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Preface

A flattering, but motivating, aura of enthusiasm and worthiness continues to embrace the first edition of Controversies in Neurosurgery, which Thomas C. Origitano, H. Lewis
Harkey, and I edited more than 15 years ago. That volume
fulfilled its goal of delivering a sound and stimulating discussion about the controversial subjects of that time. It was
well received and is surprisingly still invaluable to my neurosurgical colleagues around the world, whether they are
in training, in academia, or in private practice. Many of
the “controversies” presented in that volume have been
settled. Some vanished with the advent of new techniques
or knowledge, but new ones have arisen and have become
heated. As we urged the chapter authors of the first edition,
I have urged the authors of this edition to be strong advocates in promoting their approach or technique.
As in the first edition, the expertise of the authors and
scholarly moderators serves as the golden core of this volume. At the time of the first edition, this approach served
to nurture innovative ideas and techniques so as to dispel

the weight of conservative and established ones. Now, it
serves to bring balance to overly promoted new developments. This attitude of accepting and learning the good
“new” while retaining and defending the good “old,” with
scholarly and thoughtful discernment of the two, has been
an attribute of practitioners of the healing arts throughout
the ages. This balanced approach stems from their commitment to do what is best for the patient and is eloquently
stated in a popular translation of the prayer of the physician Maimonides:
Should those who are wiser than I wish to improve and
instruct me, let my soul gratefully follow their guidance;
for vast is the extent of our art. But if fools deride me, let
my love for my profession allow me to withstand scorn,
even by men of high stature. May truth illuminate my
way, for any failing in my craft may bring death or illness
upon thy creatures.
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Chapter 1

Surgical Removal of
Tuberculum Sellae Meningioma:
Endoscopic vs. Microscopic

Case
A 45-year-old woman has visual acuity of 20/800 in the right eye, 20/40 in the left eye, and an incon
gruous visual field defect.

Participants
Microsurgical Removal of Tuberculum Sellae Meningiomas: Franco DeMonte
Endoscopic Removal of Tuberculum Sellae Meningiomas: Paolo Cappabianca, Luigi Maria Cavallo, Felice
Esposito, and Domenico Solari
Moderator: Surgical Removal of Tuberculum Sellae Meningiomas: Endoscopic vs. Microscopic: William T.
Couldwell
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Microsurgical Removal of Tuberculum Sellae Meningiomas
Franco DeMonte
Meningiomas of the tuberculum sella account for 4 to 10%
of meningiomas, and they almost universally present with
varying degrees of visual loss.1 These tumors arise from the
tuberculum sellae, chiasmatic sulcus, limbus sphenoidale,
and the diaphragma sellae, and usually displace the optic
chiasm superiorly and posteriorly and the optic nerves laterally or anterolaterally and superiorly. They very commonly
extend into one or both optic canals.2–4 Early diagnosis and
advances in microsurgical technique have essentially eliminated mortality in recent microsurgical series, but even
contemporary studies continue to report up to a 20% rate of
visual deterioration after surgery.5–10

There recently has been a proliferation of reports describing the transsphenoidal resection of tuberculum sellae meningiomas, with both microsurgical and endoscopic
techniques, although the patients included in these reports
represent a highly selected subset of these tumors.

Surgical Considerations
Crucial to the patient’s visual outcome and the selection of
the operative approach is the surgeon’s ability to recognize
the high rate of optic canal extensions of tuberculum sellae
meningiomas (Fig. 1.1). Such extensions have been identi-

a

c

b

Fig. 1.1a–c Axial (a), coronal (b), and sagittal (c) T1-weighted
postcontrast magnetic resonance imaging studies of a patient
with a large tuberculum sella meningioma with bilateral extension into the optic canal (arrows). (Used with permission of the
Department of Neurosurgery, the University of Texas M.D. Anderson Cancer Center.)
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Fig. 1.2 Intraoperative photograph during resection of a tuberculum sella meningioma. Notice the preserved perforating vessel
to the optic nerve and chiasm and the presence of tumor tissue

superior and lateral to the right optic nerve. (Used with permission of the Department of Neurosurgery, the University of Texas
M.D. Anderson Cancer Center.)

fied in 75% of patients or more,2,4 and early optic canal decompression is an important factor in optimizing visual
outcome.2,3,9,11 Similarly crucial to visual outcome is the
preservation of the small vessels to the inferior surface of
the optic nerves and chiasm. These vessels are part of the
superior hypophyseal arterial complex that arises from
the medial wall of the internal carotid artery bilaterally12,13
(Fig. 1.2).
Vascular encasement, especially of the anterior cerebral
arteries (ACAs) and the anterior communicating artery,
must be addressed through careful, precise arachnoidal
microdissection to prevent perforator injury.1,12 Occasionally, contributions to the tumor’s blood supply may come
from small branches of the anterior cerebral and anterior
communicating complex. This supply needs to be interrupted but the parent vasculature preserved.
The pituitary stalk is typically displaced posteriorly and
is usually not difficult to dissect from the tumor. Liliequist’s
membrane tends to remain intact; thus, separating the
posterior portion of the tumor is usually relatively straightforward even in the presence of marked posterior displacement of the basilar artery.14

1. Allow for the circumferential decompression of, and tumoral dissection from, the optic nerves.
2. Preserve the microvasculature of the optic nerves and
chiasm.
3. Allow precise arachnoidal microdissection to free the encased ACA and anterior communicating artery complex.
4. Allow access to, and removal of, the tumor, the dura of
origin, and any hyperostotic bone.
5. Preserve the pituitary stalk and endocrinologic function.
6. Allow for reliable dural repair and reconstruction to
avoid leakage of cerebrospinal fluid (CSF).

Treatment of the Controversial Patient
This patient is a 45-year-old woman with significantly
compromised vision and vascular encasement of the ACA
and anterior communicating artery complex by a relatively
large tuberculum sellae meningioma (see images at the beginning of the chapter). She is best served by the complete
microsurgical resection of the tumor. The approach selected must accomplish several goals:

Given the degree of visual compromise and the vascular
encasement, I would choose a right-sided fronto-orbital
approach (Fig. 1.3). In this approach, microdissection is used
to separate the right olfactory tract from the inferior surface of the frontal lobe back to the olfactory trigone. The
anterior falcine insertion is identified and used for midline
orientation. Tumor devascularization begins in the midline,
and careful tumor debulking is begun. The ipsilateral optic
nerve is identified.
Before manipulating the optic nerve, the surgeon removes the dura overlying the optic canal (typically involved
with tumor), and the bony optic canal is widely opened
with a high-speed drill and diamond bur or ultrasonic bone
curette and constant irrigation. The falciform ligament and
the dura of the optic canal are opened to decompress the
optic nerve. Tumor is removed from around the ipsilateral
optic nerve, and the right internal carotid artery is identified. Care must be taken to avoid injuring the ophthalmic
artery. Precise arachnoidal microdissection is used to remove
tumor from around the ACA and anterior communicating
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Fig. 1.3 Intraoperative photograph of the right supraorbital craniotomy used to approach tuberculum sella meningiomas. (Used with
permission of the Department of Neurosurgery, the University of Texas M.D. Anderson Cancer Center.)

artery complex. The right optic nerve is followed to the chiasm, and the left optic nerve is subsequently identified.
This nerve is then decompressed through opening of the
bony and dural optic canal, and tumor is removed from
around the left optic nerve. The final dural attachments are
divided and the posterior margin of the tumor is dissected
off the pituitary stalk and Liliequist’s membrane. All of
the involved dura is resected and any hyperostotic bone is
drilled away.
Dural reconstruction is done with an intradural graft
sewed to the dura of the base where possible. Vascularized
pericranium is readily available to augment the reconstruction and to separate the sinonasal cavity from the intra
cranial space.

Discussion
The optimal treatment for a patient with a meningioma of
the tuberculum sella is the complete removal of the tumor,
normalization of the patient’s vision, and freedom from
surgical complications. Over the past decade, these outcomes have most commonly been achieved by using a transcranial route to access the tumor.1–5,8–19 More recently,
anterior-based approaches through the sinonasal cavities
have been proposed and increasingly used to achieve these
same goals through what is perceived to be a less morbid
alternative to craniotomy.20–31

The transcranial, microsurgical resection of a tuber
culum sellae meningioma, be it through subfrontal, interhemispheric, or pterional routes, has many advantages. It
allows vascular control of the internal carotid artery, ACA,
and middle cerebral artery; direct decompression and inspection of the optic canals, nerves, and chiasm; multiple
local tissues (free and vascularized) for reconstruction; and
a great degree of familiarity among neurosurgeons. Using
these various transcranial routes, surgeons have reported
gross total resection rates of 73 to 98%, with a mean rate
of 90.5% (median 85%). The tumors described in these reports ranged from 0.5 to 8 cm but averaged 2.8 cm (median
2.7 cm).2–13,15–19
In contradistinction, a mean gross total resection rate of
76% has been reported when a transsphenoidal route is
used, be it traditional or endoscopic (range 57 to 85%, median 83%), with tumors ranging from 1.2 to 3.7 cm (mean
2.2 cm, median 2.3 cm).20,23,24,27,28,30 Thus, it seems that a
less complete extent of resection is achieved with trans
nasally based approaches despite a population of patients
with smaller tumors on average (selected patients).
Of primary concern when treating a patient with a
tuberculum sellae meningioma is the patient’s visual outcome. Often the optic nerves and chiasm are markedly
compressed, distorted, and thinned. Many surgeons believe
that the optic canals should be opened and the optic nerve
decompressed before direct dissection of the nerves and
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Fig. 1.4 Intraoperative photograph during a right supraorbital
approach to a tuberculum sella meningioma. The olfactory (I) and
optic (II) nerves are labeled, as is the tumor (T). Note the nearly
indiscernible plane between the tumor and the medial edge of

the optic nerve (small black arrows). Also note the tumor extending superolateral to the optic nerve (white arrow). (Used with permission of the Department of Neurosurgery, the University of
Texas M.D. Anderson Cancer Center.)

chiasm takes place. Mathiesen and Kihlström9 were able to
achieve a 91% rate of visual improvement in their patients
when proceeding in this manner. This figure can be compared with an overall mean rate of visual improvement of
59% reported in the microsurgical literature.2–11,13,15–19 Unfortunately, this same body of literature reveals that visual
worsening remains a significant problem, with a mean rate
of visual decline of 13%.2–11,13,15–19
In the most typical arrangement, the optic nerves are
elevated superiorly and laterally and the chiasm superiorly
and posteriorly by the tumor. This pathological anatomy
most favors an inferomedial approach for decompression
as the approach least likely to require manipulation of the
optic nerve or chiasm.21,23,29 This is likely the reason for the
improved visual outcome reported in the literature for anteriorly based surgical approaches. Rates of visual improvement ranging from 71 to 100% have been reported (mean
85%), whereas visual deterioration has been reported in
less than 5%.20,23,24,27,28,30 A drawback of this approach, however, is the inability to remove tumor extensions above or
lateral to the optic nerves (Fig. 1.4).
Another unfortunate by-product of this inferomedial
exposure of the optic nerves and chiasm is the direct communication of the intradural space with the sinonasal cavity and the paucity of reconstructive options available to
achieve a watertight closure, let alone a primary closure.

Mean rates of CSF leaks of 30% have been reported, although meningitis does not seem to be common.20,23,24,27,28,30
The transcranial microsurgical literature reports mean CSF
leak rates of 4%.2–11,13,15–19
Finally, there is also a greater chance of trauma to the
pituitary gland and stalk with the transnasally based approaches. The literature reports an almost twofold increase
in the incidence of diabetes insipidus (6.4% vs. 3.5%) after
surgery.2–11,13,15–20,23–25,27,28,30

Conclusion
Although great strides have been made in the use of transnasal techniques to access the anterior cranial base and sellar region, many questions remain about the indications
for their use in the treatment of a patient with a tuberculum sellae meningioma. According to findings reported in
the literature to date, the transcranial routes have the advantages of applicability to tumors of any size, a better extent of resection, lower rates of endocrinopathy and spinal
fluid leakage, and, with early decompression of the optic
nerves, impressive rates of visual improvement. Currently,
these approaches most closely meet the ideals of complete
tumor removal, normalization of vision, and freedom from
surgical complications in patients with a tuberculum sellae
meningioma.

6  

Controversies in Neurosurgery II

Endoscopic Removal of Tuberculum Sellae Meningiomas
Paolo Cappabianca, Luigi Maria Cavallo, Felice Esposito, and Domenico Solari
Tuberculum sellae meningiomas account for 5 to 10% of all
intracranial meningiomas. Such tumors often compress and
sometimes encase neighboring neurovascular structures,
namely the optic nerves and chiasm, the pituitary stalk,
the hypothalamus, the third cranial nerve, and the internal
carotid, anterior cerebral, and anterior communicating arteries. Hence, they have been historically managed through
different and extensive transcranial approaches. During
recent decades, however, with the contributions of microsurgery and especially the “keyhole surgery” concept, surgical techniques and the results of treatment have been
significantly refined, with a tremendous improvement in
terms of morbidity and mortality rates.
More recently, the evolution of endoscopic techniques
has progressively reduced the invasiveness of transcranial
approaches and stimulated new interest in transsphenoidal surgery. Indeed, the panoramic view offered by the
endoscope has improved the safety of the transsphenoidal
approach,32–35 creating the possibility of passing through
the nasal cavity to reach the brain and its neurovascular
structures without parenchymal manipulation or retraction. Thus far, use of the endoscope has extended indi
cations for such an approach, initially reserved for sellar
or intra-suprasellar intradiaphragmatic lesions,33,34,36,37 to
different “pure” supradiaphragmatic lesions, including tuberculum sellae meningiomas.20,23,24,27,29–31,38–41 This application had already been foreseen by Hardy42 in the 1970s.

From the Sellae to the Tuberculum
The visualizing tool for this kind of approach is the same as
that used during standard transsphenoidal surgery: a rigid
0-degree endoscope 18 cm in length and 4 mm in diameter
(Karl Storz Endoscopy, Tuttlingen, Germany). Notwithstanding the close proximity of the sellar, suprasellar, and tuberculum-planum sphenoidal areas, the endoscopic endonasal
approach requires some modifications from the standard
approach traditionally adopted to access the sella. The endoscopic endonasal approach for the treatment of tuberculum
sellae meningiomas should give surgeons the opportunity
to proceed through the same surgical steps as those provided by the adoption of a classic bimanual microsurgical
technique—devascularization, debulking, and dissection—
that represent the backbone of meningioma surgery.
Because the surgical corridor routinely used in the standard approach to the sellar area is not sufficient, a wider,
bi-nostril surgical corridor, attained by removing some nasal
structures, must be established to increase the working
space and the maneuverability of instruments, according to
the basic rules for the extended endoscopic approaches to
the skull base standardized by Kassam and associates.43–45
Hence, the middle turbinate on one side (usually the right)

and the posterior portion of the nasal septum are removed,
and the middle turbinate in the other nostril is lateralized
(sometimes even this turbinate can be removed).
If needed, the superior turbinate and the posterior ethmoid air cells on both sides can be removed to increase the
working space. Thereafter, a wider anterior sphenoidotomy
is performed; all the septa inside the sphenoid sinus are
removed, and every irregularity of the bone and mucosa is
flattened to increase the maneuverability of the endoscope
and surgical instruments while working above the sella.
Once the posterior wall of the sphenoid sinus is completely
exposed, a series of protuberances and depressions (according to the grade of pneumatization) becomes visible:
the sellar floor at the center, the sphenoethmoid planum
above it, and the clival indentation below; the bony prominences of the intracavernous carotid artery and the optic
nerves laterally; and between them the opticocarotid recess molded by the pneumatization of the optic strut of the
anterior clinoid process. In such a way, it is possible to create a corridor that allows the surgeon to perform bimanual
dissection through both nostrils while a coworker holds
the endoscope, dynamically moving it along the surgical
corridor and switching between the close-up and panoramic views of the surgical field on demand.
Once such a preliminary stage has been performed,
additional bone is removed from the cranial base: the tuberculum sellae and the planum sphenoidale anteriorly,
depending on the extension of the meningioma, up to the
level of the posterior ethmoidal arteries and laterally up to
both medial opticocarotid recesses. This aspect of such a
bony depression, limited by the parasellar portion of both
the intracavernous carotid arteries and the optic nerves,
corresponds intracranially to the entrance of the optic canals.43 Bone removal at this level can be extended more laterally up to the medial border of the lateral opticocarotid
recess, which corresponds intracranially to the optic strut
of the anterior clinoid process, to expose the optic canals.
Superiorly, the bone opening can be widened over the planum because the optic nerve diverges, so that the resulting craniectomy resembles a chef’s hat46,47 (Figs. 1.5, 1.6).
The neuronavigator has proved to be quite useful in better
defining the limits of bone removal. Unlike with craniopharyngiomas, in the endoscopic endonasal approach for
tuberculum sellae meningiomas, management of the superior intercavernous sinus is not so troublesome because
the tumor itself often compresses and obliterates the sinus.

Lesion Management
At this point in the procedure, management of the lesion
can begin. The fundamental steps of dissection and removal
are tailored to each lesion, according to the standard prin-
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Fig. 1.5 Anatomic endoscopic endonasal transsphenoidal view
showing the “chef’s hat”–shaped bone and dural opening (dashed
lines) to gain access to the suprasellar area. Such an opening can
be tailored according to the lateral extension of the lesion. In the
inferior portion, bone can be removed up to the medial border of
the lateral opticocarotid recess, which corresponds intracranially
to the optic strut of the anterior clinoid process so that even the
optic canals can be exposed in their inferomedial aspects. The
opening can be widened over the planum. ICA, internal carotid
artery covered by the dura mater; LOCR, lateral opticocarotid
recess; MOCR, medial opticocarotid recess; ON, optic nerve
covered by the dura mater; PS, planum sphenoidale; S, sella; TS,
tuberculum sellae; *, medial aspect of the lateral opticocarotid
recess.

ciples of transcranial microsurgery. When approached from
below, removal of a tuberculum sellae meningioma is preceded by coagulation of the dural attachment so that the
tumor is devascularized early. Thereafter, the tumor is
debulked safely and its capsule is finally dissected from the
surrounding microvascular structures either with or without manipulation of the optic pathways.
Because of the intraoperative leakage of CSF, an accurate
reconstruction of the skull-base defect is needed after the
lesion is removed. First, a thin layer of fibrin glue is placed
in the intradural space to create a barrier against the CSF.
The osteo-dural defect is then closed with heterologous
dural substitutes combined with an autologous septal or
turbinate bone or even a synthetic, easy-to-shape bone
substitute, according to the various techniques (intradural,
extradural, or intra-extradural).48 Multiple layers of dural
substitute are placed to support the reconstruction and
further reinforced with the mucoperichondrium of the
middle turbinate, or a pedicled flap of septal mucosa (the
Hadad-Bassagasteguy flap49 popularized by the Pittsburgh
group50), or both. Finally, the sphenoid sinus is filled with
surgical glue (Tisseel, Duraseal, or both) to reduce the dead
spaces and hold the reconstruction material in place. No
lumbar drainage is required at the end of the procedure;
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Fig. 1.6 Anatomic endoscopic transcranial view showing the
skull-base opening achieved through the extended endoscopic
endonasal approach to the suprasellar area. CH, chiasm; dr, distal
dural ring; ICA, internal carotid artery; ICAs, parasellar tract of
the internal carotid artery; ON, optic nerve; Pg, pituitary gland;
SphS, sphenoid sinus cavity.

nevertheless, we advise our patients to remain on bed rest
for 3 to 5 days, depending on the grade of pneumocephalus, while medical therapy with acetazolamide, laxatives,
and wide-spectrum antibiotics is administered.

The Advantages of the Low Route
Like other meningiomas, those of the tuberculum sellae
involve the subdural compartment, growing outside the
arachnoid. Their development determines the compression of the chiasmatic cistern, which could be stretched
over the tumor. The parachiasmatic cisterns provide a
protective plane between a tuberculum sellae meningioma
and the optic apparatus, pituitary stalk, vessels of the anterior circulation, and the hypothalamus so that an extraarachnoidal route or, above all, an extracranial avenue such
as from below, might be preferred to manage this type of
tumor.21–23
The endoscopic endonasal approach, with the removal
of the posterior part of the planum, tuberculum sellae, and
upper half of the sella, provides a direct, median, and bi
lateral view of the neurovascular structures of the entire
suprasellar region, with some additional advantages from
the surgical route and the properties of the endoscope itself. Indeed, this technique provides a wider, close-up view
of the surgical field that permits the identification of many
surgical landmarks, in the sphenoid sinus and even intradurally, thus allowing safe dissection of the tumor from
the neurovascular structures without any brain retraction
or manipulation of the optic apparatus.
The key points in meningioma surgery are early identification and coagulation of the tumor’s dural attachment
with subsequent devascularization. Referring to the early

8  

Controversies in Neurosurgery II

devascularization of an anterior cranial fossa meningioma,
Yasargil51 reported that “turgor of the tumor is markedly
reduced and the consistency becomes similar to that of a
lipoma.” This seems the most relevant advantage of the
endoscopic endonasal technique—that it permits the complete devascularization of a meningioma before the surgeon enters the intradural compartment, thus providing
the possibility of dealing with a lesion that seems to be a
lipoma.
Hence, working through the “low route” can facilitate a
Simpson grade I removal, defined as complete tumor removal with excision of the dural attachment and involved
bone, because the approach itself requires the removal of
skull-base bone and dura to expose the lesion.
Once a meningioma has been devascularized, the low
route presents as a further advantage the opportunity to

debulk the lesion through a midline trajectory. Thereafter,
the tumor is dissected from the neurovascular structures,
namely the optic nerves and chiasm, in an opposite way
compared with the transcranial route: all the dissection
maneuvers are made to manipulate the tumor surface, as
for convexity meningiomas, without touching any vascular
structures. This ability presents an advantage during the
dissection of the small vessels supplying the chiasm and
the optic nerves or in the presence of severe A1–optic nerve
neurovascular conflicts (Fig. 1.7). As a result, the risk of
postoperative visual loss, which is strictly related to the
integrity of the vascularization of the optic chiasm, seems
to be reduced.
Another advantage of the endonasal route is the opportunity to manage a limited expansion of the tuberculum
sellae meningioma into the optic canal. Lesions with a

a

c

b

Fig. 1.7a–c The extended endoscopic endonasal transsphenoidal approach, panoramic view of the surgical field after the removal of a tuberculum sellae meningioma. The tumor has been
dissected from the neurovascular structures without any manipulation coming from a “low route,” thus facing the tumor surface
first. The tumor’s compression of the optic nerves and chiasm
could present a degree of neurovascular conflict with the A1 tract
of the anterior cerebral artery. This conflict can be minimal (a),
moderate (b), or severe (c). The asterisks on the left optic nerve
show the neurovascular conflict with the left A1 tract of the anterior cerebral artery so that the nerve is thinned. A1, A1 tract of the
anterior cerebral artery; A2, A2 tract of the anterior cerebral artery;
ACoA, anterior communicating artery; Ch, chiasm; ICA, internal
carotid artery; ON, optic nerve; OT, optic tract; Sha, superior hypophyseal artery.
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wide dural attachment initially involve the inferomedial
aspect of the optic canal, pushing the nerve upward, so that
the endoscopic endonasal approach enables the removal of
dura and lesion in the optic canal without manipulation
of the nerve. Contrariwise, when the meningioma encases
the optic nerve, this approach will not provide adequate
access to deal with this component of the lesion.

The Disadvantages of the Low Route
Some drawbacks should be kept in mind when using this
technique. First, it is technically demanding; thus, additional anatomic knowledge, experience, and dedicated surgical tools are needed because the anatomy is approached
from a different and somewhat opposite point of view. In
addition, an imaginative tridimensional concept for mental
reconstruction of the lesion and the surrounding structures as seen from below is mandatory. Furthermore, some
anatomic conditions could affect management of the lesion via the transsphenoidal route. If a well-pneumatized
sphenoid sinus allows better visualization of all important
landmarks, thus favoring surgical orientation, a conchaltype sphenoid sinus represents an obstacle. In addition, a
small sella, with two close intracavernous carotids, could
mandate a narrower approach, and a wider chiasmatic sulcus could facilitate the endonasal approach.
Problems concerning the control of bleeding from the
main vessels in such a narrow space and the higher risk
of postoperative CSF leak, as compared with the transcra-
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nial approaches, are still challenging. Regardless, the CSF
leak rate is lower than that after endoscopic endonasal
surgery for craniopharyngiomas. Meningiomas, especially
when medium sized, compress the adjacent arachnoid
cisterns, creating a natural barrier, which often is found
intact even during transcranial surgery. Nevertheless, improvements in closure techniques and the use of new materials and dedicated instruments seem to further reduce
such risks.
The successful use of such a technique requires careful
patient selection. Appropriate indications include a small
or medium-sized lesion without vascular encasement,
with a dural attachment that does not extend beyond the
optic canals, or without a broad attachment over the planum surface, and without lateral extension. Lesions that
fit these criteria can be approached by means of such a
technique so that the tumor can be exposed consistently
to ensure that it is easily identified and removed.
Finally, it has to be kept in mind that adequate endoscopic equipment, image-guidance systems, dedicated instruments, and, above all, considerable experience with
the endoscopic transsphenoidal technique are essential
for the realization of this approach.44 Nevertheless, further
technological advancements in instrumentation, both op
tical and surgical, are expected to make such techniques
safer and more feasible, therefore appropriately defining
the indications for this approach and rendering it a viable
alternative to be considered when dealing with a tuberculum sellae meningioma.

Moderator
Surgical Removal of Tuberculum Sellae Meningiomas:
Endoscopic vs. Microscopic
William T. Couldwell
This case nicely exemplifies a timely controversy in skullbase surgery. Since Martin Weiss52 first described the extended transsphenoidal approach, there has been a steady
growth of interest in using the transnasal approach to remove an ever-expanding number of tumor types in the
parasellar area and anterior skull base. The advantages of
the endonasal endoscopic and transcranial microscopic
approaches have been well discussed here by Cappabianca
and DeMonte and their colleagues. I will briefly summarize
my analysis of the advantages and disadvantages of these
approaches before offering my opinion.

Endonasal Endoscopic Approach
Advantages
The advantages of the endonasal approach include ease
and a lack of visible surgical incisions. The approach enables early devascularization of the tumor through removal
of the tuberculum bony attachment and interruption of the
tumor’s blood supply. In addition, it offers the most direct
access to the tumor and its bony attachment. The approach
is midline and does not require any brain retraction for
tumor exposure. Early indirect decompression is achieved
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with initial tumor removal. The olfactory nerves are at less
risk of stretch injury than with a transcranial approach, as
no brain retraction is necessary, and hyperostotic bone,
usually an indication of tumor invasion, is removed. There
are no blind spots during dissection, as all of the region
medial to the carotid artery and optic nerve is visible, in
contrast to a unilateral transcranial approach. Any tumor
extending down into the sella may be easily removed
through the endonasal transsphenoidal approach.
The visualization offered by the endoscope is superior
to that of the microscope because it places the surgeon’s
eye at the level of the sella or anterior skull base and it provides the ability to look laterally around corners with appropriate angled endoscopes. This is particularly helpful in
the present case to ensure there is no tumor lateral to the
bony opening, which is limited by the carotid arteries and
optic nerves.

Disadvantages
Because the endonasal endoscopic approach entails removal
of the bone underlying the tumor, efforts to prevent a CSF
leak are an important consideration. Any bone removal anterior to the tuberculum with an extended transsphenoidal
approach is associated with a significantly higher risk of
CSF fistulas than with a standard transsphenoidal approach
to the sella.20,21,53,54 This may be a significant risk and may
necessitate a longer in-hospital course for management,
including the adjuvant use of a lumbar drain. The techniques for reducing this operative risk vary,20,53–55 but they
all still result in a higher risk of postoperative fistulas than
does a standard transcranial approach.
The other main disadvantage of the endonasal endoscopic approach is the difficulty in removing the tumor or
its dural attachment over the optic nerve in the canal, or
above and lateral to the anterior clinoid process. With the
current instruments, the bimanual surgical technique is
limited beyond the immediate direct view of the endoscope. That is, the surgeon is limited in his or her ability
to work laterally despite the ability to visualize the tumor
or its attachment. The recent advent of three-dimensional
endoscopy may facilitate visualization, but the limitations
of the instrumentation still remain.

Transcranial Microscopic Removal
Advantages
The advantages of an approach using the microscope are
considerable in this case. First, it is a familiar approach. (I
would choose a frontotemporal craniotomy for this case,
although it may be amenable to a unilateral or bilateral
subfrontal exposure.) It enables fine microsurgical dissection of the tumor from important cranial nerves (the optic
nerves and chiasm here) and vascular structures (anterior
cerebral and communicating arteries) under direct vision
and with bimanual microsurgical control. The important

cranial nerves and arteries are identified early in the dissection in contrast to the endonasal endoscopic approach,
during which they are identified near the end of tumor removal and may already have been manipulated if adherent
to the tumor.
Another important advantage of the transcranial approach is the removal of the anterior clinoid process and
any dural involvement over the clinoid and lateral to it. Removing the anterior clinoid allows complete decompression of the optic nerve and removal of tumor superior and
lateral to this nerve, which is clearly difficult to achieve
from below.

Disadvantages
Disadvantages of the approach include the obvious ones,
such as a visible incision and the need for frontal lobe retraction. In addition, early devascularization of the tumor
necessitates a basal approach designed to detach the tumor
from the tuberculum early in the procedure. It may be necessary to partially remove the tumor to facilitate decompression of the optic nerves and chiasm before disconnecting
the tumor from its attachment. Removal of the tumor in
this case may therefore entail early blood loss. The other
major disadvantage of the transcranial approach, if not performed in a midline fashion, is that tumor medial to the
ipsilateral carotid artery and optic nerve may be difficult
to visualize and remove. I have supplemented the frontotemporal approach with the use of an angled endoscope for
this task, with good results.

The Verdict
Which approach would I choose? In this case, my experience has led me to increasingly favor a transcranial approach for such a tumor. Certainly, the mass can be removed
through the transnasal approach, as has been well described by our group20 and others.21,22,27–29 However, removing the mass is only part of the goal of this surgery.
Complete removal of these tumors should be the charge
and should include all of the tumor plus its dural and bony
attachments. This is accomplished most easily at the first
operative intervention. To remove all tumor superior to
the optic nerve in the optic canal, to adequately remove the
clinoid if it is involved, and to remove the dural attachment
above or lateral to the optic nerve is more easily and more
certainly accomplished through a standard transcranial
approach in my hands.
An example of the limitation of the endonasal endoscopic
approach for this purpose is illustrated in the following
case. A 54-year-old woman presented with visual loss from
a tuberculum meningioma (Fig. 1.8a,b). After the tumor
was completely resected through an endoscopic endonasal
approach (Fig. 1.8c,d), she had a recurrence 3 years later
with tumor lateral to the carotid artery and above the optic
nerve in the region of the anterior clinoid process with
compression of the left optic nerve (Fig. 1.8e). She required
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Fig. 1.8a–e A 54-year-old woman with bilateral loss of visual
acuity and bitemporal hemianopsia. Note the lesion attached to
the tuberculum and compressing the optic nerves and chiasm
(a,b). After successful endonasal endoscopic removal (c,d), the
fat-suppressed, contrast-enhanced T1-weighted magnetic resonance imaging studies showed no evidence of residual tumor.
Three years after the tumor was removed, the patient presented
again with recurrent visual loss in the left eye, with tumor above
and lateral to the optic nerve (e). The patient underwent trans
cranial surgery for removal.
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a transcranial operation to remove the tumor, and surgery
was complicated by extensive scarring in and around the
optic nerve that we were attempting to decompress.
In the final analysis, there is a valid argument to be
made for both approaches to the tumor. It will require long
and careful follow-up of these cases to determine the optimal strategy for tumor control in the case of a meningioma.
It may well be true that a meningioma, although a common
skull-base lesion in this region, is not particularly well

suited for endonasal removal, given the necessity for optimal Simpson-grade removal for long-term tumor control.
Whether this can be achieved by an endonasal approach
with improved instrumentation in the future remains to be
determined. Optimal, safe, Simpson-grade removal should
be the goal of surgery, and the choice of approach should
be dictated with this goal in mind, when both approaches
are safely performed by experienced hands.
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Chapter 2

Management of Parasagittal
Meningiomas Involving the
Superior Sagittal Sinus:
Partial Removal with Radiosurgery
vs. Total Removal with Repair

Case
A 40-year-old right-handed woman presented with headache and a new onset of generalized seizures.
A physical examination showed mild left hemiparesis.

Participants
Combined Surgical and Radiosurgical Treatment of Parasagittal and Falx Meningiomas with Superior Sagittal
Sinus Invasion: M. Necmettin Pamir, Selcuk Peker, and Koray Özduman
Total Removal of Parasagittal Meningiomas Involving the Superior Sagittal Sinus: Marc P. Sindou, P. Hallacq,
and Jorge E. Alvernia
Moderators: Management of Parasagittal Meningiomas Involving the Superior Sagittal Sinus: Partial Removal with Radiosurgery vs. Total Removal with Repair: Kenji Ohata and Rahadian Indarto Susilo
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Combined Surgical and Radiosurgical Treatment of Parasagittal and
Falx Meningiomas with Superior Sagittal Sinus Invasion
M. Necmettin Pamir, Selcuk Peker, and Koray Özduman
This patient’s neurologic examination showed mild hemiparesis, and magnetic resonance imaging (MRI) demonstrated a left-sided parasagittal meningioma located in
the middle third. Magnetic resonance venography showed
partial occlusion or narrowing of the superior sagittal sinus
(SSS). Our recommendation for this patient is surgical resection of the tumor outside the sinus and subsequent radiosurgery for the residual portion that invades the sinus.
Parasagittal meningiomas invading the SSS have long
presented a problem for neurosurgeons. Most of the patients with this lesion have neurologic signs or symptoms,
prompting some form of treatment, and even if asymptomatic, most of these tumors grow over time, infiltrating
surrounding structures. But choosing the form of treatment is not so straightforward. The literature from the
microsurgical era concentrates on two treatment options:
conservative resection, and radical resection of both the
tumor and the invaded sinus combined with reconstruction of the sinus. However, accumulating evidence has
shown us that neither of these options provides a safe, effective, and long-lasting solution to the problem, and this
lack of a solution has prompted a search for new and more
effective treatment options.

General Considerations
Parasagittal and falx meningiomas make up a significant
proportion of intracranial meningiomas, with reported
rates ranging from 19.24 to 33.7%.1–4 In early studies, these
meningiomas were classified based on whether or not they
showed hyperostosis. An anatomic classification into anterior, middle, and posterior locations was first devised by
Olivecrona.4 Anterior cases are located between the crista
galli and the coronal suture, middle cases arise between
the coronal and lambdoid sutures, and posterior cases are
localized between the lambdoid suture and the torcular.
Most of these lesions occur in the middle third, and the reported relative rates are 14.8 to 33.9%, 44.8 to 70.4%, and
9.2 to 29.6% in the anterior, middle, and posterior portions,
respectively.1,5–8
Superior sagittal sinus involvement is reported in a
significant proportion of the cases, with Simpson9 noting
a rate of 40%. The extent of venous involvement by the
meningioma can range from invasion of the outer surface
of the venous wall to complete invasion and obliteration
of the sinus. Several authors have devised classification
schemes for surgical decision making. The first detailed
classification scheme of Krause was later modified by
Merrem and then Bonnal and Brotchi.10 This widely cited
classification scheme was in turn later modified by Hakuba
to include eight subtypes. The latest, simplified version by

Sindou and Alvernia11 describes six types of parasagittal
meningiomas classified according to the degree of sinus
invasion:
Type I: Invasion of the outer surface of the sinus wall
Type II: Invasion of the lateral recess
Type III: Invasion of the lateral wall
Type IV: Invasion of the lateral wall and roof
Type V: Total occlusion of the sinus with one wall free of
tumor
Type VI: Total occlusion of the sinus without one wall
free of tumor
The reported rates of these types are 31%, 8%, 11%, 13%,
5%, and 32%, respectively.11,12
The anatomic classification into three segments along
the anteroposterior axis is not merely of diagnostic significance but relates to the neurologic consequences of SSS
closure at that segment. According to their terminal drainage, the superficial veins of the cerebral hemispheres are
divided into superior sagittal, falcine, sphenoid, and tentorial groups.13–15 These systems are interconnected by three
large anastomotic veins: the vein of Trolard, the vein of
Labbé, and the superficial sylvian vein. The superior sagittal group drains blood from both hemispheres into the SSS,
the largest draining vein. The size of the SSS increases from
anterior to posterior with the addition of veins from the
frontal, parietal, and occipital lobes.13–15 The terminal veins
adjoin to form 1- to 2-cm free venous segments along the
superior margin of the hemisphere in the subdural space.
These terminal cortical veins can drain directly into the
SSS or pass through lacunae before they drain into the
sinus.14
The clinical consequences of acute occlusion, thrombosis, or sacrifice of the SSS were first documented in the first
quarter of the 20th century,13 and it was soon concluded
that the site of closure is the dominant factor in the patient’s neurologic outcome. Sacrifice of the anterior third
is well tolerated, but some authors note that general slowing of the patient’s thought process and activity, or even
akinetic mutism, are reported after such sacrifice, although
these phenomena are rare.15 Sacrifice of the middle third
causes hemiplegia, more prominent in the lower extremities, and akinesia.15 The posterior third is the largest portion and receives the straight sinus, and acute occlusion or
surgical sacrifice of this portion carries a significant risk of
fatal brain edema and increased intracranial pressure.
Although acute obliteration of the sinus is associated
with such serious consequences, a more gradual closure
during tumor growth is usually well tolerated. One must
bear in mind that the gradual closure from tumor invasion
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is not merely a closure of the sinus. The living organism
reacts actively to changes in the “interior milieu,” and
gradual occlusion of the sinus is certainly accompanied by
functional changes in venous drainage. Closure of the main
drainage route does not necessarily lead to diversion of the
venous drainage to other systems away from the SSS. In
many cases, venous collaterals take over the role of the
main channel, and sacrifice of these collaterals leads to morbidity similar to that of SSS sacrifice. Whether, or how
much, the tumor contributes to venous drainage of the region is not known.16

Management Strategy
The goal in managing this type of “problem” meningioma
is clear: keep the patient fully functional and prevent or
provide long-term relief from problems associated with
intracranial tumor growth. The availability of several alternative treatment possibilities indicates that there is still no
single best form of treatment for meningiomas invading
the SSS. The most straightforward treatment option is
complete surgical excision. Meningiomas located in the
anterior third are the least controversial with regard to
treatment, and most authors recommend simple radical
resection. Parasagittal meningiomas located in the middle
third of the SSS are the most difficult to treat because of
the abundance of afferent veins, the significant morbidity
associated with their sacrifice, and the high risk of recurrence. Meningiomas in this group were early christened as
“problem” meningiomas.2 Total resection is technically demanding; it can be associated with significant morbidity in
patients with invasion of the SSS. In some cases total resection is not possible. The general consensus for lesions that
have limited sinus invasion is surgery followed by limited
local reconstruction. Simple repair or patching with endogenous material (for example, muscle grafts) is adequate
in most of these cases. If the invasion is more extensive, a
radical excision necessitates venous reconstruction, but
this entails a significant complication rate. Some authors
have advocated more conservative resections to avoid this
increased risk, but conservative approaches are associated
with continued growth.
Authors who have advocated subtotal resection of these
meningiomas resect the tumor outside the sinus and leave
the invading portion untouched.3,17 Surgery is planned to
restore or preserve function in an attempt to combine the
lowest possible risk with the maximum benefit to the patient, based on the notion that most meningiomas are
slow-growing tumors and even subtotal resection provides
long, progression-free periods. However, most of these
patients survive for long periods and therefore regrowth
is inevitable after such conservative resections.18–20 Recurrences are managed through repeated conservative resections until the sinus is obliterated, when total resection
becomes an option. Although this idea may sound attractive, it is well known that the efficacy of surgery decreases
and the complication rate increases with each repeated sur-
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gical intervention. The literature contains no solid scientific
evidence on the long-term results of subtotal resection.
The high rate of regrowth after subtotal resection and
the fact that complete surgical resection including the invaded structures is associated with lower rates of recurrence
led several authors to develop techniques to resect the invaded sinus along with the tumor. As noted above, resecting part of a patent SSS can cause serious morbidity and
mortality due to venous infarction and brain edema. Therefore, techniques have been developed to repair or reconstruct
the sinus after the portion invaded by the meningioma
is removed.5,6,10–12,21–29 Most recent studies, however, indicate that such aggressive approaches are not necessarily associated with good surgical results or low recurrence rates,
and they are still associated with significant morbidity.25
Such a venous reconstruction is a formidable surgical challenge, and the literature contains only a few large series
of SSS reconstruction totaling fewer than 200 cases.
Bonnal and Brotchi10 were the leading authors advocating such procedures. In 1978, they published the results of
34 patients with SSS repair or reconstruction with venous
allografts for parasagittal meningiomas. In nine patients,
the surgeons were able to preserve the patency of the sinus
without using a graft. In the other 25, they removed one or
more walls of the SSS and then rebuilt the structure using
a dural or venous graft. In one case, they needed to remove
the entire SSS and then create a new sinus structure using
a total vein graft.
Hakuba23 also reported his results with 23 cases of parasagittal meningiomas. In six patients, he totally removed the
tumor and the sinus. Seventeen patients had sinus involvement and, after total tumor excision, Hakuba repaired the
sinus wall or reconstructed the sinus with a vein graft. In
this group, 29% of patients had postoperative paresis.
On two occasions, Sindou and his colleague11,12 reported
their experience with the aggressive management of parasagittal meningiomas invading the SSS. The second study,
of 100 meningiomas that invaded the dural sinuses, included 92 cases that were located in the SSS. Of these, 30.4%
were in the anterior third in close relation to the precentral
veins, 52.3% were in the middle third in relation to the
postcentral veins, and 17.4% were in the posterior third.11
The authors reported gross total removal in 93% of these patients (Simpson grade I or II) and radical excision combined
with coagulation of a small amount of residual tumor (Simpson grade III) in the other 7%. The permanent neurologic
morbidity rate was 8%, and the mortality rate was 3%. Looking back at those publications, one realizes that the techniques are not very efficient. In Bonnal and Brotchi’s series,
the immediate postoperative control angiogram showed a
patent SSS in 87% of the 34 patients. This rate was 66% in
Hakuba’s23 series and 64% in Sindou’s12 2001 series, indicating that, in up to a third of cases, the venous reconstruction did not work.
Similarly, the recurrence rates after radical resection are
not very impressive either. Regardless of the form of surgical treatment, recurrence is common in patients with me-
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ningiomas invading the SSS. This high risk of recurrence
was originally documented by Simpson’s9 landmark study,
which indicated a recurrence rate of 5% for Simpson grade I
and 17% for Simpson grade II resections. This is most likely
due to microscopic residuals undetected at the time of
surgery. Mathiesen and colleagues30 reported microscopic
residual meningioma growth in dural resection margins
in 41% of “radical” Simpson grade I operations. Authors
who have not attempted sinus reconstruction have reported
similarly high rates of recurrence in patients in whom radical resections were possible. Jääskeläinen31 reported a recurrence rate of 21% after seemingly complete removal.
At a mean follow-up of 25.4 years, Caroli and colleagues5
reported a 9.3% recurrence rate after Simpson grade I and
a 42.9% recurrence after Simpson grade II resections. The
mean time to recurrence was 6.8 years after grade I removal and 4.7 years after grade II or III resections. These
results indicate that a more radical resection can decrease
but not eliminate the risk of recurrence in patients with
parasagittal meningiomas invading the SSS. One can also
conclude that a more radical resection does not significantly delay the time to recurrence either. Based on these
findings, it is not surprising that, even in the hands of
masterful surgeons, radical resection combined with SSS
reconstruction are associated with considerable rates of recurrence. In 2003, Brotchi’s research group25 documented
the long-term results for these cases. Of the 25 individuals
who underwent partial or total SSS removal and sinus reconstruction, 15 had total tumor excision, and these patients had been followed for more than 10 years. Five of
these 15 individuals (33%) developed a focal meningioma
recurrence. The remaining 10 of the 25 patients underwent
subtotal tumor excision, and eight of them had been followed for more than 10 years. Five of these eight patients
(63%) developed local recurrence. Because of these outcomes, the authors questioned the efficacy of their approach
and concluded that the optimal strategy for patients with
meningiomas involving the SSS is gross tumor removal followed by monitoring, and radiosurgery if regrowth occurs.
In stark contrast, Sindou and Alvernia11 reported a recurrence rate of 4% over a mean 8-year follow-up period
(3–23 years). Such perfect results have not been replicated
by any other master surgeon. Having analyzed the literature, we gave up the strategy of radical resection and reconstruction and started using a combination of surgery
and the gamma knife.8 Our rationale is based on our previous good results with the combination of surgery and radiosurgery for meningiomas in other locations32 and the good
results of other groups with this type of meningioma.7

The Role of Radiosurgery
The high complication rates of aggressive treatment strategies and the risk of recurrence after conservative treatment
have created a need for alternative treatment strategies.
Radiosurgical treatment of meningiomas has proven safe

and effective, and this treatment modality for meningiomas has become very popular in recent years for the primary treatment of small meningiomas or as an adjuvant
for residual or recurrent cases.26,27 The reported tumor
growth control rates range from 85 to 95%.27 As in the case
of cavernous sinus meningiomas, this relatively less-invasive
treatment modality can potentially be used as an adjunct
or alternative in patients with parasagittal meningiomas
invading the SSS to achieve long-term control of tumor
growth with little morbidity.28
Currently there is no definitive evidence to show the superiority of aggressive or less invasive treatment paradigms. Only two studies have been published to test the
hypothesis that the gamma knife can be used effectively
to treat parasagittal meningiomas that invade the SSS.
Kondziolka and colleagues7 conducted a multicenter study
and documented treatment results for 23 such patients.
Most of these meningiomas had invaded the middle or posterior region of the SSS, and the mean tumor volume was
10 cm3. Seventy-eight patients underwent radiosurgery as
the primary therapy, with a 5-year actuarial tumor control
rate of 93%, and none of the tumors smaller than 7.5 cc
showed regrowth in the long term. For the 125 patients
who had undergone surgery before gamma knife treatment, the 5-year control rate was only 60%. The authors
reported that most cases of radiosurgery failure were due
to remote tumor growth, as a precise definition of meningioma borders can be complicated in patients who have
undergone previous surgery for SSS-invading meningiomas.
In the 203 cases reported by Kondziolka and colleagues, the
median marginal dose was 15 Gy. Sixteen percent of the
patients developed symptomatic edema after radiosurgery.
The authors analyzed the potential causes of this edema
and found that the only factor correlated with this complication was previous neurologic deficit. In all cases, the
edema resolved with medical therapy. The authors concluded that, in patients with a small meningioma (< 3 cm
diameter) that has invaded the SSS but in whom the sinus
is still patent, radiosurgery should be the primary surgical
procedure. In patients in whom the tumor is larger, they
recommend planned, second-stage radiosurgery.
In 2006, we reported our experience with gamma knife
radiosurgery in 43 patients with parasagittal meningiomas
that invaded the SSS.8 Twenty-eight patients had undergone previous resection, and the follow-up period after
radiosurgery ranged from 24 to 86 months (median 46
months). The median dose was 15 Gy. During this followup, 22 tumors (51%) decreased in size, 16 (37%) remained
volumetrically unchanged, and five (12%) grew. The overall
rate of tumor control with radiosurgery was 88%. Based on
a minimum of 2 years’ follow-up, our results show that radiosurgery provided successful tumor control in 13 of the
17 patients with recurrent meningiomas and 10 of the 11
patients with residual tumor tissue. The discrepancy relates to small tumor volumes in residual cases, resulting
in possibly higher marginal doses. Our data also indicated
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that, at 2 years’ follow-up, gamma knife radiosurgery controlled tumor growth 100% in virgin cases. We found that
radiosurgery was ineffective in two patients with malignant meningiomas. We therefore do not recommend radiosurgery as the first-line treatment for these cases. The
overall recurrence rate for the 24 residual or recurrent
meningiomas with a typical histology was 8%, a rate comparable to the recurrence rates reported after gross total
resection. Our surgical strategy for these tumors in the earlier years was total excision with removal of the affected SSS
wall and grafting for repair. However, in 1997 we changed
our policy. We now remove the gross mass of the tumor,
coagulate the infiltrated portion of the sinus wall, and then
assess with MRI within the first 24 hours.

Conclusion
Our management of parasagittal meningiomas is currently
based on the following considerations:
1. Parasagittal and falx meningiomas invading the SSS are
common, and frequently present with neurologic symptomatology. Most of these tumors grow at follow-up;
therefore, treatment is indicated.
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2. The general consensus for managing tumors in the anterior third is surgery regardless of sinus invasion. Radiosurgery is also an option for patients with small
meningiomas.
3. Conservative resection is associated with a high rate of
regrowth. The increased morbidity rates with each repeat surgery speak against this treatment option.
4. Radical surgical resection combined with sinus reconstruction is associated with significant morbidity, low
efficiency, and similarly high recurrence rates.
5. Radiation treatment is associated with significant morbidity and is reserved as a salvage treatment in recurrent cases unresponsive to other treatment methods.
6. Radiosurgery is an exciting treatment strategy and can
be used as a primary treatment in all patients with
small parasagittal meningiomas, unless there is a significant mass effect or peritumoral edema. Radiosurgery
can also be effectively administered as an adjuvant therapy after maximal surgical resection outside the sinus
to decrease the risk of regrowth. Short- and mediumterm results indicate that this is a safe and effective
strategy. Long-term results are yet to be determined.

Total Removal of Parasagittal Meningiomas Involving the
Superior Sagittal Sinus with Sinus Repair
Marc P. Sindou, P. Hallacq, and Jorge E. Alvernia
The presented case illustrates the difficulties of surgical decision making. The T1-weighted MRI shows that the tumor
is located in the posterior part of the SSS, in the middle
third, and invades at least the ipsilateral wall of the sinus,
and perhaps also its roof. From these images and the
venous MR angiogram, it seems impossible to ascertain
whether the sinus lumen is totally or only subtotally
occluded. The venous collateral circulation visible on the
oblique image of the venous MR angiogram might be, in
part, a still open (or recanalized) sinus lumen or, in part,
satellite channels belonging to the afferent cortical veins. In
addition, the picture shows (emissary) intradiploic drainage for the anterior third of the SSS. These paths of drainage
contribute to the collateral circulation of the partially (or
totally) occluded sinus.
For this otherwise healthy young woman, two surgical
approaches are possible: gross tumor removal with coagulation of the invaded sinus walls leaving an intrasinusal
fragment in place, or radical removal with or without restoration of the venous circulation. Our preference would be
to first remove the extrasinusal portion of the meningioma

after debulking the tumor, with dissection of its so-called
capsula from the brain cortex. We would then resect the
invaded walls and restore circulation with a patch.

Case Discussion
To reduce the risk of recurrence of a parasagittal meningioma, our current attitude is to attempt whenever possible a total removal of the tumor, including the invaded
walls or the occluded portion of the sinus. Such a decision
to radically remove the tumor leads to an aggressive surgical approach, which implies restoration of the venous
circulation.
In the “dangerous” case presented here, our decision to
radically remove the tumor and restore the venous circulation is reinforced by the tumor’s location within the province of rolandic outflow. Impairment in this location would
probably cause hemorrhagic infarction in crucial sensori
motor territories. Because the meningioma in this patient
likely does not invade the contralateral wall, it would be
possible to restore flow with a patch.
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Type IV: The ipsilateral wall and the roof are both invaded. The invaded walls are resected and the
sinus is kept patent with a patch reconstruction.
Types V and VI: The sinus is totally occluded. In Type V,
one wall is free of tumor.
Although the current theory is to remove the
invaded portion of the sinus without reestablishing venous circulation, our preference is to restore
this circulation. In tumors of type V, circulation
can be restored with a patch after the two invaded walls (or ipsilateral wall and roof) have
been resected and the fragment that occludes the
sinus extracted (Fig. 2.2). In tumors of type VI,
restoration must be done with a bypass, which
can be end-to-side before tumor removal or endto-end after removal. For meningiomas in the
posterior third of the SSS, the torcular or the lateral sinus, a sino-jugular bypass at the neck can
be done before sacrifice of the invaded portion
(Fig. 2.3).

Technical Considerations

Fig. 2.1 The authors’ classification of parasagittal meningiomas.11,12,15,33 Type I: The meningioma is attached to the outer
layer of the sinus wall. Type II: The lateral recess is invaded. Type
III: The ipsilateral wall is invaded. Type IV: Both the ipsilateral wall
and the roof of the sinus are invaded. Type V: The lateral wall and
the roof are invaded and the lumen is occluded, but the contralateral wall is free of invasion. Type VI: All sinus walls are invaded
and the sinus is totally occluded.

General Considerations
Classification
Our surgical experience comprises a series of 160 meningiomas involving the major dural venous sinuses.11,12,15,33
This experience has led us to adopt the following surgical
strategies based on the classification of these meningiomas
into six types,11,12,15,27,33 as shown in Fig. 2.1:
Type I: The meningioma is attached to the sole outer
layer of the sinus wall. The outer dural layer is resected and the site of attachment coagulated,
leaving a clean and glistening dural surface.
Type II: The lateral recess is invaded. The intrasinusal
fragment is extracted and the dural defect repaired
with either a simple running suture or a patch
made of autologous aponeurosis (dura mater, periosteum, fascia lata, or, better, fascia temporalis).
Type III: The ipsilateral lateral wall is invaded. The invaded wall is resected and repaired with a patch.

Surgery of meningiomas invading the dural venous sinuses
is facilitated when the following technical considerations
are respected. Good venous return is best obtained by placing the patient in a semi-sitting (lounging) position, and
the operative exposure should be as extensive as possible.
The skin flap and craniotomy should extend across the
midline to expose both sides of the sinus and some 3 cm
proximal and distal to the margins of the invaded sinus.
The operation should be stopped and the venous circulation evaluated if the brain swells, which can happen when
the collateral venous pathways through the pericranium,
diploë, or dura mater become impaired. Evaluation consists
of determining the evolution of the swelling, taking Doppler measurements, and measuring intravascular venous
pressure with a small needle27 so that a decision can be
made. The decision can be to defer further resection or
pursue removal with venous reconstruction.
Because there might be discrepancies between the images and anatomic findings, the sinus should be explored
through a short incision to evaluate the patency of the
lumen and reveal any intrasinusal fragment. The tem
porary control of hemostasis is obtained rather easily by
packing small pledgets of Surgicel within the lumen and at
the ostia of afferent veins, if necessary. Vascular and aneurysm clips might crush or injure the sinus walls and tear
the afferent veins. Balloons cannot be moved through the
lumen because of septa inside. Furthermore, their use is
dangerous as they might avulse the sinus endothelium.
Venous reconstruction can then be done with patches or
bypasses. Continuous sutures (Prolene 8-0) complete the
procedure. Although an autologous vein appears to be most
suitable for a patch, harvesting a vein graft would be disproportionate. Dura mater, pericranium, fascia lata, or fascia
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d
Fig. 2.2a–d The patching technique in the superior sagittal
sinus (SSS) for a parasagittal meningioma that totally occludes
the lumen of the sinus (type V) on the right side in the posterior
third. (a) The meningioma is exposed. (b) Tumor outside the
sinus is removed; the ipsilateral wall has been invaded. (c) The
intraluminal fragment is removed. The inner aspect of the contralateral wall of the sinus is visible, and the wall is intact. The ostia of
two afferent veins entering the sinus are also visible. Blood loss is

controlled by packing with Surgicel (not shown). (d) Reconstruction of the resected (right) wall by means of a patch made of
fascia temporalis sutured with two hemi-running sutures. (From
Sindou M, Alvernia J. Intracranial venous revascularization. In:
Abdulrauf S, ed. Cerebral Revascularization Techniques in Extracranial-to-Intracranial Bypass Surgery. Philadelphia: Elsevier Saunders, 2010:361. Reprinted by permission.)

temporalis may be used as patches; they have a structure
rigid enough to allow blood to flow inside without collapse.

the surgical area. The patch is placed with two hemi-running
continuous sutures made with 6-0 to 8-0 nylon thread. An
illustration of the patch technique appears in Fig. 2.2.

Patching
A patch can be used to maintain venous flow not only for
tumors of types II, III, and IV, but also for type V to restore
venous circulation. The best material is fascia temporalis,
which is both soft and robust and can be harvested close to

Bypassing
Experimental studies and clinical assays have been performed to find the best material for bypasses in cerebral
venous surgery.21,29,34–36 Autologous veins grafts are taken
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a

b
Fig. 2.3a,b A torcular meningioma totally occluding the venous
confluence (type VI) with a long sino-jugular bypass. The patient’s
clinical presentation included the intracranial hypertension syndrome with headaches, papilledema, and dementia. (a) Venous
hypertension was treated with an autologous venous bypass

(VB) from the posterior third of the SSS to the external jugular
vein (EJV) using a 20-cm graft from the median saphenous vein.
M, meningioma; SS, straight sinus. (b) Two weeks after surgery,
digital subtraction angiography showed that the bypass was patent (arrows).

either from the external jugular vein for a short graft, or
from the internal saphenous vein when the bypass must
be longer than 10 cm (Fig. 2.3). Thrombosis occurred in the
bypass segments of all six of our patients in whom we used
Gore-Tex, asymptomatically in five and with acute but fortunately transient intracranial hypertension in one.

soon as the morning after surgery and for 3 weeks following at dosages that double the coagulation time. Warfarin is
then administered for the next 3 months until the (hypothetical) end of sinus, patch, or graft endothelialization.
The long-term patency of venous repair remains an unsolved problem (Table 2.1). The fact that all of our patients
who had a graft that thrombosed (with the exception of
one with a Gore-Tex tube) remained asymptomatic does
not mean that the venous reconstruction was useless. It is
possible that the venous repair allows time for compensatory venous pathways to develop. Importantly, the three
patients who died of brain swelling all had type VI meningiomas with sinus invasion that had been totally resected
without the restoration of venous flow.11

Patency
The patency of the venous reconstruction can be checked
at the end of the procedure with the so-called patency test
with two forceps or, better, with a Doppler probe. The flow
pattern reflects the equilibrium established between the
anastomotic outflow of the collateral veins and the flow in
the newly opened sinus. After surgery, it is important to
maintain good blood volume and have the patient’s head
elevated to enhance intracranial drainage. To prevent clotting, we consider postoperative anticoagulation therapy
to be mandatory for at least 3 months, until endothelialization occurs. This strategy did not increase hemorrhagic
complications in our series. Heparin is administered as

Conclusion
Meningiomas invading major dural sinuses raise a dilemma
for the surgeon: leave the fragment invading the sinus and
have a higher risk of recurrence, or attempt total removal
with or without venous reconstruction and expose the pa-
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Table 2.1 Patency of Sinus Reconstruction in Our Series11
Angiographic Control
Surgical Modality
Resection of intraluminal
fragment within lateral
recess + resuture

Patent
Total

Angio

Yes

No

8

8

8

0

Resection of invaded wall +
patch (fascia)

19

15

13

2

Resection of invaded portion
+ bypass with saphenous
vein

11

10

7

3

Resection of invaded portion
+ bypass with external
jugular vein

1

1

1

0

Resection of invaded portion
+ bypass with Gore-Tex

6

6

0

6

45

40

29

11

Total

tient to a potentially greater operative danger. Radical removal implies the need to preserve or repair the venous
circulation.
Our study of long-term results in a series of 100 patients
with meningiomas involving a major dural sinus, in whom
we attempted radical removal and venous repair,11 has led
us to the following conclusions. The low recurrence rate of
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4% with a mean follow-up of 8 years (range, 3 to 23 years)
supports a decision to resect not only the tumor outside
the sinus but also the fragment invading the sinus itself.
When radical removal is attempted, we consider venous
reconstruction mandatory when the sinus is incompletely
occluded, and potentially useful even if there is complete
occlusion. The traditional belief that radical removal of
meningiomas totally occluding the sinus is not dangerous
must be reconsidered because the compensatory collateral
channels may be compromised during the approach. In our
series, the three patients who died (all from brain swelling)
had a meningioma that totally occluded the sinus and was
removed en bloc without any restoration of the sinus circulation.11 Because surgical access may destroy some or all of
the collateral pathways that naturally develop to compensate for occlusion, restoring the venous circulation at the
end of surgery reduces brain swelling.
To guide surgical decision making for patients with
parasagittal meningiomas, we introduced a classification
of six types simplified from the ones described by Merrem37 and Bonnal and colleagues.38 Finally, we emphasize
that, during intracranial surgery, “dangerous” veins and
sinuses must be scrupulously respected or reconstructed,
if necessary, especially in tumor surgery. The prognosis for
patients undergoing intracranial surgery lies in preserving
not only the arterial supply but also venous drainage. Many
other experienced neurosurgeons throughout the world
share this view.10,39–45

Moderators
Management of Parasagittal Meningiomas
Involving the Superior Sagittal Sinus: Partial Removal
with Radiosurgery vs. Total Removal with Repair
Kenji Ohata and Rahadian Indarto Susilo
The optimal outcome for a patient with a newly diagnosed
parasagittal meningioma includes complete removal of the
tumor and its dural base, preservation of normal brain and
associated vascular structures, and the absence of neurological deficits.7 To manage an infiltrated but patent SSS,
several different surgical options have been proposed in the
recent literature:
1. Resection of only the extrasinusal portion with maximal safe tumor resection outside the involved sinus,
and the use of the gamma knife for any residual tumor.
2. Maximal safe tumor resection outside the involved
sinus, followed by gamma knife surgery only if the residual tumor regrows.

3. Aggressive surgical resection of the involved portion
with subsequent venous reconstruction when the
lumen is invaded.

Considerations
Parasagittal meningiomas often pose significant surgical
obstacles because of their location and invasion into surrounding structures. These meningiomas have an intimate
relationship with the sagittal sinus and with the cortical
vein, with its critical tributary bridging vein. Invasion and
involvement of the tributary bridging vein and the SSS
present a significant challenge.
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This type of meningioma has the highest postoperative
recurrence rate (7.9 to 29%) of all meningiomas.1 Recurrence not only complicates control of the neoplasm but also
drastically increases the morbidity rate.46 Well-established
factors influencing the recurrence rate include the histopathological grade, the extent of resection, and the presence of biological markers.46
Although most of these tumors are benign, the concern
about recurrence underscores the importance of achieving gross total resection (Simpson grade I or II). When
managing parasagittal meningiomas, the surgeon and patient must make decisions after weighing the benefits and
risks of each option against the long-term outcome, and
these decisions are made based on the tumor’s location,
the degree of sinus involvement, and the cortical vein anatomy and collateral circulation. We would like to affirm that
tumor resection must avoid any sacrifice of possible dominant or collateral bridging veins.

Preoperative Evaluation
In patients with parasagittal tumors, the venous patency
and collateral anastomoses must be clearly defined for
correct surgical planning, especially in patients with partially obstructive lesions. MRI can be used to assess the
relevant anatomy. Catheter angiography is still considered
the reference standard to evaluate the arterial and venousvasculature, but because of its invasiveness and potential
complications, noninvasive techniques such as magnetic
resonance (MR) venography and three-dimensional computed tomography (CT) venography are commonly preferred. Three-dimensional CT venography has a high
sensitivity for depicting the intracerebral venous circu
lation as compared with digital subtraction angiography,47,48 and it is a reliable method to determine the
patency of the sinus, the extent of occlusion, and the number of collateral anastomoses close to the insertion of the
meningioma.49
Contrast-enhanced MR venography allows excellent visualization of the venous morphology.50 It discriminates
between contrast in the patent sinus and the tumoral
mass, providing good visualization of patency of the SSS
and enabling the surgeon to accurately estimate the number of collateral anastomotic vessels, compared with phasecontrast MR angiography.
The radiographic findings suggestive of aggressiveness
include marked peritumoral edema, a mushroom or lobulated shape, cystic changes, nonhomogeneous enhancement,
an absence of calcification, and bone or brain invasion,51
particularly for grade III meningiomas.52 Perfusion MRI
can provide useful information to aid the preoperative
diagnosis of some subtypes of meningioma.53 However,

radiological features cannot reliably distinguish aggressive
meningiomas from their benign counterparts.52 They are
only suggestive, not diagnostic. Nevertheless, when these
features are present, aggressive surgical therapy should be
considered as a primary approach in high-risk patients.

Aggressive Meningiomas
Although meningiomas are typically benign, they occasionally behave in an aggressive fashion, resulting in less
favorable outcomes and higher rates of recurrence.52 This
aggressive variant is referred to as grade II or grade III, according to the World Health Organization (WHO) classification system.54 Both types have a higher rate of recurrence
and a poorer prognosis than grade I lesions, even if total
surgical excision is achieved.52
A patient’s recurrence-free survival, even after complete
removal, greatly depends on the histological grade of the
tumor. The 5-year recurrence rate after total resection is
only 3 to 4% for benign meningiomas, but rises to 35 to 38%
for atypical (WHO grade II) and 78 to 84% for anaplastic
(WHO grade III) tumors. The malignant histological variant
is a different and difficult disease, with median survival of
only 1.5 years and a fatal outcome in most cases.46 Complete surgical resection and the subsequent administration
of adjuvant irradiation are crucial for long-term control.55
From a clinical standpoint, a major concern is the discrepancy that arises between the histological appearance
of the tumor and its clinical behavior. The changes in the
WHO grading system for meningiomas in the year 2000
have significantly improved the correlation between histological grade and tumor behavior. These changes significantly increased the number of meningiomas diagnosed
as WHO grade II; thus, a greater proportion of surgically
treated meningiomas have been identified as WHO grade II
atypical lesions.56 For example, Pearson and colleagues57
described an increase from 4.4 to 35.5%, and Smith and colleagues58 reported an increase from 18.3 to 23% after the
introduction of the WHO criteria in the year 2000.

Biological Markers to Predict
Clinical Behavior
Regardless of the treatment selected, the surgeon’s main
concern is how to predict recurrence. The cell proliferation
index usually correlates with the aggressiveness of meningiomas,46 and a high mitotic rate is usually associated with
malignancy and can be measured by determining the mitotic index using Ki-67 or MIB-1. The MIB-1 antibody detects the same, or a similar, epitope as the original Ki-67
antibody, and has advantages over Ki-67 in that it can be
used in frozen, paraffin-embedded, or decalcified tissue, and
the results are easier to interpret. The MIB-1 concentration
corresponds to the histological features of the tumor, increasing with malignancy grade and recurrence risk.46,52
Unfortunately, the usefulness of the MIB-1 is limited because of variability in the results obtained by different laboratories due to differences in staining technique, counting
methods, and the interpretation of results. For example, a
different MIB-1 finding is obtained depending on whether
the count is performed in the area of tissue showing the
densest labeling or in randomly chosen fields. Some authors suggest that these findings be used as tie-breaker in
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cases of borderline atypia, with a cutoff value of 4.2%.59
This biological marker can be used to determine the need
for close radiological observation at shorter intervals or adjuvant radiotherapy in the early postoperative period.

Role of Radiotherapy
The use of radiation in the treatment of meningiomas is
still controversial. Over the past two decades, indications
for meningioma radiosurgery have expanded to include
patients with newly diagnosed disease instead of being
limited to those with recurrent or residual tumor after initial resection.60
The efficacy of stereotactic radiosurgery for meningiomas has been reported with long-term follow-up results.
Kondziolka and associates60 presented a comprehensive
analysis of patients with meningiomas (at all sites) who
were treated with stereotactic radiosurgery. They reported
an overall control rate of 93% for benign lesions (WHO
grade I) and a 15-year actuarial tumor control rate of 87%.
However, for patients with WHO grade II and grade III
tumors, the control rates were 50% and 17%, respectively,
with median follow-up periods of 2 years and 15 months,
respectively. The 5-year actuarial control rate was 40% for
grade II tumors and 15% for grade III tumors.
The role of postoperative radiotherapy in patients undergoing first-time resection of WHO grade II and III meningiomas remains somewhat controversial. Several authors
recommend postoperative radiation therapy for patients
with WHO grade II and III meningiomas to control the
invasive behavior of the tumor, regardless of the extent of
resection.52,56,61 A malignant meningioma recurring after
conventional fractionated radiotherapy can be treated with
radiosurgery.62 Mair and colleagues56 suggest that radiotherapy is not appropriate for patients with totally resected
(Simpson grade I or II) WHO grade II meningiomas because
50% of patients undergoing gross total resection will ultimately remain free of recurrent disease. They advise that
any tumor remnant seen on postoperative imaging should
be treated with radiosurgery, and suggest that postoperative radiotherapy should be reserved for tumor remnants
that are too large for radiosurgery and for which a secondstage operation is not planned. Sughrue and coworkers61
recommended selective use of radiotherapy in patients
with WHO grade II lesions, based on epidermal growth factor receptor (EGFR) staining and the MIB-1 labeling index.
Their group uses radiotherapy to treat all incompletely
resected and all gross-total resected tumors that are EGFRnegative or have elevated MIB-1 labeling (>10%), but they
only observe patients with WHO grade II tumors that have
positive wild-type EGFR staining and MIB-1 labeling of
<10% who have undergone gross total resection.

Potential Risks of Radiosurgery
Radiosurgery may not always be the safest choice. Patients
with a parasagittal meningioma treated with radiosurgery
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have been shown to be at risk for postoperative symptomatic peritumoral edema.7,63–65 Once the edema develops,
corticosteroids often ameliorate symptoms, but the need
for their prolonged use may lead to such undesirable side
effects that surgical resection of the tumor may become
necessary.65
The potential side effects associated with stereotactic
radiosurgery are not trivial. Kim and associates63 documented that patients with parasagittal lesions had a tendency to develop severe post-radiosurgical edema. Chang
and colleagues64 also reported that patients with meningiomas in the convexity, parasagittal region, and falx cerebri
that were deeply embedded in the cortex have a higher rate
of peritumoral edema after radiosurgery than do patients
with meningiomas at the skull base. Post-radiosurgical
edema was found in 4 of 79 skull-base meningiomas (5%)
in contrast to 26 of 52 hemispheric meningiomas (50%).
Kondziolka and associates7,60 documented that the rate of
transient, symptomatic edema after gamma knife radiosurgery was 16% in 203 patients with parasagittal meningiomas, and that this complication was more common in
patients with larger tumors within 2 years. Hasegawa and
coworkers66 reported that the rate of newly developed or
increased peritumoral edema 3 to 12 months after gamma
knife radiosurgery was 29 in 125 patients (28%) with convexity, parasagittal, and falcine meningiomas. The actuarial symptomatic radiation-induced rate of edema was 7%.
Based on a chart review, 21 of these 29 patients (72%) had
gamma knife radiosurgery as the initial treatment.
One reported actuarial rate for developing any post-
radiosurgical injury reaction was 8.8% ± 3.0% at 5 and 10
years.67 The risk of post-radiosurgery sequelae was lower
in patients treated with stereotactic radiosurgery at lower
doses, and tended to increase with treatment volume.67

Comment on Pamir and Peker’s Section
Pamir and Peker explained the scientific reasons for combining conventional surgery and gamma knife surgery, and
reported their experience with gamma knife surgery in 43
patients with parasagittal meningiomas that invaded the
SSS, including 15 cases of virgin small tumors that showed
complete growth control at 2 years of follow-up. Studies
by Kondziolka and associates60 in patients with benign meningiomas showed similar results. Therefore, the authors
conclude that radiosurgery could be the primary treatment
for all small parasagittal meningiomas unless there is a
significant mass effect or peritumoral edema. The authors
also suggest that complete resection is contraindicated in
the case of sinus invasion.
The application of radiosurgery is effective for the primary treatment of small parasagittal meningiomas, and
several studies also support its role in the treatment of
incompletely resected tumors.57,61,66,68 In their series of
203 parasagittal meningiomas, Kondziolka and associates60
showed that treatment with radiation on initial presentation was effective for patients with tumors smaller than
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3 cm in diameter. However, because most patients present
with symptomatic tumors of a larger size, radiation is not
usually practical as initial treatment.69 We agree with the
suggestion that significant mass effect or peritumoral edema
is a contraindication for radiosurgery. Cai and colleagues65
reported that preexisting peritumoral edema has a 77%
chance of increasing after radiosurgery.
We suggest that total removal with venous reconstruction is indicated in patients with aggressive meningiomas.
Surgical resection is an independent prognostic factor for
survival in these patients, and complete tumor removal is
the main positive prognostic factor for those with grade II
or clinically aggressive meningiomas.70

Comment on Sindou and
Colleagues’ Section
Sindou and his colleagues support the aggressive resection
of tumors with sinus reconstruction or venous bypass. The
authors report their series of 100 meningioma cases involving a major dural sinus. The recurrence rate was low
(4%), with a mean follow-up period of 8 years (range, 3–23
years).11
We want to emphasize that preserving the cortical vein
is a primary concern. The appropriateness of sinus reconstruction is dictated primarily by the patient’s ability to
tolerate temporary occlusion and the significance of cortical veins that empty into the involved segment. Reconstruction is done not only of the sinus but also of the
cortical vein.
When discussing the rationale for radical versus limited
surgery, the benefits and risks of adjuvant radiosurgery
must be considered. The ability to reconstruct the venous
sinus to totally remove a parasagittal meningioma needs
to be considered together with recent evidence that small,
benign (WHO grade I) residual tumors remain unchanged
for several years and that their growth may be further
slowed by radiosurgery.60 We suggest that total removal
coupled with time-consuming and technically demanding venous reconstruction is indicated only for aggressive
meningiomas.

Moderators’ Viewpoint
We continue to suggest that surgery must be the first-line
treatment for patients with parasagittal meningiomas, to
confirm the definitive pathology and to reduce the tumor
size, except in high-risk older patients or in those with
medical comorbidities.
A complete tumor resection requires reconstruction of
the sagittal sinus and cortical veins. Total resection of the
tumor and the invaded sinus, by destroying more or less of
the venous channel coursing through subcutaneous, periosteal, osseus, and dural tissue, compromises the progressively developed anastomotic drainage of the brain.
Our strategy for treating patients with a grade I me
ningioma that partially invades the sinus consists of an

attempt at maximal tumor removal without sacrificing
critical structures, and subsequently following any residual tumor with serial imaging studies. We use the gamma
knife to control the residual disease in these patients only
if there is tumor regrowth. When the postoperative pathology results reveal a WHO grade II or III tumor, we suggest
a second-stage surgery to completely remove the invaded
portion of sinus and reconstruct the sinus including the involved cortical veins.
Our strategy for patients with WHO grade II and III
lesions has been to achieve gross total removal (Simpson
grade I or II) with venous reconstruction, especially of the
cortical and collateral veins, because surgical resection is
an independent prognostic factor for survival in these
patients. Complete tumor removal is the main prognostic
factor in grade II meningiomas.70 We believe that this must
also be true for clinically aggressive meningiomas that
have been classified as WHO grade I. A grade I meningioma
can invade surrounding tissues, such as bone and soft tissue. Although this invasion makes resection more difficult,
it does not change the grade. The invasion of brain tissue,
on the other hand, results in a prognosis equivalent to that
of an atypical meningioma, even if the tumor appears
otherwise benign.59 We agree with the opinion of Roser
and colleagues71 that MIB-1 is an important tool in addition to routine histological evaluation, but a combination
of clinical factors and particularly the extent of surgical resection, along with the biological features of the tumor,
should influence the surgeon’s decision regarding the patient’s follow-up.
Another important consideration is the intraoperative
evaluation of the bridging vein. Sacrificing the bridging
vein causes focal venous engorgement and decreases vascular flow, which can cause venous stasis and resultant
thrombosis.69,72 Parasagittal meningiomas may encase
several large cortical veins, and the patency of venous
flow can be evaluated during procedures with indocyanine
green fluorescent microscope–integrated angiography.73
To avoid their occlusion, cortical veins encased by a meningioma can be anastomosed, regardless of the flow
direction.26
When the SSS is opened or sacrificed, parasagittal meningiomas involving this sinus raise concerns of hemorrhage, sinus occlusion, and corticovenous thrombosis.21
Whether a bypass is justified every time a total resection
is attempted, or only in selected patients with proven high
venous pressure, remains a debatable issue.11 For WHO
grade II or III meningiomas invading the SSS, we favor
attempting total removal, but sinus reconstruction in patients with incomplete invasion of the lumen depends
on the intrasinus venous pressure measurements anterior
to the surgical site, before and after the application of
clips.21,27 The rationale behind our strategy is to minimize
immediate morbidity and mortality through the judicious
selection of patients. The high rate of delayed thrombosis
after venous sinus reconstruction (23–36%) presents a
major concern regarding any attempt to replace the sagit-
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tal sinus.10,28 If the intrasinus venous pressure does not
increase after clip placement, and adequate collateral venous flow is developed and preserved during surgery,
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then sinus reconstruction might present additional risks
and prolong the operating time without providing definite
benefits.
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Chapter 3

Management of Petroclival
Meningiomas: Subtotal Resection
and Radiosurgery vs. Total Removal

Case
A 50-year-old woman has mild diplopia and trigeminal neuralgia that responded well to medical
treatment.

Participants
Management of Petroclival Meningiomas: The Role of Excision and Radiosurgery: Basant K. Misra
Total Removal of Petroclival Meningiomas: Ian F. Dunn, Rami Almefty, and Ossama Al-Mefty
Moderator: Management of Petroclival Meningiomas: Total Removal vs. Subtotal Resection and
Radiosurgery: Kadir Erkmen
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Management of Petroclival Meningiomas: The Role of Excision
and Radiosurgery
Basant K. Misra
As meningiomas are potentially curable, their treatment is
a gratifying surgical exercise when the tumor is avascular
and occurs in the convexity. But when the tumor is firm
and arising deep at the base of the skull, it presents one
of the most formidable challenges in neurosurgery. Petroclival meningiomas fall in this latter category. For this discussion, clival and petroclival meningiomas are considered
as one entity—those meningiomas arising from the upper
two thirds of the clivus and those originating at the clivus
and petroclival junction medial to the trigeminal nerve.1–3
Up to 1970, petroclival meningiomas were considered
inoperable, as only 10 of the 26 patients reported in the
literature survived surgery and only one had a total excision.3 Parallel advances in microneurosurgery and the introduction of innovative skull-base approaches in the late
1980s led to a renewed enthusiasm about radical excision
of petroclival meningiomas, and several successful series
were published.4–10 Many neurosurgeons practicing skullbase surgery (including this author) were carried away by
the possibility of total excision with a very low mortality
rate and a great postoperative scan, and accepted the accompanying morbidity as inevitable. Only a few wise men
dared to question this approach lest they be frowned upon
as incompetent.11
But the seeds of doubt were sown and led to soulsearching and rethinking at first by a few and then by the
majority. Reports of the successful control of meningiomas
through gamma knife radiosurgery further dampened enthusiasm for the high-risk radical surgery of petroclival
meningiomas.12 There remains, however, a minority of
brilliant neurosurgeons who achieve total excision in the
majority of patients with petroclival meningiomas. I am a
convert to radiosurgery, not one of the brilliant neurosurgeons who always achieve total excision. In this section of
the chapter, I address two principal issues based on personal experience and evidence from the literature.

Total or Subtotal Excision of
Petroclival Meningiomas
The objective of surgery in patients with a meningioma is
total removal of the tumor, including the dural attachment
and involved bone. The completeness of surgical removal
is the single most important prognostic factor for tumor
recurrence. However, when total removal entails unacceptable risks of morbidity or mortality, it is prudent to be satisfied with subtotal excision. Sound judgment in choosing
the best treatment depends on a high level of clinical acumen, for the best treatment is that which is best for the
patient, not necessarily what is best for the tumor!

Another related question to ask is, What constitutes
total excision? Total excision, including the dural attachment and bone (Simpson grade I), is not always possible in
patients with petroclival meningiomas. By the time patients present to the surgeon, most petroclival meningiomas have reached a large size with a wide attachment, and
the tumor often invades the exit foramina of multiple cranial nerves. Total excision of the tumor with its dura and
bony attachment is not possible in such cases without significant risks and unacceptable morbidity. In several cases,
the difficulty of excision is further compounded by arterial
and brainstem involvement.3,13–15 A review of the literature
clearly demonstrates the trend toward less aggressive surgery and an emphasis on the functional outcome, as reported in various series (Table 3.1). The total excision rates
dropped over the years from a high of 70 to 80% to less than
40%. The total excision rates in the earlier literature reported by Samii and colleagues,5 Al-Mefty and Smith,2 Misra
and coworkers,8 Kawase and colleagues,7 and Bricolo and
associates,9 were 71%, 83%, 82%, 70%, and 79%, respectively.
The total excision rates for petroclival meningiomas in the
recent reported series are much lower: 20% by Jung and
colleagues,16 40% by Little and associates,14 and 41% by
Mathiesen and coworkers.17 The total excision rate in the
series of Sekhar and associates6,13 dropped from a high of
78% in 1990 to 32% in 2007. Similarly, the group from Barrow Neurological Institute reported a total excision rate of
91% in 1992 but only 43% in 2007.10,18
The trend toward a less radical approach in almost all
recent series is aimed at a better quality of life for the patient. That this attempt is successful is proven by lower post-

Table 3.1 Petroclival Meningiomas: Rate of Total Excision
Authors (Year)

No. of Pts.

Gross Total
Resection (%)

Samii et al (1989)5

24

71

Sekhar et al (1990)6

41

78

18

83

11

82

(1991)7

10

70

Bricolo et al (1992)9

33

79

Al-Mefty and Smith

(1991)2

Misra et al (1991)8
Kawase et al

46

91

Jung et al (2000)16

49

20

(2005)14

137

40

29

41

150

32

46

43

Spetzler et al
Little et al

(1992)10

Mathiesen et al (2007)17
Natarajan et al

(2007)13

Bambakidis et al (2007)18
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Fig. 3.1 The trend in complications after microsurgery in patients with petroclival meningiomas in the author’s series from
1988 through 1997 and then from 1998 to 2006.

operative morbidity rates reported in the recent series. I
have had a similar experience, operating on 81 patients with
petroclival meningiomas, mostly large and giant, between
1988 and 2008. Of the 70 patients treated up to 2006, 58
underwent microsurgery; six of these had adjunct gamma
knife radiosurgery, and primary gamma knife radiosurgery
was the modality used for 12 patients. A comparison of
postoperative function of patients in my series between
those operated on before 1997 (radical excision) and those
operated on in 1997 or later (safe excision with gamma knife
radiosurgery) demonstrated that the morbidity was significantly lower in the latter group (Fig. 3.1).
What happens, then, to the patients with subtotally
excised petroclival meningiomas? One needs to study the
natural history of these lesions, both untreated and partially excised, before arriving at any conclusion, but there
are conflicting data in the literature. The growth pattern
of untreated petroclival meningiomas is unpredictable and
variable, with a radiological progression of 58 to 76%.19,20
But radiological progression does not always correlate
with clinical worsening. Moreover, the clinical progression,
when it did occur, was often mild and not disabling.19 The
growth rate of subtotally resected petroclival meningiomas
without adjunct treatment seems to be low, and there is a
suggestion that recurrence and growth rates are higher if
a large residual tumor is left behind and in younger patients.13,14,16 The recurrence rate after complete and incomplete excision was almost the same, 4% and 5%, respectively,
in the series of Natarajan and colleagues,13 although a large
number of patients with incomplete resection had adjunct
radiation. In summary, many committed skull-base surgeons have a significant number of patients with petroclival meningiomas in their series who undergo subtotal
excision, resulting in reduced overall postoperative morbidity. The recurrence rate after near-total or subtotal excision is not alarming.
Another equally important question is, What constitutes
near-total, subtotal, or partial excision and radical decompression? Although some authors have tried to quantify

these terms, there is no consensus about the use of the terminology. One surgeon’s subtotal resection may be neartotal for another. Although it is critical to have unambiguous
definitions so that meaningful comparisons can be made
across groups, unless these definitions are made based on
the volume of the residual tumor, a fallacy remains. Dogmatic dictums are not going to work, as each surgeon must
discover how far he or she can go without damaging the
patient; hence, the concept of safe radical decompression.
Each series, then, should be followed up with a mention of
residual volume.
Is there a place for “total” excision of petroclival meningiomas then? Yes. An attempt at total excision can be made
in less than 50% of patients. A moderate-sized petroclival
meningioma with a good plane of cleavage from the adjacent neurovascular structures and without a wide attachment can be totally excised, as was done in the patient
illustrated in Fig. 3.2. A planned subtotal excision is the
way to go when the imaging findings suggest an excessive
adhesiveness of neurovascular structures, a pial breach,
brainstem edema, or a wide en plaque attachment of the
tumor involving the exit foramina of multiple cranial
nerves (Fig. 3.3). Similarly, the author recommends leaving an intracavernous extension of the tumor (Fig. 3.4).
Despite all the recent advances in imaging, surprises during
surgery are not uncommon. A seemingly difficult meningioma may occasionally be totally excised, whereas an
“easy” tumor may be only subtotally excised, mainly because of excessive adhesiveness and infiltration of neurovascular structures.

The Role of Radiosurgery
Radiosurgery has become an accepted modality of treatment for patients with petroclival meningiomas, both as
an adjunct to microsurgery and as a primary modality.13,16,17,21–27 Long-term follow-up data now confirm the
tumor control rate of more than 90% reported in earlier
series with shorter follow-up. Zachenhofer and associates26
reported a tumor control rate of 94% in patients with skullbase meningiomas treated with gamma knife radiosurgery
after a mean follow-up of 103 months. Tumor shrinkage and
clinical improvement continued during the longer follow-up
period. Kreil and colleagues22 reported long-term followup of one of the largest series of benign skull-base meningiomas treated with gamma knife radiosurgery. In a series
of 200 patients with a follow-up of 5 to 12 years, 99 were
treated with a combination of microsurgery and gamma
knife radiosurgery and 101 patients underwent primary
gamma knife radiosurgery. The authors reported an actuarial progression-free survival rate of 98.5% at 5 years and
97.2% at 10 years.23 The neurologic status improved in 41.5%,
remained unaltered in 54%, and deteriorated in 4.5% of patients, whereas only five patients (2.5%) required repeated
microsurgical resection. Iwai and associates,24 reporting
the long-term results of low-dose treatment in patients with
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Fig. 3.2a–e Pre- and postoperative magnetic resonance imaging studies from a patient with a petroclival meningioma. (a) Preoperative T2-weighted image. (b) Preoperative T1-weighted image
with coronal contrast. (c) Preoperative T2-weighted axial image
with contrast. (d) Postoperative T1-weighted axial image with
contrast. (e) Postoperative T2-weighted axial image showing total
excision. The patient had no neurologic deficits after surgery.

e

skull-base meningiomas with gamma knife radiosurgery,
reported a slightly lower actuarial progression-free survival
rate of 93% at 5 years and 83% at 10 years.
Some cynics ascribe the control rate of skull-base meningiomas after radiosurgery to a mere function of the
natural history and low growth rate of many skull-base
meningiomas. Yet the same surgeons do not hesitate to
advocate early surgery for small skull-base meningiomas

for better functional outcome. If a pathological entity has
a 10-year progression-free survival rate of more than 95%
as its natural history, it definitely needs no treatment! It is
true that many petroclival meningiomas grow slowly and
may remain static for long periods. I believe it is prudent
to offer a period of observation to asymptomatic or minimally symptomatic patients with petroclival meningiomas,
especially elderly ones, and do neither microsurgery nor

34  

Controversies in Neurosurgery II

a

b

c

d

e

f
Fig. 3.3a–f Magnetic resonance imaging studies from a patient with a huge petroclival meningioma. (a) Preoperative T2weighted axial image showing brainstem edema. (b,c) Preoperative T1-weighted axial images with contrast showing the engulfed
basilar artery and its branches and the cavernous sinus extension.

(d) Preoperative T1-weighted sagittal image with contrast showing an irregular margin of the tumor (red arrow), suggesting pial
invasion. (e,f) Postoperative T1-weighted sagittal and axial images with contrast showing residual tumor, which was treated
through gamma knife radiosurgery.
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d
Fig. 3.4a-d (a,b) Preoperative T1-weighted axial and sagittal
MRIs with contrast showing a large sphenopetroclival meningioma. (c,d) Postoperative contrast-enhanced images showing total

excision of the intradural component. The residual intracavernous
component was treated through gamma knife radiosurgery.

radiosurgery. However, a symptomatic patient with a large
petroclival meningioma who has had a subtotal excision
presents a completely different situation and is better
treated up front with radiosurgery for the residual tumor.17
These patients were symptomatic enough to need surgery
in the first place, and second, very importantly, poor
follow-up in many referral centers led to patients again
presenting with a large recurrence requiring a repeated
microsurgery. For a minimal residual tumor after surgery
and in elderly patients, a watchful-waiting policy rather
than up-front radiosurgery is an equally acceptable option.
Similarly, a patient who has had a petroclival meningioma
for many years before requiring surgery, reflecting a slow
growth rate, can be followed with a scan-and-watch policy
after subtotal excision.
What about primary radiosurgery for petroclival meningiomas? I am not a great fan of this approach because
there is the possibility of a wrong diagnosis and the inability to grade the meningioma. However, I do advise primary
gamma knife radiosurgery in selected patients with a classic imaging morphology, especially in elderly or medically

infirm patients with progressive cranial nerve deficits and
a small-volume tumor based on the bone and dura or presenting en plaque (Fig. 3.5).
What are the risks of radiosurgery? The two main concerns are neurologic worsening and the risk of malignancy.
Radiation-induced worsening is often delayed, requires active medication, and, hence, requires long-term follow-up.
Tissue tolerance to radiosurgery is often dose dependent,
and recent series show that lower dose treatment has reduced the complication rates significantly.17,22,25,28 There
still remains a finite, though small, percentage of patients
who develop neurologic deficits ascribable to radiosurgery.
These instances range from 0 to 6% and occur mainly in the
form of cranial nerve deficits.22–26 Thus, it is critical that
the tumor volume is reduced through safe microsurgery,
the brainstem is decompressed, and any small residual volume is treated with radiosurgery to achieve the optimal
outcome.17,21
The other concern is that of malignancy after radio
surgery, but there is no evidence of this phenomenon other
than what is seen in the general population.25,29
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Conclusion

Fig. 3.5 T1-weighted axial MRI with contrast enhancement
from a 62-year-old woman who had primary gamma knife radiosurgery. Her intractable facial pain disappeared after 4 weeks of
treatment. Four years after treatment, she remains free of pain
and the tumor is stable.

Not all patients with petroclival meningiomas need microsurgical or radiosurgical treatment. Many who come to the
neurosurgeon, however, have advanced disease and need
intervention, though not always without a period of observation. In fewer than half the patients, the meningioma can
be excised totally without aggravating neurologic deficits.
The rest are better managed through subtotal excision. A
majority of patients who have had a subtotal excision are
better treated through up-front adjunct radiosurgery (especially if they were operated on for a large symptomatic
tumor). Some petroclival meningiomas may never need
intervention, and a select group of patients with petroclival
meningiomas is better treated with primary gamma knife
radiosurgery. A flexible approach of individualizing the
treatment protocol for a given patient goes a long way toward satisfying the patient and freeing the surgeon from
guilt. I think I would be comfortable with this paradigm if
I were the patient!

Total Removal of Petroclival Meningiomas
Ian F. Dunn, Rami Almefty, and Ossama Al-Mefty

Case
The contrast-enhanced axial and sagittal magnetic resonance imaging (MRI) of this patient show what appears to
be a petroclival meningioma. There is typical displacement
of the brainstem in the contralateral and posterior direction
and posterior and contralateral displacement of the brainstem. There is also an extension into the posterior cavernous sinus. This patient’s ventricular system above the
aqueduct appears enlarged on the sagittal view, and her
right temporal horn is prominent. Her diplopia is likely
from compression of the abducens nerve and her trigeminal
neuralgia from lateral displacement of the fifth nerve, characteristics consistent with the known growth pattern of
these tumors. Clinically, the status of the patient’s hearing
in the ipsilateral ear is unknown, as is her handedness as a
surrogate for hemispheric dominance. Radiographically, the
patient’s venous architecture, an important consideration
for selecting the approach, cannot be ascertained from
these images, and the basilar artery is difficult to discern.
Moreover, the tumor’s calcification and water content, features that help the physician infer the tumor’s consistency,
are difficult to judge from the images provided.

The Case for Surgery
Petroclival meningiomas are rare, accounting for less than
0.5% of intracranial tumors30 and their surgical anatomy is

also complex. They arise at the petroclival junction, medial
to the trigeminal nerve, and compress the brainstem and
the basilar artery and its perforators to the contralateral
side. They displace the middle cranial nerves and often span
the middle and posterior fossae, occasionally extending into
the cavernous sinus. Consequently, the surgeon’s management of these technically challenging lesions is usually refined over time.
The first decision is whether or not to treat this likely
menopausal patient, whose tumor growth may be slowed.
Although mild diplopia and medically responsive facial
pain are fairly benign and may be managed nonsurgically, a
further clinical decline is inevitable; worsening cranial neuropathies, symptoms of brainstem compression, and manifestations of hydrocephalus will ensue. The patient is young
and treatment of the tumor is most certainly indicated.
The tumor is too large for radiation therapy alone and as
yet there are no meaningful chemotherapeutic treatments.
Contemporary treatment options are radical surgical resection, or a more conservative decompression or debulking followed by radiation therapy to the residual tumor.
Although early reports have shown the feasibility of surgically resecting these formidable tumors,4,31 an emerging
body of literature has endorsed more conservative surgical
approaches coupled with radiotherapy to preserve the
patient’s quality of life. The strategy of using subtotal resection and radiosurgery rests upon the assumption that
the immediate surgical risk and likelihood of cranial neu-
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ropathies are reduced and that radiosurgery is an equal
surrogate for surgery in the long-term management of intentionally unresected tumors. Although some reports are
sanguine about the results,13,14,16,18,32–34 this approach ultimately fails to recognize the serious issue of the long-term
failure to control the tumor after radiosurgery and the potentially aggressive growth pattern of recurrent or residual
tumors.35 The detection of a recurrence as late as 14 years
after the initial radiation treatment highlights the need for
extended long-term follow-up in these patients.35
Anecdotally, we are seeing a surge in recurrent tumors
in patients from various centers around the world who
were treated initially through planned subtotal resection
followed by radiation and who may then have undergone
additional surgery and radiation. In these patients, the surgical landscape is so treacherous, with scar tissue from previous surgery and radiation vasculopathy, that the chance
of cure is essentially lost. Other centers may also be able
to attest to the difficulty of managing tumor growth after
subtotal surgery and radiation. A residual meningioma
may remain stable for some time,36 but some reports suggest that radiation therapy for a residual meningioma offers inadequate long-term control, with a recurrence rate
of up to 75% in one series.37
For this patient, we favor surgery with complete resection as the therapeutic goal, in accordance with Simpson’s
ageless mandate that the likelihood of a meningioma recurrence is directly related to the extent of surgical resection.38

a

Surgery
Multiple surgical approaches have been promoted to attack
these formidable lesions. Essential to the safe and successful removal of these tumors in the petroclival region is the
ability to visualize the tumor and the critical adjacent
neural and vascular structures, direct access to which is
obscured by the petrous temporal bone. General unfamiliarity with this bony anatomy among neurosurgeons has
led to the use of the more traditional suboccipital and
pterional approaches to petroclival tumors.18,39,40 However,
lateral skull-base approaches through the petrous bone have
among their advantages a decreased operative distance to
the tumor and neurovascular structures, improved visualization and illumination, and decreased brain retraction.41
In addition, the access for dissection is improved because of
the lateral and anterior projection to the brainstem. Specific approaches through the petrous bone include removing the petrous apex in the middle fossa approach, resecting
the presigmoid retrolabyrinthine petrous bone in the posterior petrosal approach,4,31 and complete petrosectomy.
Clinical and radiographic factors combine to influence
the choice of the optimal surgical approach. Small tumors
above the internal auditory canal may well be accessed
through an anterior petrosal approach (Fig. 3.6). A posterior petrosal approach is ideal for larger tumors extending
below the internal auditory canal when the patient’s hearing is serviceable (Fig. 3.7). Should a larger tumor extend

b

c
Fig. 3.6a–c A petroclival meningioma of the upper clivus. Use
of the anterior petrosal approach facilitated its safe and total removal. (a) Preoperative MRI. (b) Postoperative MRI. (c) Postoperative computed tomography scan showing the bone removal.

38  

Controversies in Neurosurgery II

b

a

Fig. 3.7a–c A large posterior fossa meningioma extending
below the internal auditory canal in a patient with intact hearing.
Use of the posterior petrosal approach facilitated its safe and total
removal. (a) Preoperative MRI. (b) Postoperative MRI showing
total removal. (c) Postoperative computed tomography scan
showing the extent of bony mastoid removal.

c
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a

Fig. 3.8a–c A large petroclival meningioma extending across
the midline in a patient with intact hearing. Use of the combined
petrosal approach facilitated its safe and total removal.

across the clival midline or into the anterior cavernous
sinus, a combined anterior and posterior petrosal approach
may be used (Fig. 3.8). If the patient’s hearing is lost, additional exposure may be afforded by a complete petrosectomy, sacrificing the labyrinth and cochlea (Fig. 3.9). The
tumor’s consistency may be inferred by the appearance of
calcium on computed tomography scans or by the brightness of the mass on T2-weighted MRI, as an indicator of
water content. Additionally, brainstem edema may suggest invasion of the brainstem pial plane. A rim of T2 signal
between the brainstem and tumor may suggest an intact
arachnoid plane for dissection.
As the tumor in this patient is large and extends to the
contralateral aspect of the clivus and into the posterior
portion of the cavernous sinus, a combined anterior and

c

posterior petrosal approach is an appropriate operative
strategy in the absence of information regarding the patient’s hearing status. The patient is positioned supine with
the head turned to the opposite side and the ipsilateral
shoulder raised. For this combined approach, the skin in
cision begins at the zygoma in front of the ear and arcs anteriorly, curving behind the ear to below the mastoid. The
skin is reflected anteriorly with the temporalis fascia, and
the zygomatic arch is cut anteriorly and posteriorly, allowing maximal inferior reflection of the temporalis muscle.
Posteriorly, the temporalis fascia is taken in continuity
with the sternocleidomastoid muscle, and this combined
flap is taken off the mastoid and posterior fossa. Four bur
holes are made to straddle the transverse sinus, exposing
the sigmoid-transverse junction, and a combined posterior
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Fig. 3.9a,b A large clival meningioma in a patient who had hearing loss. A petrosectomy facilitated the total removal. (a) Preoperative
MRI. (b) Postoperative MRI showing the absence of the tumor and the extent of bony removal.

and middle fossa craniotomy is done. The mastoid cortex is
removed, after which a mastoidectomy is done to expose
the presigmoid dura. The labyrinth is kept intact if hearing
is to be preserved. The facial nerve should be monitored
throughout this drilling. The sigmoid sinus is then skeletonized to the bulb. After the middle meningeal artery is
coagulated, the dura may be elevated from the middle fossa
floor. The petrous apex is exposed after elevating the dura
from the third division of the fifth cranial nerve and exposing the trigeminal ganglion. The petrous apex, from the
trigeminal impression to the internal auditory canal medial to the carotid, is drilled to expose the dura of the posterior fossa.
The dura is opened along the inferior temporal lobe, and
the surgeon can then identify the vein of Labbé and open
the presigmoid dura. The superior petrosal sinus is coagulated and divided and the tentorium cut, with care, parallel
to the petrous ridge to the incisura to avoid the trochlear
nerve. In a combined approach, the tentorium may also be
incised anterior to the incisura, behind the insertion of the
trochlear nerve, to meet the posterior cut. A careful study
of the venous anatomy is critical in this case. Greater risk
may be incurred in patients with a dominant or isolated
sigmoid or transverse sinus on the side of the tumor or
with venous drainage through the tentorium. In the latter
scenario, should the vein of Labbé drain into the tentorium
or superior petrosal sinus before the sigmoid-transverse

junction, the tentorial incision must be made anterior to the
insertion of Labbé, with sparing of the petrosal sinus.4,42

Results
In a recent review of 55 patients with true petroclival tumors followed on average for 4 years—excluding midclival,
sphenopetroclival, and posterior petrosal tumors—grosstotal resection was achieved in 35 patients, including a 72%
gross-total resection rate in patients with a cavernous sinus
extension. A posterior petrosal approach was most commonly used, followed by, in order of decreasing frequency,
the combined petrosal approach, the anterior petrosal approach, and total petrosectomy. The average preoperative
Karnofsky Performance Scale score was 88; the average at
follow-up was 89.
Cranial neuropathy is often noted when surgical debulking is conservative. In our series, 50% of patients experienced
a new postoperative cranial nerve deficit, and 11% experienced deterioration of a preexisting deficit. Of the patients
with new deficits, nearly 25% had no deficits on follow-up.
Specifically, two of three patients with oculomotor deficits,
neither of two patients with trochlear deficits, one of three
patients with a trigeminal deficit, five of nine patients with
abducens deficits, and five of 11 patients with facial nerve
palsies were improved on follow-up. These results suggest that petroclival tumors, with or without a cavernous

3
sinus extension, can be resected with consistency and
that, although postoperative cranial deficits are a frequent
complication, they are often transient and may not be as
detrimental to a patient’s quality of life as some believe.
Patients with residual tumor were followed expectantly.
Among 20 patients with residual tumors, 30% showed progressive growth managed with either radiation or surgery.
Of the 35 patients with gross-total resection, four had tumor
recurrence, one of which was treated with surgery and one
with radiation. Of 55 patients, 52 had a grade I tumor, and
three had grade II and were treated postoperatively with
radiation.
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Conclusion
Once treatment is indicated, meningiomas in the petroclival region should be held to the same standard Simpson
grade applied to all meningiomas: that is, that complete
resection mitigates recurrence. One must accept that not
all petroclival meningiomas may be completely removed,
but this should not alter the surgeon’s goal to fully resect
these tumors. Residual tumor can be followed initially;
subsequent growth or an aggressive pathology may prompt
radiotherapeutic consideration.

Moderator
Management of Petroclival Meningiomas:
Total Removal vs. Subtotal Resection and Radiosurgery
Kadir Erkmen
The role of surgical resection in treating petroclival meningiomas has evolved over the course of neurosurgery.
Originally, these tumors were thought to be unresectable
because of the extremely high rates of mortality.2 At that
time, radiosurgery was not available as an alternative technique for treatment, and most patients succumbed to the
tumor or the surgery that aimed to resect it. Since then,
microsurgical techniques and skull-base approaches have
revolutionized the treatment of tumors that were once
considered inoperable. Indeed, many published series have
shown the feasibility of resection with rare mortality.
These series measured the rates of complete resection, as
well as rates of morbidity, including cranial neuropathies,
vascular and brainstem injury, and cerebrospinal fluid leakage.2,4–6,9,17,31,43–49 Progressive series have shown varying
rates of complete resection and surgical morbidity.
The most recent development with regard to treating
these tumors has once again changed the paradigm. The
idea of “safe resection and radiosurgery” has become commonplace and is increasing in popularity.12,24,50–57 The rationale for such an approach, as detailed in Basant Misra’s
section of this chapter, is that subtotal resection followed
by radiosurgery controls the tumor while minimizing morbidity. The alternative approach is to totally resect these
tumors, optimizing patient outcomes by improving surgical techniques and technologies.
I have been asked to referee the discussion of whether
petroclival meningiomas are best treated with the goal of
complete resection or with the goal of safe resection followed by radiosurgery. This is a difficult task because there
is no consensus on the topic and there are no long-term
studies comparing large numbers of patients treated with

these approaches that evaluate and compare morbidity
rates, the risk of recurrence, and the quality of life for patients. In essence, all arguments made in favor of either
side of the argument are based on the vast personal experience of the senior authors of the chapters and cannot
be “proven” with clear evidence from the literature. Misra’s
section of this chapter discusses the change in his approach
based on changing trends in the literature, as well as a
change seen in the results of his personal series of patients
in more recent years since he adopted the new paradigm.
He reviews the rates of recurrence of residual meningiomas
and discusses the published control rates of meningiomas
with radiosurgery. Ian F. Dunn and colleagues’ section describes the approach to these tumors based on results and
a critical evaluation of side effects in their series of patients, and reviews skull-base approaches for resecting
these tumors.
I will first identify the areas of agreement between the
authors before their differing views diverge. I will then
identify where the authors disagree and consider the rationale for their views. Finally, I will describe my approach to
these tumors, and try to justify these ideas through the
arguments presented.
Misra and Dunn very clearly and carefully identify the
salient points of both views. Both state that complete resection of the tumor is optimal when it is possible. This
idea was clearly demonstrated in 1957, in the landmark
paper by Simpson,38 which noted that the risk of recurrence of meningiomas is directly correlated with the extent
of resection. The importance of complete resection to minimize the risk of recurrence has been shown in more recent
series as well.58–61
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Misra and Dunn also agree that the complete resection
of petroclival meningiomas is not always feasible because
of the involvement of critical neurovascular structures or
the lack of resectability of the tumor. These characteristics
vary between tumors and are usually not predictable on
preoperative studies. As Misra stated, some tumors that
seem to be complex on preoperative MRI studies are surprisingly resectable, whereas some tumors that appear to
be straightforward are not. The degree of resectability relates primarily to the firmness of the tumor as well as to its
adherence to cranial nerves and vascular structures. With
these ideas as common ground, we can evaluate where the
authors differ in opinion.

The Goal of Surgery
Dunn and Al-Mefty argue that the goal of surgery should
always be complete resection, whereas Misra argues that
the goal of surgery should be safe debulking or subtotal
resection. This is a difficult idea to referee because it truly
represents the surgeons’ philosophy toward their patients
with this complex tumor. If we consider the idea that the
authors agree on as a basis for discussion, that complete
removal is optimal but not always possible, then I disagree
with all of them regarding their philosophy. First, because
complete removal is not always possible, as Dunn and
Al‑Mefty show in their series, the idea that complete resection should be done for all patients does not follow. Having
worked closely with Al-Mefty, I am aware that his approach
is not to remove the entire tumor regardless of morbidity
or cost to the patient, but to attempt a complete resection
for every patient by optimizing the surgical conditions. He
does this by establishing extensive surgical corridors, utilizing available technologies including neuronavigation,
neuromonitoring, and endoscopy, and performing delicate
microsurgery based on a mastery of anatomy, physiology,
and biology. Conversely, because we agree that complete
tumor removal is optimal, an approach that starts with the
idea of subtotal resection does not give the patient the benefit of an attempted complete resection. Although I realize
that Misra is not arguing for subtotal resection in all patients,
even when a complete resection is possible, the primary
goal before surgery should not be subtotal resection.
The unintended consequences of such an approach are
that neurosurgeons who read these chapters may believe
that complete resection is not required, and thus neither
is formal training in skull-base surgery or a mastery of the
anatomy and approaches required to do these surgeries
safely. The dangerous trend I see with this way of thinking
is not the outcomes in patients when treated by experienced skull-base surgeons such as Misra, but the outcomes
that occur when less-experienced surgeons, or those who
do not have an understanding of the anatomy, biology, and
skull-base techniques, feel liberated to take on these challenging cases because the expectation and acceptable goal
of surgery is debulking of the tumor. This paradigm leads
to inappropriate surgery by inexperienced surgeons. Over

the years, I have seen an increasing number of patients referred for postoperative radiosurgery after debulking of a
petroclival meningioma who have had significant morbidity without the benefit of a complete resection, or who have
merely had a glorified biopsy and would not be acceptable
candidates for radiosurgery because of persistent brainstem compression by the tumor. In these scenarios of major
residual tumor, a repeated surgery is often required before
radiosurgical alternatives can be considered (Fig. 3.10).
Surgical complexity and morbidity increases significantly
in patients who have had prior surgery, and thus the patient is exposed to the additional risks of a second surgical
procedure under suboptimal conditions because the initial
treating surgeon misunderstood the concept of subtotal resection followed by radiosurgery.

A Compromise Approach
As a compromise between viewpoints, I propose the following as a philosophy or approach to these tumors, to
maximize surgical resection (Fig. 3.11). This idea requires
that an attempt be made at complete resection using all of
the advantages available for skull-base surgery as detailed
above, but with the recognition that it is not possible to
completely resect the tumor safely in all patients62 (Fig.
3.12). Whether this approach results in complete resection
in 40% or 80% of patients is not important, because each
case is unique and referral patterns and tumor types vary
between centers and surgeons. What this idea cautions
against is surgery to debulk a tumor that might be completely resectable by experienced hands or surgery for
these tumors without preparation or optimized conditions
with the excuse that complete resection is not required.
In Misra’s hands, this approach is safe, but when surgery
is done by inexperienced surgeons without skull-base techniques or an understanding of the anatomy, with the goal
of simply debulking the tumor, I would argue that surgery
is not safe. Surgery in these situations exposes the patient
to risks, as in the case shown in Fig. 3.10, in which a patient
with preoperative signs of brainstem compression from a
large petroclival meningioma was treated through a sub
occipital approach for a tumor with ventral compression of
the brainstem. The surgeon’s rationale for not using a petrosal or other appropriate skull-base approach was that it
would take too long and that his goal was to debulk the
tumor before radiosurgery. In reality, the likely reason was
that the surgeon was not familiar with such approaches
because treating petroclival tumors was not a typical part
of his practice. The surgery was done through suboptimal
exposure by a surgeon without the necessary knowledge
and experience who felt able to do this surgery as the goal
was to “safely” debulk the tumor.
The idea that optimal treatment involves “safe” surgery
followed by radiosurgery is also misleading. I would argue
that all surgery should be safe regardless of the extent of
resection. Indeed, multiple series have shown that petroclival meningioma surgery can be done safely.4,5,9,43–45,48,49
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Fig. 3.10a,b Preoperative (a) and postoperative (b) MRI scans
from a patient with a large petroclival meningioma after partial
resection through a retrosigmoid approach. The patient was referred for radiosurgery to treat the residual tumor. Based on the

significant residual tumor and compression of the brainstem, this
patient required a repeated surgical resection, at which time the
tumor was completely removed.

The most common morbidity that remains in petroclival
surgery done with modern techniques is cranial neuropathies. A patient who has a large petroclival meningioma
who has undergone complete resection and who has a
temporary sixth nerve palsy has indeed had “safe” surgery.
In most cases, new cranial neuropathies are temporary,

as stated by Dunn and Al-Mefty, and complete resection of
the tumor in these cases represents safe surgery. The most
frequent preoperative symptom in these patients is cranial
neuropathy, and most patients who have subtotal resection
followed by radiosurgery also have either preoperative or
postoperative cranial neuropathies, or both.28,53,54,57
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Fig. 3.11a,b Preoperative (a) and postoperative (b) MRI scans
from a patient with a large petroclival meningioma who had complete resection. The patient had no neurologic deficits postoperatively. The patient was referred for evaluation with an “inoperable” tumor because of a cavernous sinus extension. At surgery,
the tumor was found to be expanding Meckel’s cave and was

Risk of Recurrence
The next point of discussion involves the risk of recurrence
of small residual meningiomas after resection. Meningiomas in the skull base, including petroclival tumors, grow
slowly and are more likely to be benign than are convexity
or parasagittal meningiomas. Small residual tumors after
maximal resection likely would behave similarly. Indeed,
the risk of recurrence of small residual meningiomas over
long-term follow-up is low.36 Recurrence is seen in patients with rare tumors that recur and grow in an unrelenting pattern and continue to grow despite radiation. The
radiosurgical literature shows that the recurrence rate of
postsurgical meningiomas is higher than for those treated
up front.53,54 Some of the proponents of radiosurgery argue
that this difference results from the difficulty in targeting
postoperative meningiomas. Alternative reasonable conclusions are that tumors that grow to the point of needing
resection may have a propensity to grow, and that the residual after surgery has the same propensity. The results
of up-front radiosurgery likely define much of the natural
history of meningiomas. A high percentage of meningiomas do not grow on serial imaging, and if one were to treat
all me
ningioma patients with radiosurgery, the results
would be biased to demonstrate the success of treatment

completely resectable without initiating cranial neuropathy. This
patient benefited from the maximal surgical resection paradigm
and would not need radiation. A “safe surgery and radiosurgery”
approach would likely have left residual tumor, and the patient
would have had the added risk of radiation and possible delayed
recurrence.

because a large number of cases have a benign course of
no growth. Thus, I agree with Misra’s statement that radiosurgery is not optimal as the initial treatment of a meningioma. I disagree, however, with his use of the control
rates quoted in radiosurgical articles to justify subtotal resection. Closer examination of these articles reveals lower
rates of control with postsurgical cases, and these rates in
fact are not significantly different from the control rates
of postsurgical cases without postoperative radiosurgery.36
Recently presented data also show that meningiomas that
grow before radiosurgical treatment have poor control
rates, significantly worse than treated tumors without
prior evidence of growth.63 Petroclival meningiomas that
require surgical resection are typically growing preoperatively and would likely be in the category of tumors that
have poor control rates with radiosurgery. Based on all of
these data, I would not advocate radiosurgery as the frontline treatment for patients with meningiomas, and because
the control rates with radiosurgery are poor in postop
erative and in growing meningiomas, I would not advocate
intentional subtotal resection with a plan to rescue with
radiosurgery.
Radiosurgery is also not without complications of its
own. The treatment of residual tumor with radiosurgery
subjects the cranial nerves and brainstem to risk.28,29,35,64–73
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Fig. 3.12 Multiple plane MRI scans of a patient with an unresectable meningioma. The patient presented with bilateral sixth nerve
palsy, a visual field deficit in the left eye, and panhypopituitarism.
In this patient, the surgeon should not attempt total resection because the bilateral carotid arteries and basilar artery are encased

In fact, these risks may be increased in postoperative patients. The difference may lie in the fact that most radiosurgical complications are delayed months to years after
treatment, whereas deficits after surgery are immediate
and improve over the ensuing months and years. The treatment paradigm that incorporates “safe” surgery followed
by radiosurgery may be trading risks on the day of surgery
for delayed complications. Longer term studies are required
to fully elucidate the long-term effects of radiosurgery in
these patients. In addition, the location of residual tumor
in patients who had deliberate subtotal resection is likely
to be a high-risk location for radiosurgery. Indeed, the surgeon who performs a subtotal resection of a petroclival
meningioma will leave the residual in the highest risk locations and those most difficult to reach. These include the
cavernous sinus, the clivus, the interface with the brainstem, the basilar artery, or cranial nerves. These same locations are the sites of highest risk for radiosurgery, with
well-studied maximum tolerated doses at the brainstem,
optic apparatus, and cavernous sinus. Although the overall volume of the tumor may be decreased, the highest
radiation risk locations remain for radiosurgery.
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and the bilateral cavernous sinuses are involved. Because complete resection is not possible, the goal of surgery for this patient
is to decompress the brainstem and optic apparatus to prevent
visual loss.

Outcome Studies
Recently, the published literature on the treatment of petroclival meningiomas has indeed shifted toward the paradigm of incomplete resection and radiosurgery. The fact
that more papers are published with this idea does not
justify the idea. A study comparing long-term outcomes
in patients treated with both approaches would be the only
data that could show the superiority of one paradigm over
the other. Such a study is unlikely to be performed, and thus
a definitive answer seems undeterminable.
The radiosurgical literature is also changing over time.
Proponents cite high control rates that were seen in studies
performed when higher doses of radiosurgery treatment
were standard. In those series, however, complication
rates were higher.12,17,53,54,57 Over the years, as radiosurgery
treatment has evolved, patients are being treated with
lower radiation doses to minimize risks and complications.
At the same time, it is likely that control rates will decrease
with the lower doses. It is important to consider both control rates and complications in patients who have had the
same dose of radiation. Proponents of radiosurgical treat-
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ment often cite the control rates of higher dose radiosurgery series while using the safety parameters with more
recent reports of lower dose radiosurgery.
With these arguments, I am not a proponent of deliberate subtotal resection with the goal of using radiosurgery
for residual disease. This does not mean, however, that
there is no role for radiosurgery or radiation therapy in the
treatment of petroclival meningiomas. For patients with
residual disease after attempted maximal resection, our
practice has been to follow these patients closely with serial MRIs. For the small percentage of patients who have
growth of a residual meningioma after surgical resection,
radiosurgery is a good adjunct to treatment. A large series
of skull-base meningiomas with this treatment paradigm
showed that only a small percentage of residual menin
giomas progress after resection.36 The reason for this is
unclear because most of these tumors showed growth preoperatively, prompting surgical resection. One hypothesis
is that, with maximal resection, the areas of residual tumor
may have lost their vascular supply because of the resection
of involved tentorium, hyperostotic bone, or other structures. In effect, the surgery removes the large mass and has
an effect on controlling the residual tumor. This hypothesis
has not been proven, however, but seems plausible as a description of the mechanism of rare growth in postoperative
tumors. Residual tumors that do show growth on followup imaging may be optimal to treat with radiosurgery.

Radiation therapy also has a role in treating atypical and
malignant meningiomas after resection. These tumors have
a high recurrence rate despite maximal surgery and patients benefit from postoperative radiotherapy.

Conclusion
There is no clinical trial that answers the question of
whether radical surgery or deliberate subtotal resection
followed by radiosurgery is the optimal treatment plan for
patients with petroclival meningiomas. I propose the middle road, in which maximal resection is done with the goal
of complete resection when possible. This approach requires training, knowledge, and skill in skull-base and
microvascular techniques to achieve optimal outcomes for
patients.62 For patients in whom complete resection is not
possible, I would favor close radiographic follow-up of residual disease, with radiosurgery reserved for patients with
atypical or anaplastic tumors or those with demonstrated
growth of residual disease on follow-up MRIs. This approach
provides patients with the benefit of attempted complete
resection, and exposes them to radiation only in the rare
scenario of a growing residual meningioma. Further research is needed to improve the care of these patients with
this complex problem. This research may be in the form of
new surgical techniques or novel surgical approaches or the
increasing understanding of tumor biology and genetics.
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Chapter 4

Management of
Incidental Meningiomas

Case
A 39-year-old woman came to medical attention with headache. The magnetic resonance images show
a meningioma of 1.5 cm in the maximum diameter.

Participants
Observation of Incidental Meningiomas: Mohamad Abolfotoh and Ossama Al-Mefty
Stereotactic Radiosurgery for Small Meningiomas: Toshinori Hasegawa
The Role of Microsurgery in the Management of Small Skull-Base Meningiomas: Luis A.B. Borba and
Daniel D. Cavalcanti
Moderator: Management of Incidental Meningiomas: E. Antonio Chiocca
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Observation of Incidental Meningiomas
Mohammad Abolfotoh and Ossama Al-Mefty

Images of the Presented Case
The magnetic resonance imaging (MRI) study of the patient
presented shows a small enhanced lesion in the cerebellopontine angle (CPA) cistern measuring 10.5 × 16 mm in
axial views. This lesion is dural based and isointense on
T2-weighted images, excluding the possibility of a vestibular schwannoma or any of the rapidly growing lesions that
might mimic a meningioma. According to the available
clinical and radiological data, this lesion is likely to be an
incidentally discovered CPA meningioma.

Incidentally Discovered Meningiomas
Although the exact definition of (asymptomatic) incidentally discovered meningiomas (IDMs) remains unclear,1
the term refers to meningiomas discovered during a brain
workup for any reason other than a known specific clinical
presentation of a detected tumor,2–5 related to neurofibromatosis type 2, present as a part of multiple meningiomas,
or induced by radiation.5 The rate of incidence of asymptomatic meningiomas has increased in the past decade,
clearly because of the availability of, and advances in, diagnostic techniques.1,6 These meningiomas now account for
almost half of diagnosed meningiomas.5

Clinical Picture of the Presented Case
As this patient had only a headache, we could not immediately determine that this small lesion was the cause of her
symptoms. Headache is a common presentation for relatively large CPA meningiomas7 but is uncommon for smaller,
premeatal, or intracanalicular ones.8,9 Headache has never
been postulated to be the specific or the main presentation
for small CPA meningiomas.7–9 The meningioma in the images appears to be a premeatal type of CPA meningioma,
which is nearly always discovered early and is consequently
small at the time of diagnosis. It does not commonly pre
sent with headache, but instead with symptoms of fifth,
seventh, and eighth cranial nerve involvement.7,10,11
Headache and dizziness are the most common reasons
for brain imaging that leads to the discovery of IDMs.2–4
Many authors investigating IDMs believe them unlikely to
cause headache, as these tumors are always small without
causing mass effect.2–4,12 Thus, for this patient, our approach would be based on the diagnosis of an IDM.

Conservative Treatment
With the exception of IDMs in certain locations such as the
tuberculum sellae, we recommend conservative follow-up
for asymptomatic IDMs, especially many skull-base IDMs,
as some reports indicate that most are World Health Orga-

nization (WHO) grade I and are indolent in nature.13–15
This recommendation is based on experience and a review
of the literature. To the best of our knowledge, studies
of IDMs overwhelmingly have recommended conservative
close follow-up.1–3,12,16–22 Recent criteria for managing IDMs
have suggested observation for asymptomatic lesions in
patients regardless of age, but for growing lesions in patients age 65 years or younger, surgery is recommended
regardless of the size of the tumor.6
The rationale for conservative treatment of IDMs is that
it defers the risks of intervention in asymptomatic patients.23 However, although the risk is lower in young
patients with relatively small lesions, like the patient described here, it is still not negligible. Nakamura and colleagues3 concluded that most asymptomatic meningiomas
show only minimal growth and may be observed without
any surgical intervention, but close observation is recommended in young patients because of the higher tumor
growth rates in this age group.
Conservative management (observation) is the initial
treatment option for elderly patients, for medically unstable patients with small tumors and mild, stable symptoms,
and for those who are unwilling to undergo surgery.7 The
dilemma for neurosurgeons is the treatment of young people who are medically fit for surgery. Asymptomatic young
persons (such as the present patient) can be followed, with
intervention necessary only when symptoms appear or
when progressive growth is documented.

Follow-Up Protocol
The radiological diagnosis of meningiomas is usually
straightforward. Other more aggressive lesions can mimic
meningiomas, however, so close clinical and radiological
follow-up is mandatory when giving the patient the conservative option of observation.4,6
Once a meningioma is discovered, we schedule followup scans at 3 and 9 months, and then yearly or perhaps
every other year if the patient’s condition is stable for 5
years. The importance of the early first MRI (after 3 months)
is to exclude rapidly enlarging meningiomas or any other
aggressive lesion that may mimic a meningioma. This follow-up protocol is more or less similar to other protocols
reported in the literature.4,16 It is critical to compare the
last study to the previous ones, particularly the original or
even an earlier prediagnostic study. Comparing the latest
study to only the preceding one might be misleading and
could miss significant changes that have taken place over
time. During the follow-up period, if the lesion has begun
to enlarge but is still asymptomatic, we do an MRI study
every 6 months; if the lesion shows significant progressive
growth, we proceed with surgical treatment (Fig. 4.1). At
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Fig. 4.1 Enhanced serial axial and coronal magnetic resonance imaging (MRI) studies of a 50-year-old man showing the progressive
growth of a left frontal incidentally discovered meningioma (IDM) over 2 years. This progression led to the decision for surgical
excision.

any time during the period of observation, if specific symptoms appear (Fig. 4.2) or progressive growth is documented
(Fig. 4.3), we prefer to proceed with surgery, but many untreated lesions might show no growth over a long period
of time (Figs. 4.4, 4.5).

Discussion
Before treating IDMs, one should understand their natural
history and rate of growth, along with other factors that
might influence the decisions regarding management. We

Fig. 4.2 Enhanced serial axial MRI studies of a meningioma in the left cavernous sinus of a 42-year-old woman show progressive
growth of the tumor, which became symptomatic and has been operated on.
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Fig. 4.3 Enhanced serial axial MRI studies of an IDM in a 24-yearold man. The tumor related to the petrous apex and showed rapid
growth over a period of 2 years, requiring close follow-up and

then surgery. The MRI study done in 2001 for nonspecific symptoms showed no abnormalities.

classify factors affecting the management of IDMs into
three groups:

on 75 patients older than 60 years who underwent surgical resection of intracranial meningiomas, 21% of which
were asymptomatic. Perioperative morbidity was 48% and
operative mortality was 6.6%. Thus, there is agreement
among neurosurgeons that conservative management is
the first choice of treatment for elderly patients with IDMs
that are asymptomatic or even those that cause mild, stable
symptoms.6,7,18
The debate is about how to manage asymptomatic IDMs
in younger patients, as it is now well known that higher
growth rates of meningiomas are associated with the patient’s young age.5,6,12,16 Nevertheless, for us, this fact is not
sufficient to warrant radiation or surgery. Understanding
the natural history of the growth of IDMs is key to making
the decision.
In young people with asymptomatic lesions, although
the risks associated with surgery are fewer than in the
elderly, conservative management is still our initial choice,
as IDMs rarely become symptomatic within a follow-up
period of 2 years or less.5 Many authors have found observation acceptable if a patient has an asymptomatic IDM, is
under the age of 60, and is reluctant to undergo surgery or

1. Patient factors: the patient’s age, overall health, and fitness for surgery
2. Tumor factors: the location, size at diagnosis, radiological aspects, natural history, and rate of growth
3. Circumstances: the experience of the neurosurgeon and
the availability of treatment facilities, which increase
the chance of a good outcome and minimize morbidity.
Nonetheless, the management of IDMs should be determined on an individual basis, case by case, because all
these factors must be considered in the decision-making
process.17 The age of the patient is the most important factor because the growth rate of IDMs in the elderly is very
slow.1,3,4,6,16–19 Rubin and colleagues12 found that older age
was significantly related to a low rate of tumor growth;
every additional year in the patient’s age decreases the risk
of tumor growth by 8%, a fact that agrees with most previous studies.1,3,18,20
In addition, the risks associated with surgery are much
greater in older patients. Awad and associates24 reported
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Fig. 4.4 Enhanced axial MRI studies of a small IDM in a 63-year-old woman. The tumor relates to the petrous apex and has a large
central area of calcification. It showed no growth over a period of 8 years.

is not in optimal medical condition, as even tumor growth
is usually not associated with morbidity.2,4,12,18,25
Before the turn of the 21st century, we knew little about
the natural history of IDMs. Now the picture is getting
clearer (Table 4.1), but the definition and methods of calculating tumor growth still vary. In volume measurement
studies, an annual growth rate of more than 1 cm3 per year
or a volume increase of greater than 15% are considered to

indicate tumor growth. In diameter measurement studies,
growth has been defined as a change in tumor size of 2 or
5 mm, or even any measurable change.5 In early studies,
a large diameter was used to determine tumor size. This
method may be useful for judging the treatment response
of gliomas to adjuvant therapy, but it is not accurate for
evaluating the exact increase in the volume of skull-base
meningiomas because of their complex shape; these tu-

Fig. 4.5 Enhanced axial MRI studies of a right posterior cavernous IDM in a 68-year-old woman. The tumor showed no growth over a
period of 8 years.
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ND

Growth
Cases (%)

3.8e

5.4 ± 2.8 (1.2–10.4)

3.3 (1.0–10.3)

7.8 (5.0–13.6)

5.9 (4.2–8.7)

5.6

3.6 (0 .5–8.8)

4.2 ± 0.7 (0.5–17)

3.2 (0.5–8.1)

2.3 (1.0–8.0)

5.1 (0.4–15.2)

7.9 (3.3–11.5)

2.7 (0.5–15)

1.8 (0.2–7.4)

Average Follow-Up
Year (Range)

0.54 cm3 <60 years
0.83 cm3 >60 yearsf

4 mm

15–25%

1.9 mm (0.42–11.47)

0.31 cm3 (0.22–0.40)

3.9 ± 3 mm

0.796 cm3

5.3 ± 2.1 cm3

0.08 cm

ND

12% (1.2–25.6%)

2.43 cm3

0.24 cm

3.60% (0.5–21.0%)

Tumor Growth Rate
Per Year

Source: Adapted from Yano S, Kuratsu JI. Natural course of untreated meningiomas. In DeMonte F, McDermott MW, Al-Mefty O, eds. Al-Mefty’s Meningiomas, 2nd ed. New York: Thieme, 2011:63–67.5 Reprinted
by permission.

Abbreviation: ND, no data (the variant was not done in the study).
aPatients were older than 70 years.
bGrowth was defined as an increase of tumor volume of more than 1 cm3 per year.
c66% of growth rates were less than 1 cm3 per year.
d Volume in 154 tumors.
eOnly for group showing linear growth, and at least 1 year of follow-up of all patients.
f The number of growing lesions was larger for patients under the age of 60 years.

19.8 ± 10.9 mm (4–7 mm)

6.56 cm (0.27–17.4 cm)

17 ± 8 mm (3–45 mm)

9.0 cm3

ND

2.60 cm

40a

Niiro et al18
(2000)

ND

9.75 cm3

63

Kuratsu et al28
(2000)

1 (3.1)

2.06 cm (1–7 cm)

32

1 (20.0)

None

ND

Patients Becoming
Symptomatic (%)

Go et al20
(1998)

ND

4.7 cm3

17

Initial Tumor Size
(Range)

Firsching et al2
(1990)

Author, Year

No. of
Cases

Table 4.1 Reported Rates of Tumor Growth, Initial Size, Rate of Symptomatic Change, and Predictive Factors for Tumor Growth
for Untreated Incidentally Discovered Meningiomas (IDMs)
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4
mors may grow in any direction.1,4,18 Volumetry appears to
reflect the tumor’s size more accurately than does measuring the diameter because it is applicable to irregularly
shaped tumors. For that reason, it has been used in recent
studies to evaluate lesion size.1,3,16,21,26 In practice, we still
usually rely on measuring the maximum tumor diameter
in two directions. This method is practical and less timeconsuming than volumetry in the clinical setting; we also
believe that a very small increase (even in diameter) can
cause symptoms and may change the treatment options.
Herscovici and associates17 found that 32 of 51 IDMs
showed no growth at the end of follow-up (mean 67
months). However, the percentage of patients who showed
tumor growth by the end of follow-up ranges from 0 to
44% across the literature (Table 4.1).27,28
The IDMs do not always follow an exponential growth
pattern, but always exhibit complex patterns of growth
(Fig. 4.6). Nakasu and associates26 reported that benign
meningiomas grow exponentially, linearly, or not at all.
Hashiba and colleagues1 noticed similar results in their
large series of IDMs, also suggesting that some tumors
show a complex pattern of growth throughout follow-up.
Thus, a tumor might grow exponentially in its early stages,
linearly in the intermediate stage, and finally reach a plateau at the terminal stage (Fig. 4.6).
This argument means that the tumor doubling time or
annual growth rate calculated by observation over a short
period of time may not predict the growth potential and
natural history of a tumor over the life of the patient.1,22 For
this reason, we do not start intervention for asymptomatic
IDMs until after the appearance of new, specific symptoms
or if the tumor shows a progressive and significant increase
in size on serial follow-up scans.
In the published literature, neither the patient’s sex nor
the tumor location was found to predict the growth of an
IDM; however, it is well known that skull-base IDMs grow
slowly. Van Havenbergh and colleagues19 retrospectively
studied the natural history of 21 conservatively treated
petroclival meningiomas and indeed found them to be
slowly growing tumors. Growth rates were higher among
patients with small meningiomas, although the growth
index was not significantly correlated with the tumor’s diameter or volume at the time of diagnosis. The site of the
tumor is important in the decision for intervention. For
example, tuberculum sellae meningiomas are known to
be associated with visual deterioration within a relatively
short time, even when the tumor is less than 2 cm,5 which
justifies resection at their discovery. The surgical removal
of a convexity meningioma is associated with minimal risk,
which indicates the need to proceed with surgical excision
at discovery or whenever the meningioma shows enlargement in young patients (Fig. 4.1). A concern over the probable aggressive nature of falcine meningiomas (particularly
in males) is also indicative of early intervention.
The predictive value of a larger tumor size at diagnosis
remains controversial.12,19 Nakamura and associates3 concluded that the initial tumor size is not a predictive factor
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Fig. 4.6 A simple schematic diagram showing the different
growth patterns of meningiomas: linear growth (red line), plateau (blue line), exponential (green line), and complex pattern
(black line). (Adapted from Hashiba T, Hashimoto N, Izumoto S, et
al. Serial volumetric assessment of the natural history and growth
pattern of incidentally discovered meningiomas. J Neurosurg
2009;110:675-684. Reprinted by permission.)

for tumor growth, but the tumor’s size at presentation is
considered a risk factor for the development of new symptoms, as meningiomas smaller than 2.5 cm usually remain
silent during the next 5 years of follow-up.12,29
Calcification may be the most significant predictive
factor of slow tumor growth.5 Many authors have pointed
out that meningiomas without calcification on imaging
are more likely to progress than are calcified meningiomas.1,3,18,20,25,26 Herscovici and colleagues17 found that 10
out of 28 nongrowing tumors had calcification. Thus, calcification allows a more conservative approach12 (Fig. 4.4).
Oya and coworkers16 analyzed data on 244 patients with
273 conservatively treated tumors; their results suggest
that hyperintensity on T2-weighted MRI is associated with
a higher rate of tumor growth.
The question is, Why do we not recommend primary
radiosurgery for such tumors? In reviewing the literature,
we found that the control rate of meningiomas after stereotactic radiosurgery does not look much different from the
natural history of untreated IDMs. Moreover, the growth
pattern of such meningiomas after failed control with radiosurgery is worse than the natural history of untreated
meningiomas.30 It has been confirmed that the long-term
follow-up of radiosurgery shows a continuous decline in
control rates over time. A study of the Kaplan-Meier curve
provided in the large series of radiosurgery for posterior
fossa meningiomas by Starke and associates31 demonstrates
that the control rate is 50% or lower by 15 years. A retrospective study comparing the Sheffield, England, database
of radiosurgery-treated patients with national mortality
and cancer registries showed an actuarial mortality of 47%
at 15 years among patients treated with the gamma knife,
with the progression of the meningioma listed as the cause
of death in 69% of patients.32 These results indicate that the
effect of radiosurgery at best (the term effect) is x number
of years of delaying the progression of these meningiomas.
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Kondziolka and colleagues33 have one of the largest series
of stereotactic treatment of meningiomas over a period
of 20 years. They treated younger patients with minimal
symptoms and those who were asymptomatic but decided
against observation. Unfortunately, the outcomes in these
two groups were not separately identified. In our experience, surgery after failed radiosurgery is not as straight
forward as surgery on untreated tumors, but confirmatory
reports are not found in the literature. In our practice, surgery after radiation is always associated with a higher risk
of complications (especially cranial nerve palsies) and the
lower success of tumor resection because of loss of the
arachnoidal plane and adhesions to vital structures. So we
recommend observing IDMs until they need intervention,

at which point we recommend surgical resection if the patient is in good medical condition and has agreed to surgery after discussing other options.

Conclusion
Based both on an intensive review of the literature and on
our own experience, we recommend beginning with conservative management for patients with asymptomatic IDMs,
with some exceptions. Because radiosurgery is not without
risks (including associated morbidity), and its benefits are
time-limited, we are not in favor of the primary treatment
of IDMs with radiosurgery when progression has not been
documented.

Stereotactic Radiosurgery for Small Meningiomas
Toshinori Hasegawa

Treatment Options
The presented case is that of a 39-year-old woman with
headache, indicating an incidentally found small petrous
meningioma. The treatment strategy for this case includes
three options: wait-and-see, microsurgery, and stereotactic
radiosurgery. The aim of treatment is not to eliminate this
tumor but to achieve tumor control during her lifetime
without any neurologic deficits.

The Wait-and-See Strategy
Because this patient has no neurologic deficit at presentation, the wait-and-see strategy with periodic radiological
studies can be a reasonable treatment option. When the
tumor shows growth on the follow-up studies or causes
neurologic deficits, it should be treated through either a
craniotomy or radiosurgery. Jo and colleagues34 showed
that 24 of 77 patients (31.2%) with asymptomatic meningiomas had their tumors progress during a mean follow-up
period of 5 years. In their series, the 5-year actuarial tumor
progression rate was 38%. Van Havenbergh and colleagues35
also reported the natural history of 21 patients with petroclival meningiomas, observing that 76% of patients had
tumor growth during the follow-up period of 48 to 120
months, and 63% of the growing tumors caused functional
deterioration. Considering the patient’s age and the natural
history of meningiomas, early intervention may be recommended because the risk of morbidity after treatment is
considered higher in patients with symptomatic meningiomas than in those with asymptomatic ones. Thus, to avoid
morbidity either microsurgery or radiosurgery should be

done before the progressive infiltration of cranial nerves or
major vessels.

Microsurgery
Surgical resection is the most common treatment for young
patients harboring meningiomas. The recent results of
surgical resection have improved with the introduction of
microsurgery, refinements in microsurgical techniques, and
the use of navigation and monitoring systems, in addition
to the development of various neuroimaging modalities,
such as MRI, since Simpson36 published the postoperative
recurrence rates of intracranial meningiomas in 1957. Most
recently, Sughrue and associates37 documented the results
of 373 patients who underwent initial resection for meningiomas of WHO grade I. With modern microsurgical techniques, the 5-year recurrence and progression-free survival
was 95%, 85%, 88%, and 81% for patients achieving Simpson
grades I, II, III, and IV resections, respectively, with a median follow-up of 3.7 years. Even patients who underwent
Simpson grade I resection by experienced neurosurgeons
have a 5-year recurrence risk of 5%. The duration of followup is too short to evaluate the true recurrence rate of benign meningiomas in this series, and the recurrence and
progression rates are actually predicted to increase over
time. The advantage of surgical resection is the ability to
confirm the lesion with histological examination.
In recent decades, stereotactic radiosurgery has emerged
as a minimally invasive treatment for patients with intracranial lesions. Pollock and colleagues38 compared the tumor
control between surgical resection (n = 136) and stereotactic
radiosurgery (n = 62) in 198 patients with small to medium-
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Table 4.2 Characteristics of the 149 Patients Treated with
Gamma Knife Radiosurgery at the Author’s Institute

Table 4.3 Tumor Locations in Patients Treated with Gamma
Knife Radiosurgery at the Author’s Institute

Variables

No.

%

Location

No.

%

Age (years)

Range 15–91

Median 54

Parasagittal

   8

  4.9

Men/women

41:108

28: 72

Falx

  9

  5.6

Cerebral convexity

  9

  5.6

No. of prior surgeries
0

70

47

Sphenoid ridge

15

  9.3

1

52

35

Olfactory groove

  2

  1.2

2

16

11

Optic sheath

  2

  1.2

≥3

11

7

Tuberculum sellae

  3

  1.9

Follow-up (months)

Range 3–193

Median 126

Lateral ventricle

   8

  4.9

≥ 5 years

106

74

Third ventricle

  1

  0.6

≥ 10 years

82

57

Cavernous sinus

29

17.9

Tentorial

13

   8.0

  1

  0.6

29

17.9

Falcotentorial

sized benign meningiomas. The progression-free survival
after radiosurgery was equivalent to that after Simpson
grade I resection, whereas radiosurgery provided higher
progression-free survival than Simpson grade II, III, and IV
resections. Furthermore, additional treatments were more
commonly required in patients who underwent surgical resection. Contrary to the complication rate of 10% in patients
treated with radiosurgery, 22% of those who underwent
surgical resection developed some kind of complications.

Stereotactic Radiosurgery: Our Experience
Between May 1991 and April 1997, a consecutive 149 patients with meningiomas, excluding atypical or anaplastic
meningiomas, were treated with gamma knife radiosurgery (GKRS) at our institute. Of these, nine patients had
multiple lesions. A total of 162 lesions were treated. Five
patients (five lesions) were lost to follow-up. The patients’
characteristics are shown in Table 4.2. Seventy patients
(47%) underwent GKRS as the initial treatment, and the
disease was diagnosed on the basis of neuroimaging findings alone. Tumor locations are shown in Table 4.3, and
tumor sizes and irradiation doses at the time of treatment
are shown in Table 4.4. The median follow-up period was
126 months (range 3–193 months). During the follow-up
period, 17 patients died—five from meningioma progression, and 12 from other diseases.
The 10-year survival rate to death from a brain tumor
after GKRS was 95%. A total of 157 lesions were evaluated
with follow-up imaging studies. In-field or out-of-field treatment failure was found in 29 lesions. The actuarial 3-, 5-,
and 10-year progression-free survival rates were 96%, 89%,
and 77%, respectively. A multivariate analysis of factors affecting progression-free survival showed that i nfratentorial
lesions were successfully treated significantly (p = 0.045).
Of the 157 lesions, 19 had in-field treatment failure, including two lesions with symptomatic peritumoral edema, indicating that the actuarial 3-, 5-, and 10-year local tumor
control rates were 98%, 93%, and 84%, respectively. Five

Cerebellopontine angle
Petroclival
Clivus

28

17.3

  4

  2.5

Cerebellar convexity

  1

  0.6

Total

162

100.0

patients experienced adverse radiation effects, two of whom
had severe perifocal edema. Both of them had large supratentorial meningiomas with a tumor volume of 28 cm3 and
50 cm3. Other complications included oculomotor palsy in
one patient with a cavernous sinus lesion, facial numbness
in one with a CPA lesion, and a transient visual defect in
one with a cavernous sinus lesion. In our experience, none
of 29 patients with CPA meningiomas, like the patient described here, experienced treatment failure. In addition, if
the results are limited to those whose tumors were 2 cm
or less in mean diameter and who underwent initial treatment, 27 of 28 patients (96%) achieved good tumor control
with a median follow-up of 130 months. Only one patient
with a cavernous sinus lesion experienced in-field treatment failure at 70 months, requiring a repeated craniotomy
and radiosurgery. These results encourage us to use stereotactic radiosurgery as the initial treatment for young patients with incidentally found meningiomas.
Table 4.4 Radiosurgical Techniques Used in Patients
Treated with Gamma Knife Radiosurgery at the Author’s
Institute
Variables
Diameter (mm)

Median

7.8–44.4

24.8

0.3–50.4

10.4

Max. dose (Gy)

18.6–50.0

29.9

Marg. dose (Gy)

10.0–25.0

14.8

No. of isocenters

1–21

Volume

(cm3)

Range

6
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Illustrative Case
A 50-year-old woman with left facial numbness underwent partial resection of a petrous tumor diagnosed as a
WHO grade I meningioma (Fig. 4.7a). GKRS was directed
to the residual tumor with maximum and marginal doses
of 32 Gy and 16 Gy, respectively. The tumor volume had
markedly decreased 15 years after treatment (Fig. 4.7b), and
the patient did not develop any neurologic deterioration
after radiosurgery.

Long-Term Tumor Control
For patients harboring WHO grade I meningiomas, longterm tumor control is essential. So far, numerous investigators have documented the safety and efficacy of radiosurgery for benign meningiomas.38–47 But there is little
information regarding long-term tumor control or late
adverse radiation effects such as tumorigenesis more than
20 years after radiosurgery. In other words, it may not be
uncommon to develop treatment failure or a secondary
neoplasm several decades after treatment. This issue is the
reason why radiosurgery for young patients remains controversial. The only way to resolve this issue is to keep following the patients who underwent radiosurgery.
In their large radiosurgical series of 972 patients harboring meningiomas in various locations with a mean follow-up period of 48 months, Kondziolka and associates43
reported that the actuarial 5- and 10-year tumor control

rates were 93% and 87%, respectively. They delivered a
mean marginal dose of 14 Gy to the tumors with a mean
volume of 7.4 cm3. The overall tumor control rates depended on the confirmed histology of the tumor, with
97% in tumors without previous histological confirmation,
93% in WHO grade I tumors, 50% in grade II tumors, and
17% in grade III tumors. The actuarial tumor control rates
past 10 years were 91% and 95% in grade I tumors and in
those without previous histological confirmation, respectively. In our experience, 19 patients developed in-field
tumor progression 14 to 151 months after GKRS. Two of
82 patients (2.4%) who were followed longer than 10 years
had in-field tumor progression, indicating that treatment
failure past 10 years is uncommon. In another radiosurgical
series of 200 patients harboring skull-base meningiomas,
Kreil and associates44 showed that the actuarial 5- and 10year tumor control rates were 98.5% and 97%, respectively.
Their median marginal dose was 12 Gy and the median
tumor volume was 6.5 cm3. As described in our experience,
most commonly, patients with skull-base meningiomas
achieve higher tumor control rates than those with supratentorial meningiomas when treated with radiosurgery.
Conversely, the complete resection of skull-base meningiomas without any morbidity is definitely more difficult than
that of supratentorial meningiomas such as convexity or
falx lesions. Thus, a higher long-term tumor control rate
with radiosurgery is expected with a lower morbidity
rate than surgical resection for the illustrative case of the
39-year-old presented at the beginning of this section.

a

b
Fig. 4.7a,b (a) T1-weighted image with gadolinium enhancement showing a well-enhanced petrous meningioma at the time
of gamma knife radiosurgery. (b) T1-weighted image with gado-

linium enhancement showing that the tumor had decreased
markedly 15 years after treatment.

4

Adverse Radiation Effects
Functional Outcomes
If a recent, optimum dose of 12 to 14 Gy were delivered to
the tumor margin in the 39-year-old patient described in
the illustrative case, the risk of neurologic deterioration
caused by radiation injury would be extremely low. In our
experience of 109 patients with cavernous sinus meningiomas treated at a mean marginal dose of 13 Gy, 4% had neurologic worsening as adverse radiation effects.40 Similarly,
Kreil and associates44 found a complication rate of 2.5%, of
which 2% was transient and 0.5% was persistent, in their
series of 200 patients with benign skull-base meningiomas
treated with GKRS. According to recent literature,39–44,46–48
complication rates after radiosurgery for meningiomas
ranged from 2.5% to 13%, indicating that such rates seem
lower than those after surgical resection.

Radiation-Induced Peritumoral Edema
In cases of large meningiomas, especially with a volume
of more than 10 cm3, the possibility of radiation-induced
edema should be taken into consideration. Generally, patients with convexity, parasagittal, and falcine meningiomas
are more likely to develop radiation-induced peritumoral
edema than are those with skull-base tumors.47 In patients with skull-base meningiomas, this complication is
relatively rare as long as the tumors do not severely compress the brainstem, and especially when recent, reduced
doses are used. In their series of 179 meningiomas, Chang
and associates48 noted postradiosurgical edema in four of
79 skull-base meningiomas (5%) compared with 26 of 52
hemispheric meningiomas (50%). The development of brain
edema is considered to be associated with various factors,
such as impairment of the blood–brain barrier, vascular
endothelial growth factor affecting vascular permeability,
mass effect with brain ischemia, and impaired venous drainage.42 In particular, the development of peritumoral edema
in meningiomas is considered to be strongly related to the
pial blood supply.49,50 Meningiomas with a greater pial
blood supply tend to have peritumoral edema because
vascular endothelial growth factor is strongly expressed.50
Accordingly, skull-base meningiomas surrounded by the
cistern are less likely to develop radiation-induced edema
because of a lesser pial blood supply compared with convexity, parasagittal, or falcine meningiomas.

Radiosurgery-Induced Malignancy
Radiosurgery-induced secondary neoplasms are extremely
rare. Rowe and associates51 evaluated the risk of radiosurgery-induced malignant transformation or secondary neoplasms in their retrospective study of approximately 5,000
patients and 30,000 patient-years of follow-up. They found
only one new astrocytoma suspected to be radiosurgery
induced. They concluded that there was no evidence of an
increased risk of intracranial malignancy compared to that
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in the normal population. Kondziolka and colleagues52 also
reported no radiosurgery-induced tumor, with a median
follow-up of 10 years, in 285 patients who underwent
GKRS for benign intracranial tumors. On the other hand,
two reports describe a secondary malignancy after radiosurgery for meningiomas. Yu and colleagues53 documented
a radiosurgery-induced glioblastoma multiforme 7 years
after radiosurgery for a convexity meningioma, and Sanno
and associates54 described the development of an osteo
sarcoma after radiosurgery for a falx meningioma. Considering that 70,000 meningioma patients in the world had
been treated with GKRS between 1991 and 2009, however,
such an occurrence seems to be extremely rare.
To more correctly predict the risk of radiosurgery-
induced malignancy, we assessed a limited number of meningiomas treated at 55 gamma knife units in Japan from
1991 to 2006. Except for patients treated within the past
5 years (to allow for a sufficient latency interval), the estimated risk is 0.011% (1 of 8753 cases). Furthermore, as
the literature and our experience shows, a total of seven
radiosurgery-induced malignancies have been reported
in Japan55–59 (Table 4.5). Seven (0.02%) of 34,201 patients
with benign tumors and vascular lesions treated in Japan
between 1991 and 2006 developed radiosurgery-induced
malignancies during the 20-year GKRS experience. Although these calculations may underestimate the risk because of the possibility of underreporting, such a risk would
be much less than 0.1% at worst. Consequently, the risk of
a radiosurgery-induced secondary malignancy must be
acceptable because such risk is much lower than post
operative mortality rates. Nonetheless, further long-term
follow-up data should be collected to justify the use of radiosurgery for benign tumors or vascular lesions, particularly in younger patients with a long life expectancy,
because the history of radiosurgery is too short to enable
us to reach conclusions about this critical issue.
On the other hand, some patients with treatment failure
experience atypical or anaplastic changes despite a previously confirmed benign histological process.41 It is unclear
whether such a malignant change is truly related to radiosurgery, because it is not uncommon for previously resected meningiomas to recur over time with atypical or
anaplastic features.60,61

Conclusion
In the case of the 39-year-old patient, the choice of treatment
between open surgery, radiosurgery, and a wait-and-see
strategy depends on the patient’s preference. Stereotactic
radiosurgery for this incidental, deep-seated meningioma
is an acceptable treatment option with a high rate of longterm tumor control as well as a low risk of adverse radiation effects. As this patient is young, however, a complete
resection must undoubtedly be the best treatment if there
is no risk of postoperative morbidity. Even so, there is no
guarantee that complete resection of this tumor is absolutely safe even in the hands of experienced neurosurgeons.
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Table 4.5 Radiosurgery-Induced Malignancies in Patients Treated with Gamma Knife Radiosurgery in Japan

Initial Diagnosis

Prior
Surgery

Target
Volume
(cm3)

Dose
(Gy)

14/M

AVM

No

NA

40/20

6.5

GBM

Hanabusa et al56
(2001)

57/F

VS

Yes

3.4

30/15

0.5

MPNST

Shin et al57
(2002)

26/F

VS

Yes

NA

34/17

6

MPNST

Sanno et al54
(2004)

56/F

Meningioma

Yes

NA

60/30

4

Osteosarcoma

Hasegawa et al58
(2005)

56/F

VS

No

4.0

23/12.7

5

MPNST

Akamatsu et al59
(2010)

67/F

VS

Yes

5.1

24.4/12

8

MPNST

Personal case

25/F

Acromegaly

Yes

3.7

32/16

Age/
Sex

Kaido et al55
(2001)

Author, Year

Latency
Period
(Years)

14.5

Final Histology

High-grade sarcoma

Abbreviations: AVM, arteriovenous malformation; GBM, glioblastoma multiforme; MPNST, malignant peripheral nerve sheath tumor; NA, not available; VS, vestibular schwannoma.

Similarly, in the treatment choice of radiosurgery, it is
possible that the patient may develop adverse radiation
effects during her long life span, including cranial nerve
impairment such as facial numbness or hearing loss, or a
radiosurgery-induced secondary malignancy. Although such

a risk would be extremely low, the possibility of long-term
adverse radiation effects should be explained to all patients
who hope to receive stereotactic radiosurgery for incidentally discovered benign tumors.

The Role of Microsurgery in the Management
of Small Skull-Base Meningiomas
Luis A.B. Borba and Daniel D. Cavalcanti
Meningiomas are common intracranial tumors, encountered in 2.3% of autopsy studies,62 and it has been suggested that 3% of individuals older than 60 years may
harbor an asymptomatic meningioma. With improved
health and rising longevity, added to the widespread availability of neuroimaging techniques, incidental meningiomas have been diagnosed more often.3,62 Moreover, the
current practice is to diagnose lesions at an initial stage
based on subtle symptomatology.6
Too much debate has focused on the management of
small lesions: Should treatment include observation, resection, or irradiation? Several points should be considered
in the decision-making process for patients with small
skull-base meningiomas:
1. The natural history of these tumors
2. The patient’s clinical status
3. The tumor location and extension

4. The clinical symptoms
5. The radiological findings
6. The potential morbidity related to the therapy to be
applied.

The Natural History of Meningiomas
The natural history of a particular intracranial tumor is the
single most important variable to be analyzed to safely and
ethically indicate either a treatment method or observation. By 1938, Cushing and Eisenhardt63 had already clas
sified meningiomas as lesions with a progressive growth
pattern. Recently, Oya and associates16 reported a seminal
description of the natural history of meningiomas after
managing conservatively 244 patients with 273 intracranial meningiomas. They found that 44% of the tumors grew
linearly in an average time of 3.8 years. When the growth
rate was assessed through volumetric analysis, the number

4
of evolving lesions increased to 74% (114 of 154 tumors).
In patients younger than 60 years, the absence of tumor
calcification, an initial tumor diameter greater than 25 mm,
hyperintensity on T2-weighted MRI studies, and the development of surrounding edema represent significant risk
factors for tumor growth and better support a therapeutic
option.
In another assessment of natural history, Van Havenbergh and colleagues19 followed patients with initially untreated petroclival meningiomas; 50% had cranial nerve
deficits, and 24% had cerebellar signs or gait disturbances.
In about 80% of the patients, the tumor proved to be growing, and all patients with small petroclival tumors (< 2 cm)
experienced enlargement in a mean follow-up of 82.2
months. Mean annual growth rates were 1.10 cm3 in volume and 1.16 mm in diameter. In a series consisting of
residual petroclival meningiomas, Jung and colleagues64

estimated that the annual growth rate was about 5 cm3 in
volume and 0.37 cm in diameter; tumors doubled in size
at a mean of 8 years. Age has been shown to significantly
impact growth rate. Despite the absence of some of these
predicting factors such as edema and a smaller size, as in
the case presented in this chapter, we believe that enlargement of the tumor with potentially devastating consequences is just a matter of time, and that the patient should
be treated with microsurgery, easing dissection around
critical neurovascular structures.

The Patient’s Clinical Status
This chapter’s case is a 39-year-old healthy woman with a
single history of headache, without any neurologic deficit
or other symptoms. With the extensive increase in patient
longevity, the large number of computed tomography (CT)
scans and MRIs ordered to screen patients with headaches,
and the assessment of traumatic brain injuries and para
nasal sinus disease, asymptomatic meningiomas have been
diagnosed more and more often. In these cases, the patient’s medical status related to associated conditions must
be considered, and sometimes represents the main issue
in the decision-making process.
Associated severe comorbidities constitute a contra
indication to treating patients with a benign lesion characterized by a potential low growth rate that is sometimes
oligosymptomatic. We suggest surgical treatment in the
elderly population only for symptomatic patients presenting with a lesion that causes neurologic deficits, who have
elevated intracranial pressure (ICP), or who have severe
edema related to the tumor mass.
Regarding the case in discussion, the patient’s age and
the tumor’s potential rate of growth are, in our opinion, the
main points favoring surgical management.

Tumor Location and Extension
The tumor location and its potential extension affecting
surrounding neurovascular structures constitute another
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strong argument favoring microsurgical treatment. Van
Havenbergh and associates19 showed that, in patients with
petroclival meningiomas, up to 50% of initially asymptomatic patients developed some cranial nerve deficit during
the follow-up interval of conservative management. The
meningioma in question is located on the anterior border
of the internal anterior meatus with an extension to the
midclivus, a lesion that we name a medial petrosal meningioma (see the figures at the beginning of the chapter).
Despite the intricate location and the well-known low
growth rate of meningiomas, we believe that small lesions
with little enlargement, many times only perceptible on
serial MRI studies, should be approached surgically. For
example, an en plaque extension of a small and untreated
lesion extending into the internal auditory meatus, jugular
foramen, or Dorello’s canal can be associated with a high
morbidity rate if surgical removal is attempted. Additionally, such potentially slow, asymptomatic growth of meningiomas is the main obstacle related to the impossibility of
further radical removal.
This patient, a 39-year-old woman with a long life expectancy, will need surgical removal of that mass at some
point in her life. The optimal surgical approach is the retrosigmoid avenue, with the patient placed in the left lateral
position. We strongly believe that the better the patient’s
conditions, the better will be the outcome.

Clinical Symptoms
In the era before CT scans, the patient’s symptoms and
signs were taken into consideration not only to guide treatment but also as critical tools for diagnosing intracranial
tumors. The symptoms in patients with small meningiomas represent a very important issue in their management,
but are not the only or the main point to be considered.
Except in skull-base meningiomas affecting cranial nerves
or in supratentorial meningiomas that can be diagnosed
by the presence of seizures, long-tract deficits, or increased
ICP, the great majority of skull-base meningiomas are oligo
symptomatic until they reach a large size or affect eloquent neurologic structures. Most importantly, preoperative
symptoms are directly related to the surgical outcome.

Radiological Findings
With the advent of MRI, small asymptomatic lesions have
been diagnosed, even though large extensions through the
dural base of the skull (the “dural tail”) have been documented associated with these lesions. It is not uncommon
for a dural tail or an en plaque extension of tumor to the
skull-base foramina or cavernous sinus to be discovered
without any related symptoms.
Today, preoperative MRI studies are crucial not only in
the diagnosis and surgical planning but also to aid in determining the prognosis of patients with skull-base meningiomas. In the series of Oya and colleagues,16 imaging
features such as the presence of calcification, hyperinten-

62  

Controversies in Neurosurgery II

sity on T2-weighted images, surrounding edema, and an
initial tumor diameter greater than 25 mm were associated
with a higher annual growth.

Potential Morbidity Related
to the Therapy
Any surgical decision should balance morbidity and the natural history. The experience of the surgical team is crucial
in such decisions. In the beginning of the last century,
Horsley65 already believed that “all tumors which, growing
from the meninges, penetrate the brain, or which are encapsulated … can all be excised with a good permanent
result.” And Cushing66 declared that meningiomas are “the
most favorable type of tumor for operation.”
Evolutions in microsurgical and skull-base techniques
associated with improvements in illumination and neuroanesthesia have yielded increasingly better results in the
surgery of meningiomas. Nevertheless, a high morbidity in
patients with small meningiomas should not be accepted
now. Indeed, surgical morbidity should be very small.67 In
this type of case, the most common morbidity is temporary
trigeminal nerve dysfunction. Severe morbidity such as
facial nerve palsy, hearing loss, or swallowing dysfunction
are extremely uncommon, and should be close to 0%. Thus,

series with a 39.9% rate of morbidity related to the surgical resection of tumors in this area should be considered
prohibitive.67–69
The role of radiosurgery in the treatment of meningiomas has been very well discussed in past years.70 Starke
and colleagues71 recently reviewed a series of 255 patients
with skull-base meningiomas treated with stereotactic
radiosurgery. Radiosurgery was the primary treatment in
109 patients and adjuvant in 146 patients. After a median
follow-up of 6.5 years (range 2–18 years), 86% of the tumors shrank or had no change in size. Progression-free
survival at 3, 5, and 10 years was 99%, 96%, and 79%, respectively. The clinical status at the last follow-up showed no
change or improvement in 90%, and clinical deterioration
was observed in 10% of patients. Despite these authors’
conclusion of high efficacy, radiosurgery has proven to
delay tumor growth but does not provide a “cure,” that
is, complete resolution of the tumor mass.

Illustrative Case
A 44-year-old woman with headaches underwent an MRI
after multiple consultations with ophthalmologists, otorhinolaryngologists, and neurologists. The MRI study revealed a small, homogeneously enhancing lesion arising on
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Fig. 4.8a–d (a,b) Contrast-enhanced axial and coronal T1weighted MRI studies revealing a small posterior petrous meningioma. (c) Intraoperative view of an already devascularized round
tumor (TU) located on the petrous bone posterior to the internal

auditory canal and slightly compressing the cerebellar hemisphere. (d) At the end of resection, the trigeminal nerve (V) and
facial-vestibulocochlear complex (VII-VIII) are seen dissected free
at the cerebellopontine angle.
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the right petrous bone posterior to the internal auditory
canal, with small mass effect (Fig. 4.8a,b). We again stress
the early management of these lesions before an en plaque
extension develops or the tumor grows into the skull-base
foramina.
In this patient, we used a right-sided retrosigmoid approach with facial nerve monitoring. The patient was placed
in a left lateral position, an axillary roll was used to protect
the brachial plexus, and the left arm was suspended. A
semi-curved incision arching posteriorly was made two
finger-breadths posterior to the mastoid tip, extending from
the superior occipital line to two finger-breadths below the
mastoid tip. Fishhooks were used to retract the scalp flap
and the muscle layer anteriorly, exposing the intersection
of the parietal and occipital bones and the mastoid. A bur
hole was made on the parietomastoid suture 1 cm beyond
the asterion, reaching the sigmoid-transverse junction. A
line at the mastoid was drilled inferiorly starting at the bur
hole to expose the posterior aspect of the sigmoid sinus
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down to the jugular bulb. A craniotomy was done, extending approximately 3 cm medially.
The dura was opened along the edge of the posterior
sigmoid sinus wall and the superior edge of the craniotomy
(Fig. 4.8c). The cisterna magna was opened to ensure the
drainage of cerebrospinal fluid and relaxation of the cerebellum, thereby easing dissection. Such dissection should
be carried within an arachnoid plane bordering the interface between the tumor and cerebellum. Finally, the tumor
insertion on the posterior petrous region was coagulated
extensively, devascularizing the lesion. The tumor was progressively dissected free of the cranial nerves and removed
en bloc (Fig. 4.8d).

Conclusion
Microsurgical resection is the only curative treatment for
this particular patient, and in the near future it will be performed. It is just a matter of time.

Moderator
Management of Incidental Meningiomas
E. Antonio Chiocca
The above three sections illustrate and advocate the views
of the neurosurgeons Abolfotoh, Al-Mefty, Hasegawa, Borba,
and Calvacanti, supported by studies cited in the literature
and by extensive personal experience in their three management approaches to incidentally found meningiomas.
With the widespread use of CT and MRI, more of these
lesions are being discovered, and the patients are being
referred to the neurosurgeon for consultation. Patients and
their families increasingly use online resources to gather
information and frequently come to the neurosurgical consultant with an array of questions and opinions. What is
the best course of action?
Abolfotoh and Al-Mefty advocate the “wait-and-see”
approach. They exclude meningiomas of the tuberculum
sellae from this approach because of the possibility that future small growth could end up rapidly affecting vision irreparably. They base their opinion on a majority of studies
showing that the natural history of incidentally discovered
meningiomas (IDMs) is generally benign and indolent. This
recommendation is definitely applied in older individuals,
in those who are medically unstable, or in those who do
not desire surgery. The authors describe the dilemma of the
younger patient who presents with a IDM because some of
the cited studies suggest a less indolent course. But they
still advocate conservative management, reserving surgery
for proven growth or for symptoms that are directly attrib-

utable to the lesion. The authors’ management algorithm
thus calls for follow-up scans at 3 and 9 months, followed
by yearly MRIs and, after 5 years, MRIs every 2 years. Intervention is reserved for lesions with significant growth or
symptoms attributable to the lesion. For lesions with a slow
rate of growth, the authors follow with scans every 6 months,
and imply that, if growth is documented with multiple
successive scans, then they would intervene. F
 inally, they
do not recommend radiosurgery or other radiation treatments, based on the finding that radiated lesions that continue to grow become more difficult to treat surgically.
Hasegawa makes the argument for radiosurgery as a
treatment option for the IDM. He is also able to cite literature that shows excellent growth control with minimal morbidity for the IDM, although long-term follow-up periods
of more than 20 years are still not available. He summarizes the data for growth control that appears to be as good
as a Simpson grade I resection and the data on adverse
outcomes (peritumoral edema, progression to anaplasia/
malignancy, and radiation-induced damage to normal brain
structures) showing a low incidence. He thus provides the
argument for offering radiosurgery to the patient with the
IDM rather than waiting or resecting.
Borba and Calvacanti instead advocate surgical resection
of IDMs. They cite several studies, including Cushing’s, in
which a large percentage of tumors do indeed grow with
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time. Thus, they conclude: “Microsurgical resection is the
only curative treatment . . . and in the near future it will
be performed. It is just a matter of time.” They make the
compelling argument that the IDM is easily removed with
microsurgery and a small craniotomy, and the likelihood of
complications is minimal. They do not advocate surgery for
a IDM in patients with severe comorbidities or in elderly
patients with no or minimal symptoms.
Like most controversies in the management of neurosurgical diseases, we do not have level 1 or 2 evidence to
support any one of these three positions. We are thus
forced to use subjective experience, the experience of our
teachers and colleagues, and the knowledge gained from
the multiple retrospective studies published that, like most
retrospective studies, may have considerable bias built in.
I agree with all five authors that the elderly patient, the patient with significant comorbidities that are likely to lead to
operative or perioperative complications, and the patient
who has no symptoms or symptoms that he or she does not
believe are affecting quality of life should be provided with
a strong recommendation for “wait-and-see.” I also agree
with all five authors that serially growing lesions or lesions
that are causing symptoms that compromise the patient’s
quality of life should be treated.
However, this is not where the controversy lies. The
controversy is about the healthy individual with a IDM. In
my opinion, this is an area where the opinion of the informed patient and the family should hold considerable
weight and sway. Assuming that the neurosurgeon is highly
comfortable (and perhaps has even accumulated data from
personal practice to back this level of comfort!) with his or
her ability to remove the IDM microsurgically or to treat
with radiosurgery without disturbing brain function, and
with the likelihood that the risk of morbidity would be low,
then an informed discussion should be undertaken with
the patient that includes the following information:

1. The lesion seen on MRI is most likely a IDM, although
there is a rare possibility that other lesions could mimic
it (lymphoma, metastatic tumor, solitary fibrous tumor).
2. Small incidental meningiomas are indolent or grow
slowly, and the large majority of patients are followed
conservatively.
3. Microsurgery and radiosurgery are two options for
treatment. In both options and in experienced hands, the
risk of complications is minimal but is not zero.
Based on this information, the neurosurgeon, the patient,
and the family should agree on a plan of action: wait-andsee, surgery now, or radiosurgery now. In my practice, I
tend to suggest the wait-and-see approach, and my impression is that the large majority of patients are highly
comfortable with this. However, I remain open to the opinion, body language, gestures, and comfort level of the patient and family regarding the wait-and-see approach. I
have encountered several patients who are concerned that
the IDM may actually be a more serious lesion and do not
wish to wait for the 3-month successive scan, as advocated
by Abolfotoh and Al-Mefty, or are unlikely to comply with
the practice of serial MRIs, or who cannot psychologically
handle the knowledge that the presumed IDM may grow at
a future date and that they may not be ready for treatment
at that time. In these instances, I am comfortable with the
decision to proceed with microsurgery or radiosurgery
based on the knowledge that risks are minimal.
In conclusion, this is an area of controversy for which
a prospective clinical trial comparing wait-and-see with
treatment may be of benefit. This trial may also provide a
socioeconomic benefit to society. It would provide data to
show whether a lifelong course of serial imaging is more
cost-effective than treatment followed by a shortened time
frame or not-as-frequent period of serial imaging to ensure
that the tumor does not recur.
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Chapter 5

Management of a
Vestibular Schwannoma in a
Single Hearing Ear of a Patient
with Neurofibromatosis Type 2

Case
A 45-year-old woman with neurofibromatosis type 2 previously underwent resection of a right giant
acoustic tumor and is deaf in the right ear. In the left ear, she currently has serviceable hearing with 75%
discrimination at 30 dB.

Participants
Microsurgical Removal of Acoustic Tumors in a Single Hearing Ear of Patients with Neurofibromatosis
Type 2: Madjid Samii and Venelin M. Gerganov
Stereotactic Radiosurgery for an Acoustic Neuroma in the Only Hearing Ear: Michael J. Link, Colin L.W.
Driscoll, and Bruce E. Pollock
Conservative Treatment of Acoustic Tumors in Patients with a Single Hearing Ear: Donlin M. Long
Moderator: Preserving Hearing in the Last Hearing Ear of Patients with Neurofibromatosis Type 2: Stephen J.
Haines
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Microsurgical Removal of Acoustic Tumors in a Single Hearing Ear
of Patients with Neurofibromatosis Type 2
Madjid Samii and Venelin M. Gerganov
The treatment of patients with neurofibromatosis type 2
(NF2) represents one of the most difficult challenges in
neurosurgery. The patient’s lifelong propensity to develop
new tumors in the central nervous system predetermines
the impossibility of definitive cure for these patients.1
Treatment is focused on prolonging life, preserving or re
storing neurologic function, and maintaining the patient’s
quality of life.2–4 Vestibular schwannomas associated with
NF2 differ in several ways from sporadic unilateral tumors,
and the major concerns are the disabling consequences of
acquired deafness.
In the presented case, the giant vestibular schwannoma
on the right side was initially removed. The patient has
useful hearing on the left side and a tumor in the left cere
bellopontine angle with the characteristics of a vestibular
schwannoma. The lesion is centered in the internal auditory
canal and forms an acute angle with the posterior surface
of the petrous bone. It extends into the internal auditory
canal and shows homogeneous contrast enhancement. The
sagittal image shows that the tumor has a significant cau
dal extension, which has been correlated with a worse out
come regarding at least the facial nerve function.5
In such cases, optimal results are obtained if the treat
ment is individualized and guided by the attitude and ex
pectations of patients and their families. Decision making
depends on several factors related to the tumor and to the
clinical and psychological condition of the patient. The op
tions are initial observation or early active treatment. Close
collaboration with patients and their families is essential.
The major issue is whether the patient is willing to take the
risk of complete hearing loss from early active treatment or
prefers to postpone treatment until hearing is lost through
progression of the disease.
The possibility of preserving hearing depends on the
size of the tumor, the patient’s preoperative hearing level,
and the quality of the brainstem auditory evoked potentials
(BAEPs). With regard to the first two factors in the current
case, the chance of preserving functional hearing is approx
imately 50%. But there is no information about the quality
of BAEP, an examination we perform routinely. During sur
gery, BAEP monitoring provides essential feedback about
the function of hearing pathways every 30 to 90 seconds.6,7
Changes from traction or injury of the cochlear nerve and
the interruption of vascular supply or compression of the
brainstem are readily detected. A loss of wave V is most
frequently associated with deafness, either temporary or
permanent, but this loss is usually preceded by changes in
waves I and III. This information enables the surgeon to
modify the approach accordingly, for example, the degree
of cerebellar retraction. When surgery is done on the only
hearing side, the operation may even be interrupted. If the

BAEP is of low quality, with loss of waves or considerable
prolongation of intervals, this feedback is not available. In
such a case, we would not recommend early surgery.
Once the decision for active treatment is made and a
good BAEP wave form is available, the next task is to choose
the best treatment option: surgery or radiosurgery. Our
experience has shown that surgery of vestibular schwan
nomas via the retrosigmoid approach leads to the best out
come, especially with respect to hearing.7 The advantages
of this approach have been described in multiple publica
tions.8–10 Placing the patient in the semi-sitting position
allows the surgeon to use both hands for tumor dissection
because there is no need for constant suction. The assistant
irrigates continuously with saline, which obviates the need
to coagulate during tumor removal.
To preserve hearing, the structures of the inner ear must
be preserved during drilling of the internal auditory canal.
A careful study of thin-slice bone-window computed to
mography scans of the pyramid before surgery allows the
surgeon to plan the extent of safe bone removal. If the loca
tion of the inner ear precludes wide opening of the internal
auditory canal, an angled endoscope can be used to inspect
the most lateral portion of the canal.
Another critical issue is the dissection technique. The
nerve should always be dissected from the tumor in the
arachnoid plane, and dissection begins only after sufficient
debulking of the tumor mass. The stretching of neural struc
tures in one direction for a long time should be avoided.
These steps should be constantly related to the BAEP input
and modified accordingly. If the patient is in the semi-sitting
position, coagulation is required only in cases of major
bleeding.8
Vestibular schwannomas associated with NF2 differ from
sporadic vestibular schwannomas and are more challeng
ing for the surgeon.11,12 Approximately 40% of them are
multilobular, and the nerves and vessels may pass between
the tumor lobules. The tumor can infiltrate the fibers of in
dividual nerves, a phenomenon seldom found in unilateral
tumors. In these cases, subtotal tumor removal may be
done to prevent functional deficits.
When the BAEPs are unstable and even slight micro
surgical maneuvers are followed by severe deterioration of
the waveform, attempting complete tumor removal may
endanger the patient’s hearing. In this case, the surgeon
may choose partial tumor removal and decompression of
the cochlear nerve in the internal auditory canal during
surgery. The senior author (M.S.) used this strategy in 23
patients, which led to long-term preservation of hearing in
15 of them.3
If the patient decides against surgery, the tumor should
be followed and removed when hearing loss occurs or
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tumor progression leads to serious neurologic symptoms.
For such patients, the surgeon should plan to restore hear
ing with an auditory implant during the same surgery or
several weeks later. Such central auditory prostheses—the
auditory brainstem implants, or, more recently, the audi
tory midbrain implants—help patients receive environmen
tal sounds and enhance their lip-reading ability for better
communication.13–16
Radiotherapy is another treatment option for the pa
tient presented here. Published series show that it leads
to tumor control in up to 81% of patients at 10 years.17,18
The rate of hearing preservation is 33 to 43%, although
some deterioration occurs during the ensuing years. In
a recent study, Phi and colleagues19 have shown that the
rates of actual serviceable hearing preservation fall from
50% in the first year to 45% in the second year and to 33%
in the fifth year. Postirradiation edema may lead to a tran
sient increase in the tumor volume. When tumors com
press the brainstem, as in the presented case, this possibility
and the related risks should also be considered. In pa
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tients with vestibular schwannomas associated with NF2
on the only hearing side, an additional advantage of sur
gery compared with radiosurgery is the possibility of in
terrupting tumor removal if the BAEP changes and, thus,
preserving the available hearing. In our experience, radio
surgery is best reserved for patients who have particularly
aggressive tumors, those with medical contraindications
for microsurgery, patients who refuse surgery, and the
elderly.3,4,11
Over the past 35 years, the senior author (M.S.) has op
erated on more than 175 patients with NF2; the total
number of vestibular schwannoma surgeries in these pa
tients was 225. Total removal was achieved in 86% of the
operated tumors. In the remaining 14%, total removal was
impossible because of infiltration of the nerves or the risk
of functional loss. Hearing was preserved in 65% of patients
with useful preoperative hearing. In patients with vestib
ular schwannomas of a size similar to the one presented
here, the cochlear preservation rate was 82% and the hear
ing preservation rate was 52%.

Stereotactic Radiosurgery for an Acoustic Neuroma
in the Only Hearing Ear
Michael J. Link, Colin L.W. Driscoll, and Bruce E. Pollock
Under consideration is the case of a 45-year-old woman
with NF2 who has previously undergone successful resec
tion of a giant right acoustic neuroma and who has no
hearing in that ear. As shown by the single axial and coro
nal images available, she has a left acoustic neuroma of 2.5
cm (the greatest posterior fossa diameter measured paral
lel to the petrous temporal bone). She is reported as having
a speech discrimination score of 75% at 30 dB on the left.
Thus, she likely has American Academy of Otolaryngology–
Head and Neck Surgery (AAO-HNS) class A hearing in only
her left ear.20 Following the guiding principles for NF2 pa
tients of preserving the quality of life and conserving or
rehabilitating function, especially hearing, we discuss our
approach to similar patients and the advisability of stereo
tactic radiosurgery (SRS) to treat her left acoustic neuroma.
In general, intervention for a lesion involving the
only hearing ear can be considered in the following
circumstances:
1. The predicted natural history of the disease is relatively
rapid loss of the remaining hearing.
2. Substantial or life-threatening brainstem compression
has developed.
3. Intervention may improve hearing or carries a relatively
low risk of hearing loss.21

But none of these criteria apply to this patient at this
time.
We would have placed an auditory brainstem implant
on the right side when the giant right acoustic neuroma
was removed, assuming that the tumor was so large there
was no hope of preserving the cochlear nerve to allow
placement of a cochlear implant. We would then follow the
left acoustic neuroma in the only hearing ear with biannual
magnetic resonance imaging (MRI) and audiology exami
nations, and intervene if hearing progressively deteriorates
or the tumor shows sustained growth.
Lars Leksell22 is deservedly credited with introducing
SRS in 1951, and the first published report of SRS to treat
an acoustic neuroma appeared in 1971.23 Thus, we have
had over 40 years to evaluate the potential, efficacy, and
complications of this modality, and the technique and
dose-planning software have changed dramatically during
this time. In the last 15 to 18 years in particular, tumor
marginal doses have been reduced to attempt to preserve
cranial nerve function without sacrificing tumor control. In
addition, the availability of high-resolution, multiplanar,
thin-slice MRI scanning to assist in planning has resulted in
more conformal treatment plans. Tumor control rates of 93
to 98% and hearing preservation rates of 33 to 78% have
been reported with SRS for sporadic vestibular schwan
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Table 5.1 Published Experience of Gamma Knife Radiosurgery to Treat Vestibular Schwannoma in Patients with
Neurofibromatosis Type 2
Institution
or City

No. of
Tumors

Mean
Follow-Up
(Mos.)

Margin
Dose (Gy)

Marseille33

35

32

13

74

57

3

Komaki37

20

34

13

100

33

0

Pittsburgh17

74

53

14

85/81a

42

8

Tumor Control
(%)

Hearing
Preservation (%)

VII
Weakness (%)

Sheffield35

92

NA

13.4

79/52b

38

5

Wake Forest36

12

48

12

92/75c

50

33

Seoul19

36

36.5

12.1

66d

33d

3

Abbreviation: NA, not available.
aActuarial

local control rates at 5 (85%) and 15 years (81%), respectively, with tumor control defined as a lack of the need for an additional
intervention.

bKaplan-Meier control rates at 8 years depending on whether control is defined as the lack of a need for additional intervention (79%) versus any
sustained symptomatic growth (52%).
c Local

control (92%) with one tumor failing and also calculated 5-year progression-free survival (75%).

d5-year

actuarial rates for tumor control and hearing preservation.

nomas in many large, recently published series.24–30 A
comprehensive review of the literature published in 2009,
encompassing 5,825 patients in 74 publications, reported
an overall hearing preservation rate of 57% after SRS for
vestibular schwannoma.31 In this review, a marginal dose
of less than 12.5 Gy was the only statistically significant
factor for preserving hearing. Neither the patient’s age nor
the tumor size was significant. Several groups have found
that a maximum dose of less than 4 or 4.2 Gy to the cochlea
is associated with better hearing preservation rates after
SRS or fractionated radiotherapy,25,26,28,32 whereas at least
one group has reported the dose to the cochlear nucleus to
be the important prognostic variable.29
Although these data seem encouraging, there is much
concern that vestibular schwannomas in patients with NF2
do not respond as well as sporadic vestibular schwanno
mas to SRS.33,34 There are significantly fewer reports in
the literature regarding the use of SRS to treat vestibular
schwannomas associated with NF217,19,33–37 (Table 5.1). The
largest and most recently reported experience is from Shef
field, England.35 In this study, Rowe and colleagues report
on their results in 92 tumors using current techniques (MRI
localization) and doses (mean marginal dose of 13.4 Gy).
The mean age of the patient at treatment was 29 years.
Based on a Kaplan-Meier plot, if failure is defined as the
need for an additional procedure, 79% of tumors were suc
cessfully controlled at 8 years. However, if a stricter defini
tion of failure is defined as any progressive growth with
increasing symptoms possibly attributed to a growing ves
tibular schwannoma, the control rate falls to 52% at 8
years.35 The tumor volume at the time of treatment was the
most significant determinant of failure (p < 0.001), with tu
mors larger than 10 cm3 correlating to a statistically higher
likelihood of failure. Overall, 23 of 61 patients (38%) who had
serviceable hearing before treatment maintained their hear

ing grade, whereas 42% had some deterioration of their
hearing, and 20% became completely deaf. Permanent fa
cial weakness occurred in 5% of patients, and 2% developed
permanent trigeminal dysfunction related to the SRS.35
Our results at the Mayo Clinic are similar. We treated 29
vestibular schwannomas in 24 patients with NF2 between
1999 and 2007. At a median follow-up of just over 3 years,
20 tumors have remained stable or decreased in volume at
the last MRI follow-up, four tumors have shown progres
sive enlargement at more than one imaging follow-up, and
no imaging follow-up could be obtained for five tumors.
Depending on the outcome of these last five tumors, we
would classify our tumor control rate as 69 to 86%. The
affected ear in 15 patients had measurable hearing before
SRS and 14 patients were profoundly deaf in the affected
ear. Six maintained their pretreatment hearing, seven pro
gressed to class D hearing, and no audiometry follow-up
could be obtained for two. Thus, our hearing preservation
rate is 46%.
Based on our experience and that reported in the litera
ture, we would counsel the patient presented here that, if
she elects to have SRS to treat the 2.5-cm vestibular
schwannoma in her only hearing ear, there is an 80% chance
that she will not require another intervention for that
tumor 5 years after treatment. Furthermore, there is a 40%
chance of maintaining useful hearing in that ear and a less
than 5% risk of any permanent facial weakness or numbness.
Stereotactic radiosurgery also offers another potential
significant advantage to this patient. If she does lose hear
ing after treatment, there is still a very high chance that her
hearing could be rehabilitated with a cochlear implant.38
We have implanted this device in three patients with NF2
after SRS for a vestibular schwannoma. The mean age of
these patients was 68 years, and they had been profoundly
deaf in the affected ear for 1 to 10 years before the cochlear
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Fig. 5.1 The pretreatment audiogram reveals profound leftsided hearing loss after a prior translabyrinthine removal of a left
vestibular schwannoma. There is also severe right-sided hearing

loss with a pure tone average of 65 dB. The patient’s word recognition score was 20% at 40 dB.

implant. The mean tumor volume treated was 1 cm3. All
patients experienced a significant restoration of hearing
after receiving the cochlear implant.
For example, a 64-year-old man had previously under
gone translabyrinthine resection of a left vestibular schwan
noma in 1989 without complication. He then began to
develop significant right-sided hearing loss 10 years later,
and by 2007 he had a pure tone average of 65 dB and only

10 to 20% word recognition in the right ear (Fig. 5.1). His
MRI showed a 1.1-cm right vestibular schwannoma and
postoperative changes from his left-sided surgery (Fig. 5.2).
At the last follow-up, 2 years after undergoing SRS and
receiving a cochlear implant, his tumor had decreased to
0.8 cm in the posterior fossa diameter (Fig. 5.3), and his
cochlear implant was working very well. He was achieving
85 to 87% on the hearing-in-noise test (HINT), which uses

Fig. 5.2 The pretreatment magnetic resonance imaging shows
postoperative fat packing from a prior left translabyrinthine surgery and a 1.1-cm right vestibular schwannoma.

Fig. 5.3 An MRI 2 years after stereotactic radiosurgery. The
tumor has decreased in size by 2 mm in the largest posterior
fossa diameter.
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Fig. 5.4 An audiogram 1 year after cochlear implantation. The pure tone average has improved to 30 dB and the patient was consistently getting 85% correct on sentence testing.

sentence testing, and he achieved 42% correct on conso
nant-vowel-consonant (CNC) word testing. His pure tone
average with the cochlear implant was 30 dB (Fig. 5.4).
Our other patients have had similarly good clinical re
sults following cochlear implant after SRS. One of our
patients, however, had sustained growth of a tumor after
SRS but still had good cochlear implant function despite
the tumor growth. Ultimately, the tumor had to be resected
and the cochlear implant was removed and converted to
an auditory brainstem implant. This device gives the pa
tient environmental sound awareness but does not provide
nearly as good hearing as his cochlear implant did.
There are three main concerns with treating vestibular
schwannomas in NF2 patients with SRS. The first is that it
will not be effective, and we have presented the results as
reported in the literature with good evidence that NF2 tu
mors do not respond as well as sporadic ones, but still 80%
of the tumors will be controlled at 5 years. Whether this is
sufficient in a 45-year-old woman is a difficult decision. A
related, valid concern is that, if the treatment does fail and
the tumor requires surgical removal, it will be a more dif
ficult operation due to scarring from the radiation. It has
indeed been our limited experience that surgery after SRS
is more challenging, and other groups have also reported
this fact.39,40
A second concern is that hearing rehabilitation with
either a cochlear implant or an auditory brainstem implant

will be less effective after SRS. This assumption has not been
borne out in our experience or in the literature.38,41 Both
cochlear and auditory brainstem implants seem equally
effective whether the tumor has been surgically removed
or treated with SRS. In fact, the chance of getting a func
tioning cochlear implant, particularly in a patient with a
tumor larger than 2.0 cm, is likely much higher after SRS
compared with microsurgery because there is no surgical
manipulation of the cochlear nerve.
Finally, there has been concern that even single-fraction,
conformal SRS could induce malignancy in NF2 patients
who already have a mutation in a tumor-suppressor gene.44
There are only 14 potential cases of histologically verified
intracranial malignancy arising in a stereotactically irra
diated field (SRS and fractionated therapy), and in four of
these cases the patient had NF2.43–46 Although the concern
of secondary malignancy should always be discussed, over
all there has not been any evidence of an increased risk of
malignancy in NF2 patients after SRS.35
Stereotactic radiosurgery is a reasonable option to treat
this 2.5-cm vestibular schwannoma in the only hearing ear
in a patient with NF2. If the patient loses hearing after
treatment (a 60% chance) despite radiographic tumor con
trol, her hearing could likely be rehabilitated to a high level
with a cochlear implant. There is about an 80% chance
of the patient not requiring another intervention for this
tumor at 5 years. If the tumor does not respond to SRS and
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requires surgical removal, surgery will be technically more
difficult. An auditory brainstem implant could be placed
at the time of tumor removal, if that becomes necessary,
with the expectation that it would function in an equiva
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lent manner to auditory brainstem implants in NF2 pa
tients who do not undergo irradiation.
Unfortunately, the decision making for patients with
NF2 remains difficult and controversial.

Conservative Treatment of Acoustic Tumors in Patients
with a Single Hearing Ear
Donlin M. Long
The treatment of the patient with bilateral acoustic neuro
mas is one of the most perplexing conundrums in neuro
surgery. To understand various possibilities for treatment
and their rationale, it is worthwhile to review the preserva
tion of hearing in patients undergoing surgery for acoustic
neuroma.

Preserving Hearing
I recently reviewed studies comprising more than 10,000
reported cases of the so-called acoustic neuromas. Hearing
preservation was deemed possible in about one quarter
and successful in only about 10%. However, this general
observation requires a more detailed analysis. Hearing
preservation in patients with larger tumors, certainly those
above 3 cm, is extremely unusual; only a few such cases
have been reported. Lost hearing has been restored so in
frequently that, based on any material available in the lit
erature, it cannot be considered a goal with larger tumors.
On the other hand, the successful preservation of hear
ing in patients with smaller tumors is now recognized, and
this success is gradually being reported in the literature. It
appears that intracanalicular tumors can be removed, with
hearing preservation approaching 50%. A few surgeons are
reporting success rates in the 80% range. Although these
reports are encouraging, this level of hearing preservation
has not yet been documented with rigorous studies of pre
served high-level hearing threshold and speech discrimi
nation. Certainly, this success does not reflect the general
experience and remains the province of a few of the most
experienced surgeons.
With extracanalicular tumors greater than 1 cm but less
than 3 cm, the success rate falls dramatically. The current
experience available for review suggests that no more than
one third of these patients will have satisfactory hearing.
The chance of preservation is apparently directly related to
the tumor size. Stereotactic radiosurgical techniques were
initially unsuccessful, particularly in patients with neuro
fibromatosis, and tumors larger than 1 cm were not suc
cessfully radiated. However, reports are now appearing
with newer techniques that allow radiation of even large

tumors. The initial reports generally covered only short
follow-up periods. Now the results of radiating larger tu
mors are appearing. In patients with preserved hearing,
functional hearing is retained in up to 60%.
My review of the current literature leads me to believe
that, in the hands of the most accomplished surgeons, hear
ing preservation is predictable only with small tumors. If
the tumor is within the canal or less than 1 cm in size, the
success rate for hearing preservation may be as high as 80%,
but is probably closer to 50%. The higher success rate of
some surgeons suggests that, with greater experience, the
80% level may be achievable. Preserving hearing in patients
with these small tumors is currently the greatest challenge
of acoustic neuroma surgery. Preserving hearing in those
with larger tumors (from 1 to 2.5 or 3 cm) is possible in
no more than 30 to 50%, and is probably lower than either
of these figures for tumors at the upper end of this range.
Beyond 3 cm, the chance of hearing preservation is ex
tremely small, certainly no greater than 10% at present.
Stereotactic radiosurgical techniques can now compete
with the suboccipital approach to preserve hearing in pa
tients with small and medium-sized tumors. With small
tumors, hearing is retained at a functional level in 60 to
80% of patients, depending on the report. With mediumsized tumors, however, the outcome of radiation is typically
better for preserving hearing. Sparing functional hearing in
patients with large tumors is accomplished more frequently
with radiation, but at the cost of substantially lower tumor
control.

Treatment Options
In discussing treatment options, it must be emphasized
that the most optimistic surgical reports indicate hearing
preservation in no more than 80% of patients with acoustic
tumors. This means a 20% failure rate as the best that can
be envisioned currently, and with all but the most favor
able circumstances, this figure falls precipitously.
The goal of surgery with these tumors is threefold: first,
cure the tumor; second, preserve all possible neurologic
function; and third, preserve functional hearing for as long
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as possible. But other factors must also be considered. Most
patients with NF2 are prone to developing additional neo
plasms: meningiomas, neurofibromas, schwannomas, and
intrinsic gliomas. Tumors at the cerebellopontine angle may
be multiple and may be on cranial nerves other than the
vestibular portion of the acoustic nerve. Neurofibromas
on these nerves are rare, but certainly not unknown. There
fore, the surgeon who decides to operate on one of these
tumors cannot automatically assume that the tumor is a
simple schwannoma of the vestibular nerve. All of these
factors must be considered in planning a therapeutic course.

Treatment Strategy
When the only visible tumors are bilateral acoustic tumors,
I make my decisions based on the size of the tumors and
the state of the patient’s hearing. If both threshold and
discrimination are normal bilaterally and the tumors are
small, the patient can be followed safely. However, rapid
loss of hearing is common and regular evaluations are re
quired. Because the growth potential of the tumors is not
known when they are first found, I use the following strat
egy. Images of the tumors are taken every 3 months during
the first year by using MRI with gadolinium enhancement.
I obtain a complete hearing evaluation every 3 months,
so that the patient is undergoing imaging or hearing tests
every 6 weeks during that year. If no growth has occurred
during the second year, I reduce the imaging studies to
two, but continue hearing examinations every 3 months. If
no changes occur, I reduce the imaging examinations to
yearly and reduce the hearing tests to every 6 months, but
I tell the patient to consciously alternate ears when using
the telephone and to notify me if he or she has any diffi
culty using the telephone with either ear. I have followed
one elderly patient for nearly 20 years who has had no
apparent change in tumor size or in hearing function. On
the other hand, I have seen patients whose tumors have
changed rapidly over 6 to 9 months. Therefore, all patients
need to be assessed regularly. The need for reevaluation in
the event of any apparent change should be made clear to
the patient.
With these patients and all others with bilateral acous
tic tumors, I make the assumption that eventually the worst
will happen and deafness will occur. Therefore, as soon as
the diagnosis is made, I insist that the patient begin to learn
sign language and take advantage of this period of good
hearing to do so.
The next scenario is usually the patient with bilateral
small tumors but significant hearing loss on one or both
sides. In my experience, once hearing loss begins, it is usu
ally progressive, and therefore I wish to act to preserve
hearing. If hearing is still functional on both sides, I choose
the largest tumor to be treated first and SRS is typically
my treatment of choice. If hearing is failing in one ear and
not the other, I treat the ear with the greatest hearing loss
first. I then follow the patient and check hearing bilaterally
on a regular basis, typically every 3 months. I treat the

remaining tumor only if there is evidence of growth or if
hearing begins to fail in that ear. If there are indications for
treatment, I typically use radiation in the second ear if the
radiotherapist believes the appropriate doses can be given.
If not, I proceed to microsurgery on the second ear as soon
as there is a clinical indication of hearing loss. Some pa
tients prefer surgery. Then, I choose either the smallest
tumor or the tumor side in which hearing has begun to
decline. Usually I operate on all tumors that are causing
degradation of hearing. Both the middle fossa or suboccipi
tal approach can be used, and a major goal of surgery is
preservation of hearing. This includes constant intraopera
tive monitoring. If everything goes well on the most symp
tomatic side, I delay surgery on the other side until tumor
growth is shown or some decline in hearing occurs. Then, I
have the option of either radiation or surgery. I still insist
that the patient begin to learn sign language even before
any treatment has begun. I do not withhold treatment, but
I encourage the patient to begin the process just in case.

Case Analysis
The case in point illustrates a common situation. One tumor
was of giant size and was removed, and the patient has lost
some hearing on the other side. I would make every effort
to preserve the remaining hearing, expecting that it would
be lost. I would have the patient begin learning sign lan
guage and wait to operate on the second side until that
educational process is complete. My indication for surgery
on the second tumor is growth demonstrated on an imag
ing study or declining hearing function. In this situation,
the patient now has 75% speech discrimination at 30 dB.
This is still satisfactory hearing function.
In my experience, once this hearing loss begins, it pro
gresses steadily. When hearing has declined below the level
of 50 dB and 50% speech discrimination, it is probably no
longer functional. We need to do something to preserve
hearing before that time, but we hope for the patient to be
proficient in sign language before running the risk of deaf
ness. Ideally, this patient began the educational process
shortly after the previous right-sided tumor was removed.
If not, I would begin that process immediately and institute
an evaluation program that would include repeated hear
ing studies in 6 weeks, 3 months, and then at 3-month
intervals while sign language is being learned. If rapid de
terioration occurs, I would operate on this patient through
the suboccipital route and attempt to preserve hearing; if
it does not, I would stage the surgery to proceed as soon
as the patient is proficient in sign language.

Delaying Surgery
An argument can be made for simply delaying surgery until
functional hearing is lost, in this way guaranteeing the pa
tient the longest possible period of hearing preservation.
Those who advocate this view are pessimistic about the
reported preservation of hearing, and point out that most

5 Management of a Vestibular Schwannoma  
of the reports do not clearly document hearing preserva
tion at a functional level. The more optimistic will say that
hearing can be preserved at least one third of the time in
patients with tumors like this, and that some report 50 to
80% rates of hearing salvage. Because the eventual outcome
of not treating this tumor will almost certainly be deafness,
they argue that even the 30% chance is better than the vir
tual certainty of deafness, and that preserving hearing in
the interim is less important than the chance of preserving
lifelong hearing.
The most comprehensive studies of patients with ex
pectant management of acoustic tumors are the extensive
evaluations done in Denmark. Over a 10-year period, up to
60% of patients did not demonstrate progression of disease,
though some of those patients did lose hearing. A spectrum
of papers suggests that, over an extended period, between
40 and 60% of patients with demonstrated acoustic tumors
will not have a progression of symptoms. Thus, it is reason
able to follow a patient who has a known acoustic tumor
but no symptoms. This is particularly true when the tumor
is in the single hearing ear. However, some authors have
reported less good outcomes with expectant nontreatment
of patients with acoustic tumors. Even though some loss of
hearing can occur, I think it is reasonable to simply observe
patients with asymptomatic or minimally symptomatic
tumors in the single hearing ear until tumor growth begins
or some evidence of hearing loss occurs. The patient does
need to know that some hearing loss is a possibility with
this approach, and the chance of preserving hearing with
any of the treatment options should be discussed with the
patient as well.
The use of cochlear implants has improved dramatically
in the past few years. The cochlear implant now provides
an excellent way to restore lost hearing to a functional
level, which is far superior to deafness. If at all possible dur
ing surgery, an anatomically intact auditory nerve should
be preserved. The use of cochlear implants is a great ad
vance in the treatment of these patients in whom the pre
vention of complete deafness is very important. I still ask
that these patients learn sign language, but the use of co
chlear implants has made this much less of a necessity than
it was in the past.

Choosing the Conservative Approach
At present, I still take a relatively conservative role with
these patients. The first goal must be to protect the patient’s
life and vital neurologic function. When these are not at
risk, preserving hearing is the most important factor in de
cision making. I want to plan treatment so that the patient
has been given adequate time to learn sign language and
the tumors are treated at a time when preserving functional
hearing is still a possibility. This approach means that tu
mors involving nonfunctional ears can be removed imme
diately. Hearing should be preserved for as long as possible
to allow the patient to become proficient in sign language
and begin the rest of the education that a potential life of
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deafness requires. The cochlear implant has the possibility
of restoring enough functional hearing that the patient will
not need sign language. I still ask the patients to learn when
ever possible, but the implants can prevent deafness in
many patients.
Stereotactic radiosurgery and microsurgery both offer
the patient an excellent chance for satisfactory treat
ment when surgery becomes necessary. In the hands of
experienced surgeons, microsurgical removal of small and
medium-sized tumors offers the best chance of cure and
hearing preservation, and retained hearing appears to be in
the 50 to 60% range. Radiosurgery is equally satisfactory.
Cure rates are lower, but recently reported rates of hearing
preservation are higher, at 60 to 80%. Increasingly, SRS is
the first choice for patients with small or medium-sized
tumors, particularly those with functional hearing in the
affected ear. I believe the data for larger tumors still favors
direct surgery, and hearing preservation is rarely an impor
tant issue for these patients. The data concerning nontreat
ment of these tumors is less clear, and the largest series
suggest that a significant number of patients harboring
acoustic tumors will not have a significant change in func
tion over the first 10 years at least. Some reports are less
optimistic. Therefore, I follow patients with careful hearing
examinations and MRI on a regular basis until I am satis
fied that tumor growth or some change in hearing is occur
ring. Once either is apparent, I proceed to treatment in the
ways that I have outlined. I prefer to be conservative and
watch these tumors for as long as possible to give the pa
tient the greatest period of functional hearing without the
risk of deafness.

Treating Giant Tumors
One other situation that is extremely difficult and requires
attention is a giant bilateral tumor, which is found in a few
of these patients. In these circumstances, the issue is pres
ervation of life and general function. The surgeon can rarely
take a conservative approach in these patients. Most of
these giant tumors have already caused deafness. If they
have not, I routinely operate on the side in which hearing is
less satisfactory and hope that surgery will not be required
on the opposite side until the patient learns sign language.
No one has presented data indicating that hearing can be
preserved in patients with larger tumors and, at present,
deafness must be considered the virtually certain conse
quence of the removal of bilateral large tumors. For that
reason, I remove the tumor on the side with the less ade
quate hearing or the one producing the more significant
symptoms, and hope to leave the other until the patient
can be prepared for deafness.

Conclusion
Preserving hearing is our greatest challenge in patients un
dergoing acoustic tumor surgery. It is now possible in some
patients, which is a considerable step forward, and contin
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ued improvements in surgical technique may make the
preservation of hearing in patients with functional ears

the rule rather than the exception. Until then, observation is
an appropriate approach only for some of these patients.

Moderator
Preserving Hearing in the Last Hearing Ear of Patients
with Neurofibromatosis Type 2
Stephen J. Haines
This patient has the misfortune of suffering from a condi
tion for which there is no consensus regarding the most
appropriate treatment, but for which each form of treat
ment offers the tantalizing prospect of success. She has
obtained quite different recommendations from interna
tionally recognized experts with a great deal of experience
in the treatment of her condition. My task is to help her
choose among the options.
The choice cannot be made on the basis of data compar
ing the treatment options, for no such scientifically accept
able data exist. We will have to rely on the far less accurate
method of interpreting the existing experience with the
proposed methods of treatment in the light of logic, our
own experience, and the patient’s preference with regard
to the likely outcomes. Although this is not a highly satis
factory way of resolving controversy, it is our only option
in the absence of good data comparing treatments.
It will help if we separate the two primary goals for a
patient in this situation: cure of her tumor and preserva
tion of her hearing. We will also assume that we wish to
minimize the morbidity of whatever form of treatment she
chooses.
Our experts have proposed two quite different forms
of treatment: immediate microsurgical resection with at
tempted hearing preservation or radiosurgery, possibly
with the subsequent placement of a cochlear implant when
hearing is lost. A third option always exists: to avoid active
therapy until such time as tumor or symptom progression
make treatment mandatory.

The First Goal: Curing the Tumor
In patients with NF2, “cure” is a term that does not apply.
Even a complete resection of one vestibular schwannoma
without recurrence does not leave the patient free of tumor.
The strength of the argument favoring curative procedures
over those that “control” tumors is lost in the setting of NF2.

The Second Goal: Preserving Hearing
Therefore, the primary goal in this case is maximal preser
vation of hearing. There is little doubt that, for short-term

preservation of hearing, the most conservative approach
has the best outcome. On any given day, the probability
that hearing will be preserved at its present level for the
next 24 hours is highest if no therapeutic intervention is
undertaken. The authors of this chapter have acknowl
edged that there is a clinically important risk of hearing
loss associated with the form of therapy they have recom
mended, and that hearing loss occurs at different times
after therapy and at different rates. Assessing the lifetime
impact of 3 years of gradually progressive hearing loss to
AAO-HNS class D hearing compared with 15 years of class
C hearing is not something we can objectively do. The pa
tient’s preference is the overriding factor in making this
choice.
The understanding of the impact on hearing between
surgery and radiosurgery on a 2.5-cm vestibular schwan
noma in a patient with NF2 requires excellent data with
reliable audiograms of patients followed for 5 or more
years after treatment. This information would have to be
compared with natural history information of equal qual
ity. Unfortunately, information of the necessary quality and
duration simply does not exist.
We are therefore left with questionable comparisons
of the best follow-up data available for the treatment op
tions. These data generally come from single-institution
series followed for variable periods of time. They are plagued
with selection bias (in referral and surgeon decision mak
ing) and a lack of generalizability. (They are most frequently
reported by the most experienced teams with results that
they hope will set them apart from others.) It is the best
available data and it is what the authors have used to make
their recommendations.
Samii and Gerganov propose operating on this patient’s
only hearing ear if, in addition to the data provided, the
auditory brainstem response is “good” according to their
own institutional criteria.3 Using this criterion and assum
ing the patient’s willingness “to take the risk of complete
hearing loss related to an early active treatment,” they sug
gest that there is an 86% chance of complete tumor removal
and a 65% chance of hearing preservation (in patients with
NF2 who had “useful” preoperative hearing). Their 1997
publication2 suggests that the cochlear nerve can be pre
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served in 59% of NF2 patients when anatomically intact
preoperatively. Unfortunately, the definition of hearing
preservation in this context is not clarified. In the authors’
cited studies, this is generally determined according to
their unique institutional classification of hearing (based
solely on the measured decibels of hearing loss without
reference to word recognition), which does not allow for
direct translation into the internationally accepted AAOHNS classification system.
These authors are extraordinarily good surgeons, but a
realistic assessment of the likelihood that hearing of func
tional quality can be preserved is not possible from their
published data. Furthermore, the fate of the hearing that is
preserved over time is not well described. Once surgically
preserved, does hearing decline faster, slower, or at the
age-expected rate of decline in the general population? We
simply do not know.
Neither can they provide us with any special insight into
the rate of loss of useful hearing that this patient can ex
pect or the likelihood that the slowly growing vestibular
schwannoma will cause neurologic dysfunction at any par
ticular time in the future. To make a decision, we are left,
then, to trust their judgment and rely on the patient’s per
sonal philosophy: take the risk up front, accepting the loss
of hearing if it happens, as opposed to delaying the loss of
hearing as long as possible, accepting that it will gradually
go away and that the eventual operation may be somewhat
more difficult.
Link, Driscoll, and Pollock, who are also very good tech
nical surgeons, interpret the same existing data and pro
vide an alternative recommendation: treat the tumor now
with SRS and expect that the patient has a 20% chance that
surgical intervention will be required and a 60% chance of
becoming functionally deaf sometime in the next 5 years.
These authors rely on a combination of their own and re
ported experience with tumor growth after radiosurgery to
produce the 20% surgical intervention estimate. They also
acknowledge that the surgery is sometimes technically
more difficult (and therefore of somewhat higher risk) when
done after radiation. There is clearly a subjective compo
nent to the decision to operate when tumor growth is seen
after radiosurgery, so this estimate must be taken with
some uncertainty. The hearing preservation rate, based on
the AAO-HNS classification system, is more objective and
has been reproduced at several centers and can be consid
ered relatively reliable.
They point out that some degree of hearing rehabilita
tion may be possible with a cochlear implant if the cochlear
nerve remains intact, although it is difficult to compare the
quality of that hearing directly with preoperative hearing
classified according to the AAO-HNS scheme. This possi
bility should also exist for patients in whom the cochlear
nerve is anatomically preserved surgically (59% in Samii’s
series2).
As posed by our authors, this is a decision between early
aggressive therapy and delaying tactics. The aggressive ap
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proach, when successful, may preserve hearing at a better
level than will eventually be achieved by the alternative,
and may prevent subsequent neurologic compromise from
a growing cerebellopontine angle tumor. However, there
are small risks of very serious complications and a signifi
cant risk of losing useful hearing at the time of surgery.
Delay clearly exposes fewer patients to sudden loss of the
hearing they have at the time of diagnosis and, supple
mented by radiosurgery, offers approximately a four in five
chance that no other intervention will be required in the
5 years that follow treatment. However, in those 5 years,
60% of patients will become functionally deaf. It is not
known if radiosurgery slows the rate of hearing loss in pa
tients with vestibular schwannoma.
The best available untreated cohort is that of Stangerup
and colleagues.47 These are not patients with NF2. Of 491
patients presenting with speech discrimination scores of
70% or better, 59% remained at 70% or better after a mean
of 4.7 years of follow-up. The worst prognostic group con
sisted of patients with less than 100% speech discrimina
tion at presentation; 38% of them retained hearing at or
above 70% speech discrimination. That figure is very simi
lar to the rate of preservation quoted by Link, Driscoll, and
Pollock, although the comparison is flawed by the in
complete measurement of hearing quality, nonsystematic
dropouts in all series, and the eternal question of whether
or not results in patients with sporadic vestibular schwan
noma can be applied reliably to patients with NF2.
So how would I advise this patient? In our clinic, we
have discussions very similar to those posed by the authors
here. We discuss what is known about the natural history
and the treated prognosis with radiosurgery and surgery.
We try to extol the benefits of each approach and expose
the flaws. We talk about the personal philosophy of the
patient, and we answer questions. Often the patient asks
what we would personally do—the surgeon, radiosurgeon,
and patient-managing physician, which in our case are all
the same doctor. We help the patient to a personally indi
vidualized decision among three reasonable and viable op
tions (watchful waiting, radiosurgery, and microsurgery),
and make sure the patient understands that any of the
three management approaches may be appropriate for a
given patient at a given time.
I would love to be able to tell the patient that there is
one right approach, but the state of our understanding and
the quality of data available simply make this impossible
to do with integrity. I think that the patient is best served
by consulting a center at which each of the three major
options is readily available, ensuring that there are no in
appropriate biases that would induce the treating team to
force the patient in one direction. In the end, this patient
must decide on a strategy that allows her to accept excel
lent results if they are achieved but also accept problems if
they occur. This can only happen if the patient is fully in
formed of all the options and the uncertainty that remains
in the data that support them.
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Chapter 6

Management of Trigeminal
Schwannoma: Microsurgical
Removal vs. Radiosurgery

Case
A 40-year-old patient comes for medical treatment for facial pain and numbness with mild hypoalgesia
and hypoesthesia in V2 and V3.

Participants
Total Removal of Trigeminal Schwannomas: Cristian Gragnaniello and Ossama Al-Mefty
Stereotactic Radiosurgery for Trigeminal Schwannomas: Douglas Kondziolka, Hideyuki Kano, and L. Dade
Lunsford
Moderator: Management of Trigeminal Schwannoma: Microsurgical Removal vs. Radiosurgery: Takeshi
Kawase
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Total Removal of Trigeminal Schwannomas
Cristian Gragnaniello and Ossama Al-Mefty

Case Presentation
The imaging study shows a dumbbell-shaped right-sided
skull-base lesion with a large component in the middle
fossa that extends into the posterior fossa. It is highly enhancing and further extends into the cavernous sinus anteriorly and toward the brainstem in its posterior component.
The imaging study shows a certain degree of bony erosion
of the petrous bone. This patient presented with facial pain
and numbness, hypoalgesia, and hypoesthesia in V2 and V3.
The clinical presentation and the radiological findings are
consistent with the diagnosis of a trigeminal schwannoma
rather than a neurofibroma; neurofibromas most likely involve the cavernous sinus but do not typically extend posteriorly further than Meckel’s cave.1
Trigeminal schwannomas are rare, benign lesions accounting for 0.07 to 0.5% of all intracranial tumors and 0.8
to 10% of all schwannomas. They arise from the Schwann
cells of the nerve sheath and therefore may be located anywhere along the entire course of the nerve. As reported
in the literature, 20% of trigeminal schwannomas emerge
from the cisternal segment, 50% from Meckel’s cave, and
5% from the distal intracranial segment. On magnetic resonance imaging (MRI), schwannomas are usually iso- or
hypointense on T1-weighted images and hyperintense on
T2-weighted images, and when contrast is administered
they show either homogeneous or rim enhancement.1

Surgical Approach
The surgical approach for such a tumor is tailored to each
patient, and proper selection is important to achieve total
removal, improve preoperative neurologic deficits, and alleviate postoperative deficits (Fig. 6.1). Trigeminal schwan-

nomas often involve the cavernous sinus space and extend
to the posterior fossa. Therefore, skull-base approaches have
shown many advantages for treatment, such as shortening
the distance to the lesion, eliminating retraction of the
brain, and facilitating the possibility of working below the
temporal lobe, while protecting the draining veins below
the intact dura. In particular, the extradural zygomatic middle fossa approach allows the removal of large dumbbellshaped trigeminal schwannomas and offers a multiplicity
of working angles to reach the tumor in its infratemporal,
intramaxillary, intrasphenoidal, or intraorbital extension
and in the cavernous sinus. Furthermore, the portion extending into the posterior fossa and compressing the brainstem can also be reached through the expanded Meckel’s
cave (Fig. 6.2).2,3
The patient is placed in the supine position with the ipsilateral shoulder elevated and the head rotated to the contralateral side, with the zygoma almost parallel to the floor.
The skin incision is carried 1 cm anterior to the tragus in
a curvilinear fashion, behind the hairline, to the superior
temporal line. The superficial temporal artery and the frontotemporal branches of the facial nerve are preserved. The
skin flap is dissected anteriorly and the thick areolar tissue
is left with the pericranial flap. At this stage, to preserve the
facial nerve, an incision is made 1 cm posterior and parallel
to its course along the zygomatic arch, keeping the nerve
protected between the superficial and deep temporal fascia
and the fat pad. The two fascias and the fat pad are then
reflected anteriorly with the skin flap. A subperiosteal dissection of the temporal muscle, incised posteriorly to the
superficial temporal artery, is carried from the root of the
zygoma forward to protect the middle temporal artery.
With the B1 attachment, the zygoma is detached with
oblique anterior cuts through the malar eminence and

a

b
Fig. 6.1a,b Axial contrast-enhanced magnetic resonance imaging (MRI) studies depicting a trigeminal schwannoma that expands into Meckel’s cave and extends in a dumbbell shape into

both the middle and posterior fossae. (a) Preoperative image.
(b) Postoperative image showing total removal.
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Fig. 6.2 Photograph of an anatomic model of a dumbbell-shaped tumor that expands into the orifice of Meckel’s cave and compresses
the trigeminal rootlet and ganglion.

through the root, posteriorly. The temporal muscle is detached at the level of the superior temporal line and reflected down with the zygoma to access the middle fossa. A
bur hole is made at the level of the temporal fossa floor,
a temporal craniotomy is designed, and the flap is elevated
(Fig. 6.3). The surgeon should localize important landmarks in the middle fossa to prevent injury to the neurovascular structures. The dura of the middle fossa is elevated
from the temporal fossa floor to expose and divide the
middle meningeal artery at the foramen spinosum with
a posterior-to-anterior and lateral-to-medial dissection
to prevent injury of the greater superficial petrosal nerve,
which could result in facial palsy. This nerve exits the facial

hiatus and runs in a groove on the floor of the middle fossa
in an anteromedial direction, passing under Meckel’s cave
to reach the foramen lacerum, where it joins the deep
petrosal nerve to form the vidian nerve. The greater superficial petrosal nerve is also an important landmark for locating the petrous segment of the internal carotid artery
and gaining proximal control over the cavernous internal
carotid artery.
The foramen rotundum and the maxillary division of
the trigeminal nerve are identified lateral and posterior to
the superior orbital fissure. The foramen ovale is located
1 cm posterior and lateral to the rotundum and transmits
the mandibular division of the nerve. The outer dural layer

Fig. 6.3 Artist’s illustration of the middle fossa zygomatic approach, including the skin incision, preserving the facial branches, sectioning of the zygoma, and the bone flap.
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Fig. 6.4 Artist’s illustration of the surgeon’s extradural middle
fossa view of a dumbbell-shaped trigeminal schwannoma with
exposure of the petrous carotid artery, the three divisions and
ganglion of the fifth cranial nerve, and entry into the expanded

Meckel’s cave. (From Al-Mefty O, Ayoubi S, Gaber E. Trigeminal
schwannomas: removal of dumbbell-shaped tumors through the
expanded Meckel cave and outcomes of cranial nerve function.
J Neurosurg 2002;96:453-463. Reprinted by permission.)

over the trigeminal division is elevated to expose the lower
cavernous sinus and peeled medially to expose the tumor
in that location (Fig. 6.4). The lesion can be reached between the divisions of the nerve or behind the ganglion.
The tumor is carefully debulked with suction because of
its soft consistency, and it is followed posteriorly through
the expanded Meckel’s cave. Once debulked, it is carefully
dissected from the roots, ganglion, and divisions to save the
fascicles that are not involved with the tumor.
There is no need to drill the petrous apex or section the
tentorium because the enlarged mouth of Meckel’s cave
offers a natural pathway between the middle and posterior
fossae to follow the lesion into the posterior fossa. If
needed, the mouth can be enlarged with an upward incision toward the superior petrosal sinus, which might require coagulation and sectioning of its most anterior part.
In the posterior fossa, the lesion can be safely dissected
from the brainstem, rootlets, and basilar artery if an intraarachnoidal plane of dissection is maintained (Fig. 6.5).
Fragments of the tumor may be present in the infratemporal and pterygoid fossae; these can be excised after the
floor of the middle fossa is removed between the foramen
ovale and the rotundum. Fragments along the superior orbital fissure can be extirpated to remove the middle fossa
floor between the foramen rotundum and the superior
orbital fissure. If the middle fossa floor is drilled, it can be

reconstructed with a vascularized temporal muscle flap to
prevent cerebrospinal fluid leaks.3

Discussion
Trigeminal schwannomas are benign and slow-growing
lesions; however, their location has been the cause of morbidity in the past. These tumors can arise from any segment
of the nerve (root, ganglion, or any one of the three divisions) and extend into more than one compartment, resulting in a more challenging treatment. This is particularly
true in the case described here.
The first classification of trigeminal schwannomas proposed by Jefferson in 1959 was modified by Day and Fukushima4 and others to include different features of the
tumor, such as the degree of extension into the multiple
fossae and the degree of bony erosion of the petrous apex4,5
(Table 6.1) (Figs. 6.6, 6.7). In earlier cases, these lesions
were removed through conventional approaches but with
high morbidity and recurrence reaching 70% and 65%, respectively.6,7 Some authors have noted the difficulty in
removing dumbbell-shaped schwannomas via the subtemporal and retrosigmoid approaches.8
The introduction of skull-base approaches and, more
recently, extradural approaches has proved helpful in tackling the intradural portions of the lesion. The additional
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Fig. 6.5 Artist’s illustration of the surgeon’s view after the
posterior fossa extension of the tumor has been reached and
removed through Meckel’s cave, exposing the basilar artery and
the brainstem. (From Al-Mefty O, Ayoubi S, Gaber E. Trigeminal

schwannomas: removal of dumbbell-shaped tumors through the
expanded Meckel cave and outcomes of cranial nerve function.
J Neurosurg 2002;96:453-463. Reprinted by permission.)

extradural approach used by Dolenc9 and Day and Fukushima4 enhanced the results of previous series. We found
the zygomatic middle fossa approach and the zygomatic osteotomy, respectively, advantageous in achieving extradural
total removal and minimizing retraction on the temporal
lobe while providing multiple working angles. The zygomatic middle fossa approach exposes the tumor in every
location, even in the posterior fossa. We maintain, however,
that a different approach is needed for the very caudal extension of the tumor below the facial and acoustic nerves.3
Because this lesion is benign, it does not invade neural or
vascular structures that are only displaced. Dissection from
the fibers of the trigeminal nerve is possible with microsurgical techniques to preserve and improve nerve func-

tion (75% improvement of facial pain and 80% improvement
of trigeminal motor function). The introduction of skullbase approaches to the treatment of trigeminal schwannomas offers the possibility of total removal with very good
outcomes and low morbidity. During skull-base procedures,
intraoperative neurophysiological monitoring offers the surgeon additional safety in removing lesions that involve and
displace cranial nerves. More specifically, this type of monitoring allows the surgeon to locate the involved cranial
nerves, which confirms nerve function during surgery and
forecasts the surgical outcome.
In a previous report, the senior author (O.A.) analyzed
the microsurgical total resection of 25 trigeminal schwannomas, of which only 24% involved the middle fossa alone
and 76% involved both the middle and posterior fossae. All
tumors involved the cavernous sinus. After surgery, all preoperative deficits of the cranial nerves (rather than just the
trigeminal nerve) and all brainstem and cerebellar symptoms were alleviated. There was a remarkable improvement in 75% of patients who presented with facial pain,
80% of those suffering from motor trigeminal weakness,
and 44% of those with facial numbness. Only 13% of the
lesions recurred and 12% of patients had worsening or new
deficits in trigeminal function. The mean age of the patients at the time of treatment was 44 years.3
Pamir and colleagues10 reported on a series of 18 patients in which 50% of the lesions were Jefferson type C tri-

Table 6.1 Jefferson’s Classification of Trigeminal
Schwannomas
Type

Description

A

Tumors located mainly in the middle fossa that arise
from the gasserian ganglion

B

Tumors located predominantly in the posterior fossa
that arise from the root of the trigeminal nerve

C

Tumors with significant components in both middle
and posterior fossae
Dumbbell-shaped tumors
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Fig. 6.6a–c MRI studies depicting the three types of trigeminal
schwannomas in the Jefferson’s classification. (a) Tumor located
mainly in the middle fossa that arise from the gasserian ganglion.
(b) Tumor located predominantly in the posterior fossa that arise
from the roots of the trigeminal nerve. (c) Tumor with significant components in both middle and posterior fossae (dumbbellshaped) tumors.

a

b

c
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b

Fig. 6.7a,b Contrast-enhanced MRI studies of a giant trigeminal
schwannoma that extends into the infratemporal fossa along the
division. (a) Coronal image. (b) Sagittal image.

a

geminal schwannomas and only two patients had a tumor
smaller than 2 cm. They reported one recurrence and one
subtotal removal, and 16 patients were free of tumor at
134 months. Zhou and associates11 described a series of
57 cases of dumbbell-shaped Jefferson type C trigeminal
schwannomas (50% more than 40 mm in diameter and 26%
more than 50 mm). They reported a total removal rate of
87% and only one recurrence at a mean follow-up of 10
years. The neurologic function of cranial nerves improved
in 93% of patients with facial numbness, 83% with deteriorating trigeminal motor function, 80% with palsy of the
sixth and seventh nerves, and 75% with palsy of the ninth
and tenth nerves and cerebellar or brainstem signs. They
treated 38 patients with the gamma knife with a 65-month
follow-up, and reported that 83% of the tumors decreased
in size, 5.7% remained stable, and 8.6% increased with
worsening trigeminal function in 25% of patients. They
also reported four patients in whom surgical removal was
incomplete but the residual tumor did not grow during
long-term follow-up. In only one case (25%), it grew after
5 years, requiring further treatment.
In 2006, Moffat and colleagues12 reported a small series
of eight patients surgically treated. This report is important
because of the characteristics of the lesions, which were
more similar to those routinely radiated (50% Jefferson
type A). The outcome was excellent: 100% of facial pain and
62.5% of facial numbness resolved. Sarma and associates13
reported on 26 trigeminal schwannomas with a gross total
resection in 100% of patients and the preservation of cranial nerve function, which reflects our experience. It is
important to emphasize that, in 100% of patients, they

were able to dissect the tumor from the trigeminal nerve,
preserving its function in all patients with a medium-sized
tumor (2.5 cm or less). Yoshida and Kawase8 reported a
comprehensive series of trigeminal schwannomas involving
multiple fossae. The lesions operated on through skull-base
approaches were totally removed in 15 of 18 patients. Two
of the recurrences, representing 11% of the series, had been
treated first at other institutions. Only four patients had
tumors of 3.5 cm or less whereas the others had a mean
diameter of 4.9 cm (range 3.5 to 8 cm). In the small series
of five trigeminal schwannomas reported by Mariniello and
associates,14 all the tumors were located in the cavernous
sinus. The authors observed an improvement of facial pain
in all patients with no recurrences or complications.
Recently, different series of stereotactic radiosurgery
(SRS) have shown good control of tumor growth in patients
with small trigeminal schwannomas (less than 3 cm in
diameter) with a short follow-up. It is very difficult to compare the results of surgery and radiosurgery in the treatment of trigeminal schwannomas for multiple reasons,
including the different size of treated lesions, the different
times of onset of complications, and the short follow-up
for radiosurgery. Regardless, it is the comparison between
the two modalities that is the focus of the controversy.
Hasegawa and colleagues15 treated 37 patients affected with
trigeminal schwannomas using the gamma knife. The mean
dose delivered to the tumor was 27.9 Gy and the marginal
dose was 14.2 Gy. Only 22% of the tumors were type C
(dumbbell shaped) and only 16% of the patients had compression of the brainstem with deviation of the fourth ventricle. At 54 months of follow-up, there was good tumor
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growth control in 84% of patients whereas 14% suffered
from an enlargement of the lesion or uncontrollable facial
pain with radiation-induced edema that required surgical
extirpation. There was no difference in the outcome of patients who underwent gamma knife surgery as a first treatment or after previous surgery. The functional outcome of
the cranial nerves improved in 40% of the patients, with
worsening or the onset of new symptoms in 14%.
Phi and associates16 treated 22 patients and reported at
2-year follow-up. Eleven tumors were dumbbell shaped and
82% of patients underwent radiosurgery as a first treatment.
The outcome showed persistence in trigeminal pain in 27%
of patients, facial hypoesthesia in 63%, motor trigeminal
weakness in 15%, and sixth nerve palsy in 50%. Facial dysesthesia was permanent in 13.6% of patients and 4.5% experienced worsening of preexisting trigeminal pain. New
deficits were observed in 27% of patients. Overall, there
was good tumor growth control, with only 4.5% of patients
having uncontrolled lesions. The most interesting data in
the series relates to the presence of tumor in the cavernous
sinus, with the development of new deficits in 42.8% of
patients. Pan and associates17 reported on a series of 56 patients treated with the gamma knife, with results that overlap those of other reports for the same technique. The data
from patients with uncontrolled tumors show an increase
in recurrence in those affected by tumors with a diameter
greater than 30 mm compared with those affected by tumors of 30 mm in diameter or less by a 3:1 ratio. Huang and
colleagues18 examined a series of 16 patients whose tumors
were well controlled at 44-month follow-up and found no
worsening of preexisting symptoms and improvement of
31. In a series of 23 patients treated for trigeminal schwannomas, Nettel and coauthors19 reported tumor growth in
9% of patients at follow-up, 9% with a new onset of symptoms, and 4.3% with peritumoral changes.
Radiation-induced changes in neural tissue are well
known and often have an insidious onset, especially in the
long term. Trigeminal schwannomas mostly occur in the
third and fourth decades of life in patients with a long life
expectancy, but have also been reported in children and
young adults.15–17,19 Radiation-induced injuries to small
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brain vessels are known to manifest shortly after treatment. Radiation vasculopathy of larger vessels, however, is
not well recognized, and there are few reports that suggest
reconsidering its incidence even with small doses of radiation, as in gamma knife surgery, especially when treating
the cavernous sinus and brainstem for benign lesions. We
focused on the possibility of dissecting the tumor from the
fascicles of the trigeminal nerve using microsurgical techniques. Morita and colleagues20 have suggested that 19 Gy
is a safe dosage to be delivered to the trigeminal nerve.
When the nerve is affected by the tumor, it is difficult on a
radiological image to discern the tumor from the normal
healthy nerve while delivering, in most cases, a mean dose
of 27 Gy to the tumor.
As we have noted previously, the use of the gamma
knife after failed surgery is as safe and effective as its use
in patients who were never surgically treated. But this
statement is not valid when we analyze data from patients
undergoing surgery after the failure of treatment with the
gamma knife. In these patients, the tumors adhere tightly
to vital structures such as nerves, vessels, and the brainstem, making total removal very difficult and with greater
risk. Gwak and associates5 reported that, in cases of sub
total removal of a trigeminal schwannoma, the isolated
residual tumor was stable after 5 years in 75% of patients,
suggesting that, in cases of subtotal removal, it is worthwhile to wait and observe the residual until it grows. An
important limit in the discussion of surgery versus radiosurgery series lies in the fact that most patients included
in the surgery series are not suitable for radiosurgery because their lesions are too big to be irradiated. Because trigeminal schwannomas are benign, slow-growing lesions
that mostly present in the third and fourth decades of life,
we believe they must be treated surgically by experienced
surgeons who persistently aim for total removal. Patients
with a progressive tumor who are not surgical candidates,
or who have residual or a recurrent tumor that cannot be
removed, can be referred for radiosurgery, as current reports indicate that this modality induces good control of
tumor growth and acceptable cranial nerve outcomes, but
at a relatively short follow-up.

Stereotactic Radiosurgery for Trigeminal Schwannomas
Douglas Kondziolka, Hideyuki Kano, and L. Dade Lunsford

Case Presentation
The presented case is that of a 40-year-old with a history of
facial pain and numbness, and the neurologic examination
noted mild hypoesthesia and hypoalgesia in the second and
third trigeminal divisions. The axial contrast-enhanced MRI

shows a mass in the right cavernous sinus extending along
the course of the trigeminal nerve. It has a dumbbell shape
that is typical of a trigeminal schwannoma.
The management of this patient includes both diagnosis
and therapy, and the differential diagnosis for a lesion in
this location could include a schwannoma, meningioma,
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lymphoma, metastasis, hemangioma, or nonneoplastic process such as granulomatous inflammation. The latter would
be unusual in this case because of the extent of lesion outside the cavernous sinus. A metastasis would be less likely
in a patient at this age and without a cancer history. The
presentation and shape of the tumor are most consistent
with a trigeminal schwannoma. We would therefore make
that diagnosis without histology sampling and would manage the patient as such.
Therapeutic options include observation with serial imaging studies, microsurgical resection (complete or partial),
SRS, fractionated radiotherapy, or combined approaches.
Because this patient is symptomatic, we favor treatment
over observation, and because the tumor is fairly small in
volume, the patient is an ideal candidate for radiosurgery.
In our experience, gamma knife radiosurgery is associated
with a high rate of tumor response and regression and possible improvement in symptoms. This could be achieved
without exposing the patient to the risks of craniotomy, or
to a higher chance of impaired neurologic function or vascular injury.

Background
Trigeminal schwannomas are slow-growing, benign nerve
sheath tumors that are uncommon compared with vestibular schwannomas.21–25 They account for less than 1% of all
intracranial tumors and 0.8 to 8% of all intracranial schwannomas.7,21–27 Despite continued improvements in cranialbase surgical techniques, including endonasal surgery, a
tumor’s adherence to adjacent critical neurovascular structures makes complete removal difficult.7,8,22–24 When such
removal is attempted, new postoperative neurologic deficits are common.7,13,18,23,27 The rate of new or worsened
trigeminal function after tumor removal varies from 13 to
86%.7,8,22,23,28
There is increasing literature about the value of SRS for
patients with trigeminal schwannomas.4,29–34 In a recent

r eview, we retrospectively assessed tumor control, clinical
response, the risk of adverse radiation effects, and variables
that affect treatment outcomes.26

Clinical Experience with Gamma
Knife Radiosurgery
Over a 16-year interval before 2005, 33 patients with trigeminal schwannomas underwent SRS at the University of
Pittsburgh with the gamma knife manufactured by Elekta
Instruments (Norcross, GA) (Table 6.2). There were 17 males
and 16 females with a median age of 49.5 years (range
15.1–82.5 years). Eleven patients (33%) had prior surgical
resection and one patient was diagnosed through stereotactic biopsy. Twenty-two patients (67%) underwent SRS
as primary management. As in the case presented, in our
series the diagnosis was based on a combination of clinical
symptoms or signs and confirmatory neuroimaging findings. All tumors extended along the course of the trigeminal nerve, had diffuse contrast enhancement identified by
MRI, and had no dural tail. Six patients underwent SRS at
the time of tumor recurrence identified by imaging. Tumor
progression after initial management was defined as an
increase in tumor volume delineated on MRI. The median
duration between last surgical removal and progression
was 22.1 months (range 9.4–76.5 months).
The classification of each lesion was based on the location of the tumor, and the tumors were classified into one
of three types: root (tumor predominantly located in the
posterior fossa); ganglion (tumor predominantly located in
the middle fossa); and dumbbell (tumor involving both the
middle and posterior fossa),35 as in the case presented.
In our patients, the median tumor volume was 5.0 cm3
(range 0.5–18.0 cm3), similar to that of the presented case.
A median of six isocenters (range 1–13) was used for dose
planning. The median prescription dose delivered to the
tumor margin was 15 Gy (range 12–22 Gy), and the prescription isodose was 50% in all cases. The maximum dose

Table 6.2 Characteristics of Patients (n = 33) in the University of
Pittsburgh Series
Median age (range)

49.5 (15.1–82.5)

Male

17

Female

16

Type: Root

6

Ganglion

17

Dumbbell

10

Solid

31

Cystic

2

Prior surgery
Mean/median target volume (cm3) (range)

11
5.0/4.2 (0.5–18.0)

Mean/median margin dose (Gy) (range)

15.0/15.0 (12–20)

Mean/median maximum dose (Gy) (range)

29.9/30.0 (24–40)
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Fig. 6.8a–d (a) Axial MRI of a 44-year-old woman with facial
numbness at the time of radiosurgery showing a dumbbellshaped trigeminal schwannoma. (b) At 4 months, the MRI showed
expansion of the tumor with central contrast loss. (c) However, at

8 months there was a marked decrease in volume. (d) The 7-year
follow-up MRI showed complete resolution of the tumor without
any cranial nerve deficit.

varied from 24 to 40 Gy (median 30 Gy). All patients had a
minimum follow-up of 6 months (range 7.2–147.9 months),
and 24 patients had a follow-up of 24 months or more. The
mean follow-up time was 6 years.

response was seen in 15 tumors (three root, eight ganglion,
and four dumbbell). In 12 patients, the appearance of the
tumor remained unchanged after radiosurgery (three root,
seven ganglion, and two dumbbell). Delayed in-field tumor
progression was seen in four cases (one ganglion and three
dumbbell type), although two have required no further
treatment. Two of four patients who had tumor progression underwent repeated SRS. One patient underwent repeated, staged SRS 5.5 years after the initial SRS. At the first
stage, we treated the cerebellopontine angle component
(tumor volume 8.5 cm3, margin dose 12 Gy). At the second

Tumor Response After Radiosurgery
Follow-up imaging studies showed tumor control in 29
(87.9%) of 33 tumors after SRS. After radiosurgery, a complete resolution of volume was identified in two tumors
(one ganglion and one dumbbell type) (Fig. 6.8). A partial
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Table 6.3 Cranial Nerve Response to Radiosurgery (n = 33)
After SRS
Before SRS

Improved

No change

Worse

0

0

0

0

Neuropathy

7

0

6

1

Pain

2

0

2

0

Abducens

2

1

1

0

Facial

0

0

0

0

Acoustic

1

0

1

0

Oculomotor

1

0

1

0

Trochlear

2

1

1

0

16

7

7

4

6

2

3

2

Abducens

7

4

1

2

Facial

1

0

1

0

Acoustic

2

0

2

0

Prior surgery (n = 11)
Trochlear
Trigeminal

No prior surgery (n = 22)

Trigeminal

Neuropathy
Pain

Abbreviation: SRS, stereotactic radiosurgery.

stage, 3 months later, the patient underwent SRS for the
middle fossa component (tumor volume 17.5 cm3, margin
dose 12 Gy). Two years after the second stage, the tumor was
resected because of continued tumor growth and worsening facial sensory loss. Another patient underwent repeated
SRS 26 months after the initial SRS. Six years later, both the
tumor volume and symptoms remained unchanged. Two
of four patients with slight tumor progression had no additional treatment. One patient with tumor growth (estimated volume increase of 300%) had no new symptoms
6 years after SRS. The progression-free survival after SRS
was 97.0%, 88.3%, 82.0%, and 82.0% at 1, 3, 5, and 10 years
after SRS, respectively.
A larger SRS target volume, male sex, and a dumbbelltype tumor were associated with worse progression-free
survival. Other variables (age, neurofibromatosis type 2,
cystic or solid tumor, margin dose, and prior surgical resection) were not significantly associated with better progression-free survival.

Tumor Configuration
In our series, six of 33 patients (18.2%) had root tumors, 17
(51.5%) had ganglion tumors, and 10 (30.3%) had dumbbell
tumors. Four of the 33 patients (12.1%) showed progression
in the SRS volume, but none of the six patients with root
tumors showed progression after radiosurgery. One of 17
patients (5.9%) with a ganglion tumor exhibited progression
within the SRS volume, whereas three of 10 patients (30%)
with dumbbell tumors did so. With respect to tumor location, the 5-year progression-free survivals of patients with
the root, ganglion, and dumbbell tumors were 100%, 91.7%,

and 56.3%, respectively. Patients with root and ganglion tumors had a 1-, 5-, and 10-year progression-free survival of
100%, 93.8%, and 93.8%, respectively. Those with dumbbell
tumors had 1-, 5-, and 10-year progression-free survival of
90.0%, 56.3%, and 56.3%, respectively. The dumbbell tumors
were associated with lower rates of control (p = 0.0314),
although an excellent response occurred in some patients.
Because tumor volume is always important, we found in
this series that a volume of less than 8.0 mL was significantly associated with better tumor control (p = 0.0007).

Neurologic Deficits
As in the case presented, all patients in our series had neurologic symptoms related to their trigeminal schwannoma.
After SRS, 11 of the 33 patients (33.3%) had clinical improvement in symptoms or signs at a median of 9.5 months
(range 2.7–88.5 months). One of 11 patients (9.1%) who
had prior surgical removal exhibited improvement in neurologic symptoms and signs, whereas 10 of 22 patients
(45.5%) who had no prior surgical removal showed significantly better improvement in neurologic symptoms and
signs (p = 0.0367). Eight of 11 improved patients (72.7%)
also had a reduction in their tumor volume. We noted improvement in oculomotor nerve function in one of two
patients and in trochlear nerve function in one of two patients. Seven of 23 patients (30.4%) with trigeminal neuropathy improved, as did two of eight patients (25%) with
facial pain. Five of nine patients with abducens nerve palsies improved while three of 33 patients (9.1%) had progression of their neurologic deficits. Two patients developed
new trigeminal deficits (facial sensory loss and pain) and
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both had tumor progression. Ten of 22 patients (45.5%) who
underwent primary SRS (no prior surgery) exhibited improvement of their neurologic symptoms (Table 6.3).

Radiosurgical Morbidity
After SRS, two patients (6.1%) in our series developed suspected adverse radiation effects. Two patients with roottype trigeminal schwannomas (who received 13 Gy and
15 Gy at the tumor margin) showed increased peritumoral
T2 signal changes. Neither patient developed new symptoms, and both were successfully treated with oral corticosteroids.
Trigeminal schwannomas are typically managed with
surgical resection, and newer generation skull-base approaches allow better tumor exposure and require less brain
retraction. Nonetheless, the surgical removal of a trigeminal
schwannoma is still associated with the development of
new neurologic deficits in 13 to 86% of patients and persistent, high rates of cerebrospinal fluid leakage.22,23,27,28,36,37
Although total surgical removal is a reasonable goal for trigeminal schwannomas, less morbid alternative strategies
warrant further evaluation. In addition, minimally invasive
methods are needed when tumors recur. Additional therapeutic options for trigeminal schwannomas include fractionated external beam radiotherapy and SRS.15,18,38

Other Series
Pollock and colleagues39 reported outcomes after gamma
knife radiosurgery in 24 patients with nonvestibular
schwannoma; 10 of these patients had trigeminal schwannomas. They reported tumor control in nine of these 10 patients with trigeminal schwannomas. Three developed new
or worsening trigeminal dysfunction after SRS. Pan and associates17 treated 56 patients with trigeminal schwannomas
using gamma knife radiosurgery and reported a 93% tumor
control rate at a mean follow-up of 68 months. Hasegawa
and coworkers15 treated 37 patients with trigeminal schwannomas and reported actuarial 5- and 10-year tumor control rates of 84% at a mean follow-up of 54 months.
In their series, Hasegawa and coworkers noted that
larger tumors greater than or equal to 15 cm3 were more
likely to progress despite SRS. In our present series, the
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3-year progression-free survival by tumor volume of less
than 8.0 cm3 and 8.0 cm3 or more were 94.4% and 64.3%,
respectively. A target volume of less than 8.0 cm3 was significantly associated with better progression-free survival
(p = 0.0007). Hasegawa and coworkers emphasized the importance of location. In their experience, all but one tumor
located predominantly in the middle fossa was successfully
treated. Tumor control was achieved significantly less frequently in patients whose tumors compressed the fourth
ventricle (p = 0.01). In our current series, dumbbell tumors
had a higher rate of later tumor progression, which is likely
related to increased tumor volume. We suspect that root
and ganglion tumors are recognized at an earlier stage.

Symptomatic Relief
In their series, Pan and associates17 noted that 25% of patients experienced complete relief of symptoms, 44% had
improved symptoms, 14% had no change in symptoms, and
9% had slight worsening of symptoms. Hasegawa and colleagues15 reported that 40% of their patients noted improvement in their symptoms. One third of our patients
exhibited improvement in neurologic symptoms and 58%
had no change. Three patients (9.1%) had delayed worsening of neurologic function and two of these developed facial anesthesia and facial pain due to tumor progression.
Ten of 22 patients (45.5%) who underwent SRS for initial
management had improvement in neurologic symptoms,
whereas 10 who underwent initial surgical removal had no
improvement in neurologic symptoms after SRS. Patients
with no prior resection were more likely to improve. We
noted that associated trochlear or abducens nerve dysfunction improved in approximately half of affected patients.

Conclusion
Patients who have smaller volume trigeminal schwannomas are ideal candidates for radiosurgery as an alternative
to surgical resection. Larger dumbbell-shaped tumors may
benefit from a combined approach of both resection and
radiosurgery for any residual tumor. The majority of patients with trigeminal schwannomas can be expected to
have a good neurologic outcome with the available treatment approaches.
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Moderator
Management of Trigeminal Schwannoma: Microsurgical
Removal vs. Radiosurgery
Takeshi Kawase
The improvement in surgical techniques for removing trigeminal schwannomas may be one of the most prominent
recent advancements in neurosurgery because it allows us
to understand the microsurgical anatomy of the meninges
of the parasellar compartment and the tumor location.19,40
One characteristic of a trigeminal schwannoma is its extension into multiple fossae, namely the middle and posterior
fossae through Meckel’s cave.8 It seldom extends into the
cavernous sinus, however, and can be excised with a less
invasive technique without exposing the temporal lobe
and the cavernous sinus, as illustrated in Gragnaniello and
Al-Mefty’s section.
Even with its complicated location, the tumor is mostly
separated from the cavernous sinus by a thickened inner
layer, and any injury to ocular function can be prevented by
careful preservation of the membrane. The trunk of the trigeminal nerve is preserved, leading to mild and acceptable

postoperative facial hypesthesia.3,8,41 Therefore, the gross
total removal of a trigeminal schwannoma can be done
less invasively than for acoustic tumors, which do not have
such a membrane between the tumor and the cranial nerve
VII–VIII complex. Complete surgical excision of a trigeminal schwannoma after radiosurgery, however, is more difficult because of the tumor’s adhesion to the surrounding
structures, as shown in one of our patients (Fig. 6.9).
The golden standard of treatment for symptomatic benign tumors is total surgical removal, if it can be done with
minimal neurologic deficit. This standard might not change
even with the development of radiosurgery. Therefore, surgical removal should be the first choice, with radiosurgery
reserved for cases of incomplete surgical removal or for
elderly patients who do not have surgical indications. Asymptomatic or small tumors found incidentally can be observed without treatment.

a

c

b

Fig. 6.9a–c (a) An example of a trigeminal schwannoma that
regrew after treatment through surgery and with the gamma
knife. The MRI with gadolinium enhancement shows a dumbbellshaped tumor. The patient had undergone previous surgery
through the pterional approach to remove the parasellar part, and
the portion in the posterior fossa was treated with the gamma
knife. (b) The T2-weighted MRI shows perifocal edema in the
brainstem. (c) The postoperative MRI after the anterior petrosal
approach. The portion in the middle fossa was removed, but the
posterior fossa tumor (white arrow) could not be removed because of severe adhesion to the brainstem.
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There are three surgical approaches to trigeminal
schwannomas: Dolenc’s approach, the anterior petrosal
approach, and the zygomatic petrosal approach.49 I must
add a comment about the illustrative surgical technique to
simplify the selection of the surgical approach.51 Dolenc’s
approach might have an advantage for tumors having a
major part in the middle fossa, or for dumbbell tumors having a wide opening of Meckel’s cave, because tumor excision
can take place through the widened Meckel’s cave without
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incision of the tentorium (Fig. 6.6).3 In contrast, the anterior petrosal approach has an advantage for h
 ourglassshaped tumors with minimal widening of Meckel’s cave.
Opening of the orbit and superior orbital fissure, therefore,
might not be necessary if the tumor can be accessed more
subtemporally with the anterior petrosal approach. Such a
combined approach (the zygomatic petrosal approach) could
be useful for a huge dumbbell tumor extending into three
fossae, the middle, posterior, and infratemporal fossae.
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Chapter 7

Surgical Removal
of a Pituitary Macroadenoma:
Endoscopic vs. Microscopic

Case
A 45-year-old man presented with bitemporal hemianopsia and a nonsecreting pituitary tumor.

Participants
Is the Endoscope Useful for Pituitary Tumor Surgery?: Atul Goel
Endoscopic Removal of a Pituitary Macroadenoma: John A. Jane, Jr., Stephen J. Monteith, and Michael S.
McKisic
The Endonasal Combined Microscopic Endoscopic with Free Head Navigation Technique to Remove Pituitary
Adenomas: Ossama Al-Mefty, Mohamad Abolfotoh, and Cristian Gragnaniello
Moderator: Surgical Removal of a Pituitary Macroadenoma: Endoscopic vs. Microscopic: Mario Ammirati

95

96  

Controversies in Neurosurgery II

Is the Endoscope Useful for Pituitary Tumor Surgery?
Atul Goel
The introduction of the microscope drastically changed the
entire visual aspect of pituitary tumor surgery. Good depth
lighting and the ability to work with comfort and ease have
made it possible for the surgeon to control the conduct of
the entire operation. Thus, pituitary tumor surgery has become one of the most results-oriented neurosurgical procedures. After successful surgery, there can be a dramatic
and immediate improvement in vision, a reversal of acromegaly and cushingoid features, and other similar results.
Giant pituitary tumors are among the most complex
neurosurgical challenges. Despite their histologically benign nature, some of these tumors grow to a massive size.
Because of the invasiveness and size of such tumors, surgical resection is difficult and, in some cases, dangerous.1 But
because the results of radiation therapy are inconsistent,
surgery forms the mainstay of treatment.
The diagnosis of a pituitary tumor usually can be made
on the basis of clinical features and their classic anatomic
extensions seen on imaging.2 Surgical biopsy for histological confirmation has no relevance. Small or partial resections can be dangerous, as bleeding from the residual tumor
is frequent, an event defined earlier as “postoperative pituitary apoplexy.”1 Successful radical resection of the tumor
can rapidly dispel symptoms and lead to an excellent longterm clinical outcome. After such resection, the recurrence
rate of these tumors is low.

Grade III pituitary tumors elevate the roof of the cavernous sinus superiorly (Fig. 7.3).
Grade IV pituitary tumors transgress the boundary of
the diaphragma sellae and enter the subarachnoid spaces of the brain (Fig. 7.4). These tumors
encase the arteries of the circle of Willis and are
considered aggressive because of their anatomic,
clinical, and surgical behavior.

The Use of the Endoscope in Pituitary
Tumor Surgery
In use for quite some time now, endoscopes are currently
being recommended for several neurosurgical operations.
The superiority of the endoscope in treating tumors of the

Anatomic Grading of Giant Pituitary
Tumors3,4
a

Giant pituitary tumors have a maximum transverse dimension of at least 3 cm and can be divided into four grades:
Grade I tumors are located within the confines of the
sella, remain underneath the superiorly elevated
diaphragma sellae, and do not invade the cavernous sinus (Fig. 7.1). The diaphragma sellae is
stretched superiorly, sometimes even beyond the
corpus callosum, and it covers the entire superior
dome of the pituitary tumor. Although the suprasellar extension of the tumor is intracranial, it is
referred to as subdiaphragmatic.
Grade II pituitary tumors invade the cavernous sinus
(Fig. 7.2). There is no exact anatomic or histological reason why some tumors extend into the cavernous sinus and some do not. Although several
studies discuss the issue, the nature of the membranes that demarcate the cavernous sinus from
the pituitary gland remains controversial.5 Transgression of the lateral dural wall of the cavernous
sinus has not been reported.

b
Fig. 7.1a,b (a) Contrast-enhanced sagittal magnetic resonance
imaging (MRI) of a grade I pituitary tumor. The diaphragma sellae
is elevated by the giant tumor. (b) Coronal image of the tumor.
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Fig. 7.2 Coronal MRI of a grade II tumor. The cavernous sinus is
invaded by the tumor.

paranasal sinus and clival regions and medial extradural
cavernous sinus tumors is now accepted. The campaign in
favor of the use of the endoscope has been quite intense.
Even the general population has come to know this tool,
and some patients even demand that their pituitary surgery be done with an endoscope. Several surgeons who are
accustomed to using the microscope for pituitary tumor
surgeries have acknowledged the value of the endoscope.

Personal Technique for the Presented Case
The tumor in the presented case is a large, but not giant,
grade I pituitary tumor. The sella is large and ballooned, but

97

Fig. 7.3 Coronal MRI of a grade III pituitary tumor. The roof of
the cavernous sinus is elevated by the tumor, which is also under
the superiorly elevated diaphragma sellae.

the tumor does not invade the cavernous sinus. The tumor
appears to be of a standard consistency and vascularity.
My experience with pituitary tumor operations exceeds
1,700 cases over a 14-year period, and I prefer to do all pituitary tumor surgeries using the sublabial transseptal and
transsphenoidal operative route with a microscope. I find
the use of an endoscope, even as an assistant tool to the
microscope, redundant and unnecessary.
Although the nostril is currently the route preferred by
some surgeons, I do not like to do the operation through
this route, as it limits the exposure and restricts the ability
to open the speculum widely. Furthermore, damage to the
hair follicles and the skin of the nostril can be quite painful
for the patient. The sublabial approach is a cleaner avenue,
is midline, and provides sufficient exposure to open the

a

b
Fig. 7.4a,b (a) T1-weighted MRI of a grade IV tumor. Both anterior cerebral arteries are encased by the tumor. (b) T2-weighted image
showing encasement of the anterior cerebral artery complex.
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speculum widely. I do not use coagulation equipment on
the operating table, and have found that coagulation can
be entirely avoided in pituitary tumor surgery. Although
this technique does create some bleeding in the operative
field, it can easily be handled with the microscope. On the
other hand, if one uses an endoscope, extensive mucosal
coagulation may be necessary to provide a blood-free field,
which prevents fogging of the endoscope lens.
I expose the anterior sellar wall and then resect it
widely, initially using a chisel and then rongeurs. After
the wall is open, I make a cruciate incision in the dura. The
tumor is then progressively debulked. These tumors are
usually soft, friable, and necrotic, which makes debulking
safe and relatively quick. Despite the occasional high vascularity of these lesions, it is relatively easy to control bleeding with hemostats like Gelfoam and Surgicel, and intratumoral coagulation can be avoided.
Tumor resection is begun from the sella in the midline,
and is followed by resection in the lateral aspect of the
sella. It then continues superiorly. As resection continues,
the tumor progressively falls and comes down into the operative field. The Valsalva maneuver is used during surgery
to facilitate descent of the tumor mass, but to get the tumor
into the field inferiorly requires experience and confidence.
Frequently, the diaphragma sellae has to be retracted superiorly to expose the tumor within its folds. In my experience with pituitary tumors of grades I to III, the tumor
under the diaphragma sellae can invariably be resected.
Although some tumors are relatively firm and even fibrous
and “elastic,” they can always be progressively debulked,
brought inferiorly into the operative field, and resected.
In our early experience, to resect the suprasellar component of the tumor, we preferred to remove the bone of the
tuberculum sellae and planum sphenoidale. However, we
have realized that removing this bone is necessary for only
a minority of patients and can frequently be avoided even
in patients with much larger tumors than that in the presented case. The use of the endoscope to view the supra
sellar component is unnecessary, as the diaphragma sellae
should be viewed anteriorly in the surgical field at the end
of tumor resection. The use of curettes to resect the tumor
in the lateral parts of the sella is generally satisfactory if the

surgeon has sufficient experience in pituitary tumor surgery. The use of the endoscope for lateral visualization can
be helpful but is not mandatory.
Some large tumors can be extensively vascular. In such
cases, tumor resection has to be done during profuse
bleeding. In such cases, it is much safer and more comfortable to use a microscope rather than an endoscope.
On some occasions, there can be profuse bleeding from
the cavernous sinus. With experience it may be possible
to control such bleeding with an endoscope, but surgery
under the microscope can be much more controlled in such
a situation. Reconstruction of the region after surgery is
rather straightforward when the conventional microneuro
surgical approach is used, and the cerebrospinal fistula rate
in most of the reported series is less than 2%.
Resecting the tumor within the confines of the cavernous sinus is a relatively complex technique. The anterior
loop and the horizontal portion of the carotid artery can
be exposed with a microscope and appropriate angulation
of the speculum; however, working around the carotid artery depends mainly on the consistency of the tumor. In
some cases, tumors that extend into the cavernous sinus
are softer and more necrotic than those with no cavernous sinus extension. In these cases, the tumor can be resected safely and radically. However, whether to resect the
section of tumor in the cavernous sinus in patients with
nonfunctional pituitary tumors is controversial. Even in
patients with a functioning pituitary tumor, whether to
resect the cavernous sinus portion is controversial. In desperate situations in patients with functioning pituitary
tumors, a lateral, basal, subtemporal extradural route can
be used to resect this portion of the tumor. The advantages
of using the endoscope to radically resect the portion of
tumor within the cavernous sinus are yet to be evaluated
and confirmed.
Apart from providing good images of the lateral aspect
of the sella and optic nerves as well as the carotid artery
bulge in the sphenoid sinus, there are no significant advantages in using an endoscope for pituitary tumor surgery.
The need for extensive mucosal coagulation and the limitations in having to control bleeding can severely limit the
ease of tumor resection with the endoscope.

Endoscopic Removal of Pituitary Macroadenoma
John A. Jane, Jr., Stephen J. Monteith, and Michael S. McKisic

Historical Perspectives on the
Endoscopic Approach
The ancient Egyptians were the first to recognize the possibility of accessing the brain endonasally without dis

figurement. Computed tomography scans of mummies
and archaeological findings confirm that the Egyptians used
specialized instruments to perform the earliest transsphenoidal approaches, albeit postmortem.6 It would be several
thousand years before Schloffer, Von Eiselberg, and Kocher
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would carry out, in 1907, the earliest transsphenoidal surgeries to access a pathological lesion.7 The sublabial transseptal approach was used by Cushing8 in 1909 and was
less traumatic than the endonasal and sublabial approaches
introduced in 1910 by Hirsch and Halstead, respectively.7
Cushing abandoned the approach, however, in part because
of inadequate illumination, but in the late 1960s, Hardy
overcame this obstacle by making use of the operating microscope. Since then, approaches have been modified with
improved visualization for the surgeon and decreased postoperative discomfort for the patient.
The approaches done with the microscope essentially
differ according to where the mucosal incision is made
(sublabial, hemitransfixion, Killian, or direct sphenoidotomy) and the width of the sellar exposure each provides.
Whereas the sublabial approach provides the widest exposure, it also requires the most soft tissue and mucoperichondrial dissection. By contrast, the direct endonasal
sphenoidotomy requires no anterior septal dissection but
has the narrowest exposure. The endonasal approaches
decrease both the postoperative discomfort for the patient
and the chances of anterior septal complications. However,
the downsides of more direct approaches include diminished working room, a more limited sellar exposure, and
an approach from an angled trajectory.7

Evolution of the Endoscopic Approach
The role of the endoscope has evolved over time. Initial reports describe the use of the endoscope as an adjunct to
the standard approach with the microscope.9,10 For example, the endoscope could be used for the anterior sphenoidotomy before introducing the microscope, or it could be
simply introduced at the end of resection to inspect for
residual tumor. The pure endoscopic transsphenoidal approach was introduced by Jho and Carrau11 in the late
1990s, with modifications by Kassam and colleagues12,13
that allowed the scope of the approach to expand to surgery for complex skull-base tumors. Other pioneers include Cappabianca and de Divitiis14,15 in Italy, as well as
Frank, Pasquini, Locatelli, and others who have made significant contributions to the development of endoscopic
techniques and transsphenoidal surgery.16–18

Advantages of the Endoscopic Approach
The primary advantages of the endoscopic removal of adenomas lie in the panoramic field of view and the ability to
attain an extreme close-up point of view. During the approach, the panoramic view allows superior visualization
of the sphenoid anatomy. Unlike the approach with the
microscope, in which a localization X-ray is necessary after
speculum placement, image guidance is rarely needed
during a standard endoscopic approach, which decreases
the dose of radiation to both the patient and operator.
Anatomic landmarks are clearly identifiable, even by the
novice endoscopist, which increases the surgeon’s confi-
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dence and decreases the learning curve.19 In the case of a
repeated operation, distorted anatomy can be more clearly
identified, and the existence of an operative corridor facilitates surgery with less risk of complications.7,15 In addition,
because there is no submucosal dissection, nasal packs are
not routinely used, which improves overall patient satisfaction with the procedure.
Most significantly, the panoramic view allows a greater
portion, if not all, of an adenoma to be removed under direct visualization. Tumor extensions toward the cavernous
sinus walls and the suprasellar portions, which are often
removed blindly by feel during an approach with the microscope, are instead removed with certainty. The magnification allows excellent visualization of the interface between
the tumor and pituitary gland, potentially facilitating adenomectomy with minimal disruption of the surrounding
tissues.15 With the wide-angle lens view of the zero-degree
endoscope and the use of angled endoscopes, the endoscopic surgeon can see around corners, which is not pos
sible with the microscope.16 This ability can be particularly
helpful in patients with a macroadenoma that extends into
the cavernous sinus or suprasellar space.17 For tumors that
invade the cavernous sinus, the endoscope affords a wider
view when compared with the microscope and unrivaled
maneuverability in the lateral compartment of the cavernous sinus.17 Moreover, only the endoscope allows the
surgeon to use the diving technique described by Locatelli
and colleagues.18 Intrasellar hydroscopy allows for more
complete assessment of the surgical bed, during and after
resection, with improved hemostasis. Blind curettage is
therefore minimized and a larger extent of the tumor can
be removed under direct visualization.

Disadvantages of the Endoscopic
Approach and Strategies for
Their Management
Despite its advantages, there are several disadvantages of
the endoscopic approach, many of which can be overcome
with training and experience. Neurosurgeons are comfortable using the operating microscope and the threedimensional view it provides. When using the endoscope,
a new skill set with a different type of hand–eye coordi
nation must be learned and practiced. Some surgeons find
the two-dimensional view on a monitor challenging, particularly with regard to depth perception.19,20 This problem
can be partly overcome with the help of a skilled endoscopist as the assistant. Such an assistant can help the surgeon
with opportune in-and-out movements of the camera to
create an artificial perception of depth. This notion of the
endoscope as part of a “clock gear” mechanism was aptly
described by Cavallo and associates.21 Each part of the
system depends on the others. If one part fails then the
whole system fails. In addition, proprioception allows
the surgeon to perceive the location of an instrument in
one hand as it relates to the instrument in the other. Because of the current constraints with rigid endoscopes, there
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is a slight “barrel distortion” effect at the edges of the field
of view. When the endoscope cannot be repositioned, an
angled scope can overcome these distortive effects so that
the surgeon can examine the edges and beyond the resection bed.
The endoscope does occupy space within the operative
field and can obstruct the free movement of surgical instruments. Whereas the operative field during an adenomectomy done with the microscope is occupied by two
instruments (suction and the dissector), the endoscopic
technique requires the surgical field to be occupied by an
additional instrument—the endoscope itself. Therefore,
there is less room to maneuver instruments, and the
sphenoidotomy must be larger to allow a similar range for
instrument movement. Furthermore, the approach with
the microscope is facilitated by the use of a nasal speculum,
which is not typically used during an endoscopic approach
because it occupies a significant amount of space and creates a rigid avenue that is not conducive to the approach.
Without a speculum, the nasal mucosa is placed at risk
of injury when instruments are introduced and the surgeon has greater difficulty freely introducing instruments
and performing precise dissection during the removal of
microadenomas.

a

Case Presentation and Relevance to the
Described Technique
The case presented is that of a 45-year-old man with a nonfunctioning pituitary macroadenoma causing bitemporal
hemianopsia. The representative magnetic resonance imaging (MRI) shows a large macroadenoma with a suprasellar extension (Fig. 7.5). Coronal images show likely
cavernous sinus involvement bilaterally. Therefore, a complete resection is unlikely regardless of whether an endoscope or microscope is used. The primary goal of surgery
is to decompress the optic chiasm. Secondary goals are to
remove enough of the tumor to prevent recurrence and
to preserve pituitary function. Because the patient is relatively young, these goals require as thorough a removal of
tumor as possible.

b

c

Surgical Technique
An in-depth discussion of the endoscopic surgical technique
is presented elsewhere,7 but the key steps are described
herein. The patient is placed in a lawn-chair position with
approximately 20 degrees of back elevation, and the head is
placed on a horseshoe headrest. We have found that this
position improves venous drainage and decreases bleeding.
Image guidance is not routinely used for first-time trans
sphenoidal approaches (although fiducials are present in
this case) unless the patient has a presellar or conchal
sphenoid anatomy. We use a three-handed approach with
a wide anterior sphenoidotomy and posterior septectomy.
Both middle turbinates are lateralized but not resected. We

Fig. 7.5a–c (a) Sagittal view of the lesion with the endoscopic
view superimposed in gray. (b) Coronal view of the lesion with
the endoscopic view superimposed in gray. (c) Endoscopic
photograph from within the sphenoid sinus of a different patient.
C, clivus; CP, carotid protuberance; OCR, opticocarotid recess;
OP, optic protuberance; PS, planum sphenoidale; SF, sellar floor;
TS, tuberculum sellae.

would not advocate the placement of a lumbar drain in this
patient because the tumor does not have an hourglass
configuration. When the patient is at high risk of a cerebrospinal fluid leak (as in this case) and the sellar floor has
been completely eroded by tumor (not likely in this case),
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a

b

c
Fig. 7.6a–c (a) Sagittal view of the lesion with the view through
the microscope superimposed in gray. (b) Coronal view of the
lesion with the view through the microscope superimposed in
gray. (c) Photograph through the microscope from within the
sphenoid sinus of a different patient. PS, planum sphenoidale;
SF, sellar floor.

we prepare a nasoseptal flap for repairing the sella.22 We
would not raise a nasoseptal flap for this case.
We continue the sphenoidotomy until the key landmarks are identified and are clearly visible: the planum
sphenoidale, optic protuberances, and opticocarotid recesses. We have often found it difficult to identify these
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landmarks with the pure microscopic approach (Fig. 7.6),
but with the endoscope, these landmarks are usually readily visible (Fig. 7.5). In this patient, we would open the
sellar floor to the limits of the cavernous sinus bilaterally.
We would also remove the tuberculum and a small amount
of the planum to facilitate visualization. The dura is opened
with care so as not to disturb the underlying tumor capsule. For this access, a wide dural opening is essential; a
narrow opening restricts the view into the sella and defeats
the purpose of using the endoscope. Resection begins inferiorly, laterally, and then superiorly against the diaphragm.
Care must be taken not to remove the superior portions of
the tumor until the lateral portions against the cavernous
sinus walls are resected. The endoscope is most helpful in
this respect.17
On the preoperative MRI, the normal gland appears to
be superior and along the right cavernous sinus wall (Fig.
7.5a,b). The gland should be identified early during dissection and protected. Ideally with a soft tumor, the mass will
come down into the operative field as resection progresses.
The 30- and 45-degree scopes are also introduced to assess
the completeness of resection along the cavernous sinus
walls, diaphragm, and, in particular, along the junction
of the cavernous sinus wall and diaphragm. The primary
goal of surgery in this patient is chiasmatic decompression,
which can be confirmed with confidence with the close-up
view provided by the endoscope. If a cerebrospinal leak
occurs, a fat graft is prepared and placed in the sella. This
graft is tailored to the correct size and placed in the extradural plane, buttressed under any remaining sellar bone.
A dural sealant is sprayed over the reconstruction with a
powered sprayer and no packs are used. Patients are transferred to the ward (not to intensive care) with nasal decongestant sprays for 3 days, and given saline nasal sprays
and sodium bicarbonate nasal rinses to be done at home for
6 weeks.
The main goal in this patient is to decompress the optic
chiasm, preserve pituitary function, and prevent recurrence. Each of these goals can be accomplished with either
the endoscope or the microscope. However, the panoramic
view provided by the endoscope allows more of the tumor
to be removed under direct visualization. Although a gross
total resection may be possible, the size of the tumor and
possible cavernous sinus involvement indicates that it is
likely invasive. Therefore, the possibility of recurrence in
this relatively young patient is real. Even with adequate
visualization during surgery with the zero-degree and angled endoscopes, some residual cells are likely to remain
even if the operative impression and immediate postoperative MRI indicate complete resection. Nevertheless, even if
a gross total resection were accomplished, we would not
move directly to gamma knife radiosurgery, particularly
if the pituitary function had been preserved. If there is
obvious cavernous sinus or bony invasion, however, and
the patient had panhypopituitarism postoperatively, then
we would have a lower threshold for early gamma knife
treatment.
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Future Directions
The technology of the endoscope has improved dramatically since its invention 200 years ago by Bozzini.23 The size
of the instruments and the associated degree of operative
obstruction have decreased. In addition, high-definition
endoscopes provide a very detailed, high-resolution image.
Recently, with the introduction of three-dimensional endoscopes, we are poised for a new era in endoscopic pituitary surgery. Subjectively, improved depth perception and
no increase in operative time have been reported by early
adopters.24 Although the quality of the images is not yet as
high as the current technology allows, these endoscopes
provide a three-dimensional (3D) view, which has been
one of the major requests of experienced microscopic pituitary surgeons using the endoscopic approach. Whether

the 3D endoscope improves patient outcomes remains to
be determined.

Conclusion
The endoscopic approach provides an effective means to
adequately resect a large macroadenoma like the one in
this patient. The magnified, panoramic view of the surgical
field minimizes blind curettage and maximizes the degree
of tumor that is removed by direct sight. Technological advances will continue to push the endoscopic approach further. With regard to transsphenoidal pituitary surgery for
macroadenomas, time will tell how long the microscopicversus-endoscopic debate will continue.

The Endonasal Combined Microscopic Endoscopic with Free Head
Navigation Technique to Remove Pituitary Adenomas
Ossama Al-Mefty, Mohamad Abolfotoh, and Cristian Gragnaniello
Pituitary surgery exemplifies the continuous refinement of
surgical techniques. The transsphenoidal approach is the
approach of choice to treat most pituitary adenomas, including the case presented here. The recent emphasis has
been on minimally invasive surgery. The challenge in
minimizing invasion lies in reducing postoperative complications and deficits, decreasing the length of hospital stays,
and avoiding trauma to a healthy parenchyma while achieving the surgical goal. Continuous technical advancements
have provided the means to overcome this challenge.7,25–30
Although endoscopic and microscopic techniques are
presented in the literature as alternative and frequently
competitive approaches, we believe they are complementary and that the use of both will improve our surgical
technique to achieve the true meaning of minimal invasiveness. The combined use of both the endoscope and
microscope in pituitary surgery was first described by
Bushe and Halves31 in 1978. The application of neuronavigation with free head movement enhances the benefits of
these techniques, and has been described by Al-Mefty and
colleagues.32

Description of the Technique
Patients should have a comprehensive preoperative clinical evaluation, including neurologic, neuro-ophthalmologic,
and neuroendocrinologic evaluation. This should include
measurement of the diluted prolactin level to avoid surgery
in patients who can be treated medically. MRI accurately

delineates the sellar region and surrounding structures,
including the optic chiasm, the cavernous sinuses, and the
carotid arteries. It shows the tumor extensions and can
define the proper avenue for the transsphenoidal approach
(Fig. 7.7).
Computed tomography (CT) scans are obtained to define the anatomy and pneumatization of the sphenoid sinus
along with its septation and keel, the shape of the sella, and
the planum sphenoidale, and to evaluate the intercarotid
distance. This anatomic imaging is especially advantageous
during the procedure when the CT scans are merged with
the MRI in the navigation system.
The patient is placed in the supine position and the patient’s trunk is slightly elevated, with the head above the
level of the heart to facilitate venous drainage. The patient’s
head is placed on a gel donut. Head fixation is not used,
which allows the surgeon to move the patient’s head intraoperatively to obtain the best angle and view. The head is
positioned in a manner that best exposes the anatomy of
the lesion; it is kept in a neutral position and slightly rotated to the surgeon’s side. The nasal cavities, face, and nose
are washed with Betadine, and a surgical sponge is placed
in the retropharynx. The patient’s abdomen is also prepared for fat harvesting if it is needed for closure.
Before the patient is draped in sterile fashion, the registration mask and its communication unit (Stryker, Kalamazoo, MI) are applied to the patient’s face. This mask has an
adhesive strip and leads on the surface, which allows a very
simple and accurate registration phase when the system is
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b
a

d
Fig. 7.7a–d Images of the illustrative case operated on with
the combined technique. (a,b) Preoperative coronal and sagittal
views depicting a large cystic pituitary adenoma with a suprasellar extension and compression of the optic chiasm and third ventricle. (c,d) Postoperative MRIs showing complete removal.

c

turned on (Fig. 7.8). Once the patient is registered according to the MRI and the CT images, a tracker is mounted on
the endoscope rod. The tip of the rod is used as a tool for
navigation and reveals its exact position and projection
on the screen. The microscope is then brought in and calibrated to make its focal point navigable (Fig. 7.9).
Likewise, surgical instruments, dissectors, and curettes
can be registered and calibrated, which ensures the surgeon’s control over the position of the tools during surgery
and, most importantly, tumor dissection. This system provides a major advantage for surgery because it avoids fluoroscopy, confirms the midline, gives positions in three
planes, and shortens the anesthesia time. Neuronavigation
is particularly useful for preventing injuries to eloquent
structures, when there is a narrow distance between the
carotid arteries, when the sphenoid sinus is poorly pneu-

matized, and in cases of recurrence or in patients who underwent previous nasal surgery, in whom the anatomy is
distorted either by the lesion or scar tissue. The paramount
advantage is the free head movement, which allows additional visualization by extension, flexion, or rotation to either side while maintaining accurate navigation.
The operation begins with a zero-degree endoscope
advanced through the nostril to explore the narrow corridor between the middle turbinate and the septum with a
close-up view. Under endoscopic visualization, the surgeon
must note the available anatomic landmarks, especially in
patients who have undergone previous surgery either for
a pathological process of the septum or a recurrent tumor.
The endoscope, whose position is confirmed by the navigation system, guides the surgeon in identifying the nasal
anatomy when it has been distorted by previous surgery.
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Fig. 7.8 The registration mask and its communication unit applied to the patient’s prepared head, which is not fixed in the
three-point holder.

The middle turbinate is recognized and followed until the
anterior sphenoid wall is reached and the sphenoid ostium
becomes visible as the camera moves upward. There is no
attempt or need to resect the middle turbinate (Fig. 7.10).
A slim nasal speculum is placed to compress the middle
turbinate laterally, the microscope is brought in, and a
short incision divides the mucosa, which covers the junction of the bony septum and the rostrum. With a simple
maneuver, the mucosa is dissected laterally and the septum is displaced to the other side to expose the whole rostrum, maintaining the integrity of the nasal cavity on the
opposite side. This maneuver has the same effect as tunneling under the mucosa during the submucosal approach,

but with less dissection, less bleeding, and direct exposure.
The rostrum is removed in one piece with a chisel so that it
can be used for closure.
After the sinus is identified, the images are reviewed
again to note the compartmentalization of the sinus and its
pneumatization. Although the navigation system helps surgeons determine the best trajectory to the sellar floor, they
must recognize anatomic landmarks in the sphenoid sinus,
such as the carotid prominences, opticocarotid recesses,
the clival indentation, the posterior and lateral walls of the
sinus, and the floor of the sella. In particular, neuronavigation is of great help when addressing the septa of the
sphenoid sinus, which, even if seen on the midline when
the rostrum is removed, in most cases leads more laterally
to an implant on the carotid prominence, with a consequent risk of injury to the artery.
The opening of the sella depends on its thickness. When
it is thick, it can be approached with a chisel; when it is
fine, it can be approached with a curette. Micro-Doppler
is used before the dura is opened to ascertain the distance
from the carotid and confirm the absence of an aneurysm.
The dura is opened in an X shape. The approach to the dura
is contingent on the type of lesion.
Removal of the lesion should progress with suction and
microcurettes at the base and underside of the lesion, thus
avoiding a cylinder coring of the tumor and allowing its
downward delivery. Pituitary lesions almost always have a
plane of dissection between them and the diaphragm. The
endoscope with a 30-degree lens is then used to locate any
lateral fragments.
Finally, closure depends on the size of the lesion and
whether cerebrospinal fluid has been encountered during
surgery. Closure might make use of fat harvested from the
abdomen, which is then carefully placed into the sella and
supported with fibrin glue. When cerebrospinal fluid has
not been encountered, the fat is not necessary. As an additional precaution, fibrin glue can be used in the sella to
stop microbleeding. The floor of the sella is reconstructed
by using the rostrum that was removed during the opening. The speculum is removed, the rostrum is pushed into

a
Fig. 7.9a,b (a) The setup of the operating room, with anesthesia equipment at the foot of the table facing the endoscopic navigation
screen in relation to the position of the microscope.
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b
Fig. 7.9a,b (continued ) (b) The endoscope is advanced into the nasal cavity to identify the passage anatomically while confirming the
location with navigation on a tracker-mounted endoscope.

the midline from the other nostril, and the small mucosal
flap is reflected over the septum. The endoscope is placed
once more to ensure that the mucosa is spread with no disruption of the normal anatomy; therefore, there is usually
no need to pack the nasal cavity. Patients usually leave the
hospital 1 or 2 days after surgery, depending on whether
they need to be monitored for diabetes insipidus.

Conclusion
For many years, the transsphenoidal route has been the
preferred approach to lesions of the sellar floor and upper
clivus.33,34 Several technical modifications have been introduced to minimize local complications, including the use
of fluoroscopy, an endonasal route,35 navigation, and en-

Fig. 7.10 The anterior wall of the sphenoid sinus is exposed with minimal disruption of the nasal mucosa by making a 1-cm flap at the
keel and displacing the septum to the other side with its intact nostril mucosa.
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doscopy.9,26,28,31,36–42 The ongoing argument between supporters of the microscope and endoscope used alone most
often overlook the fact that both scopes have undeniable
advantages and disadvantages.7,43 Our opinion is that a
neurosurgeon must be a master of both techniques to
choose the one most appropriate for a given phase of the
operation.36 A neurosurgeon must be ready at any moment
to shift from binocular vision to that of the monitor. The
endoscope grants surgeons a close-up view of the lesion
and, with the use of angulated lenses, they can inspect
areas away from the midline to identify fragments, which
often sit in the cavernous sinus.44 The visual plane, the
“barrel effect” present at the margins of the image, and the
difficulties of using the endoscope in the presence of sustained bleeding are still unsolved problems.28,29,37
The navigation system calibrates the focal point of the
microscope, the tip of the endoscope, and the surgical in-

struments, thereby allowing the surgeon to know, in each
instant of the procedure, the exact position of the instrument and its direction related to the structures at risk of
injury, especially during the approach and tumor removal.45
The registration mask is a great adjunct for navigating the
facial skeleton because of its easy and intuitive use. Furthermore, the possibility of merging CT and MRI images is
a significant advantage.
We believe the maneuver of overturning the mucosal
flap with septal displacement adds significantly to the general outcome of the procedure.39 It facilitates the opening
and closing in a very short time, is limited to one side with
minimal disruption of the normal anatomy, there is no
need to resect the middle turbinate, and dissection of the
mucosa can be limited. There is little need to pack the nose
during the postoperative period, or for lengthy, local postoperative treatment of crusting and disturbed nasal mucosa.

Moderator
Surgical Removal of a Pituitary Macroadenoma:
Endoscopic vs. Microscopic
Mario Ammirati
The case presented is that of a patient with a large non
secreting pituitary macroadenoma with chiasmatic compression manifested by bitemporal hemianopsia. As this
tumor has a straight suprasellar extension, a transsphenoidal approach is the approach of choice. The goal of surgery
should be aggressive tumor removal leading to chiasmal decompression. In addition, surgery should be associated with
a low complication rate, including maintaining pituitary
function. The main determinant in achieving these goals
is tumor consistency; clearly, a soft tumor can be removed
much more easily than a fibrous one. Unfortunately, the
tumor’s consistency is difficult to ascertain preoperatively.46
The technical nuances used to reduce complications
include fastidiously maintaining the surgery outside the
arachnoidal membrane, avoiding aggressive pulling on the
tumor, recognizing the normal pituitary, and being continuously aware of the position of the intracavernous carotid arteries.47 Over the years, pituitary surgery done with
the microscope has been shown to accomplish these goals
with minimal complications across different practice settings, as Ciric and colleagues48 showed in their survey of
the late 1990s. Pituitary surgery with the microscope relies
on three-dimensional visualization, and hence on the ability to operate in three-dimensional space.
Endoscopic pituitary surgery has been advocated for the
surgical treatment of pituitary adenomas since the late

1990s. This recommendation is based on the improved visualization and the surgeon’s ability to visualize around
corners compared with surgery done with the microscope.
Endoscopic surgery is also perceived as less invasive.49 The
main drawback is the monocular vision with a lack of a
true three-dimensional view. It has also been argued, probably rightly so, that it is more invasive than its microscopic
counterpart.50
Notwithstanding any of these considerations, over more
than 20 years, endoscopic pituitary surgery has failed to
show a better outcome than pituitary surgery that is done
with the microscope.51 This has been the case even in the
hands of its very passionate proponents! It is also clear
that, during the endoscopic learning period, one is faced
with an increasing number of complications.52 Although
this number of complications and the resources needed to
master and execute a new technique would be completely
acceptable if the end result is a better outcome for the patient, they become difficult to justify when the outcome
is, at best, similar.53
The popularity of endoscopic pituitary surgery in the
absence of any consistent data to support its superiority
demonstrates once more the need for a better system to
evaluate the introduction of new surgical procedures if surgical innovation has to move from a marketing arena into
a substantive, evidence-based arena. This need was ad-

7
dressed by the Balliol Colloquium held at the Balliol College
in Oxford, United Kingdom, between 2007 and 2009. Participants included surgeons, methodologists, statisticians,
and the evidence-based medical community; their recommendations were published in Lancet in 2009.54 Aside from
transformative innovations, such as tracheotomy for tracheal obstruction, that lead to “an advance that is clear and
substantial and that cannot be explained by either chance
or bias,” the majority of surgical innovations are incremental and are “prone to overoptimistic assessments by
their developers and, therefore, need controlled randomized
studies, when possible.”54 The colloquium proposed a loose
algorithm to evaluate surgical innovations—the IDEAL Recommendations.53 According to this set of recommendations, the proposed surgical innovation should be tested
through different stages of the IDEAL mnemonic:
Stage 1, the Idea phase, should be a proof of a concept
to address a clinical need. The innovation should
be tested in few patients with careful, especially
negative, outcome reporting.
Stage 2A, the Development phase, relies on the deliberate use of the procedure in a small group of selected patients to garner outcomes on the safety
of the procedure and on its technical and pro
cedural success or lack thereof. Protocols are required, and they should be handled outside the
surgeons’ institution to ensure objectivity. Ethical
approval and informed research consent should
be obtained.
Stage 2B, the Exploration phase, involves the exploration of the outcome of a rather well-defined procedure in a larger group of patients. Prospective
rigorous trials to assess short-term outcomes
(technical-clinical and patient-centered) must be
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used. Tight quality controls and ethical approval
and informed research consent are mandatory.
Stage 3, the Assessment phase, involves well-defined indications, a stable procedure executed by many
surgeons, and the assessment of this procedure
vis-à-vis the gold standard. This assessment may
be accomplished through randomized clinical or
other well-structured trials, such as parallel group
nonrandomized studies, controlled interruptedtime series studies, tracker trials, or similar designs. Ethical approval and informed research
consent are needed.
Stage 4, the Long-term study, is a longitudinal surveillance phase through which the now-established
procedure is evaluated for rare and long-term
outcomes.
The use of these or similar guidelines is intended to minimize any evaluation bias and to maximize patients’ safety.
Clearly, not all proposed innovations will be as successful
as their originators suggest; many of them will have their
implementation altered and their indications refined while
going through this or a similar process. This process of
evaluating surgical innovations associated with a paradigm
shift is possible, as shown by the consortium evaluating
Natural Orifice Transluminal Endoscopic Surgery (NOTES)
(www.noscar.org).
It is likely that a similar level of evidence will be mandated more and more in the future by third-party payers
before they will cover the cost of a more expensive pro
cedure. As neurosurgeons, we would better serve our patients and our field by proactively engaging and demanding
this type of evidence before embracing unproven surgical
innovations.
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Chapter 8

Surgical Approaches to Pituitary
Macroadenomas with Cavernous
Sinus Extensions: Transcranial
vs. Transsphenoidal Approach

Case
A 50-year-old, right-handed man came to medical attention with decreased vision in his right eye and
headache. On examination, he had a partial third nerve palsy. Vision in his right eye was 20/200. Neuroendocrinologic tests showed a diluted prolactin level of approximately 40 IU and the patient had
panhypopituitarism.

Participants
Cranial Approaches to Pituitary Adenomas with Cavernous Sinus Extensions: Gerardo Guinto and Roxana
Contreras
The Endonasal Transsphenoidal Approach to Pituitary Macroadenomas with Cavernous Sinus Extensions:
Ali Shirzadi, Doniel Drazin, and Wesley A. King
Moderators: Transcranial vs. Transsphenoidal Approach for Pituitary Macroadenomas with Cavernous
Sinus Invasion: Nelson Oyesiku and Brandon A. Miller
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Cranial Approaches to Pituitary Adenomas with
Cavernous Sinus Extensions
Gerardo Guinto and Roxana Contreras

Despite the current advances in neurosurgery, particularly
the improved understanding of the microsurgical anatomy
and further development of microsurgical instruments, the
cavernous sinus remains one of the most complex areas to
present a great challenge for skull-base surgeons.1 In addition, the advent of radiosurgery has caused a controversy
regarding the indications for removing lesions, particularly
benign ones, affecting this region.
Throughout the years, the term cavernous sinus has
been commonly used for this anatomic structure; however,
it is well known that this term is a misnomer. The venous
compartment is really formed by a complex network of
capillaries rather than true dural sinuses. For this reason,
this area should be referred to as a lateral sellar compartment or as a parasellar region.2 Meningiomas are the lesions
that most frequently invade the cavernous sinus. Pituitary
adenomas are peculiar tumors that tend to respect the anatomic boundaries surrounding them and only rarely violate
these frontiers and invade other areas. Another peculiarity
of these tumors is that, even when they truly invade the
sinus, patients only occasionally exhibit the classic signs
and symptoms of oculomotor deficit, which is most common in patients with meningiomas.
There are many ways to access the cavernous sinus, but
they can be divided into two approaches: transsphenoidal and transcranial. This section focuses on transcranial
approaches.

Anatomy
The cavernous sinus (CS) is a paired tetrahedral structure
located on both sides of the sella turcica. Because of its
shape, it has four walls (anterior, posterior, lateral, and medial), a roof, and a floor, all composed of dura mater. The
lateral wall is formed by two dural layers. The inner dural
layer is continuous with the periosteum of the clivus, temporal bone, and sphenoid bone. In addition, this membrane
is partially formed by the epineurium of the third, fourth,
and fifth cranial nerves. The outer layer is thicker and is
continuous with the dura of the middle fossa, tentorium,
and the outer layer of the dura of the clivus. The clinoid
segment of the internal carotid artery (ICA) has two rings,
distal and proximal, that are fused medially but separated
laterally by the anterior clinoid process. The distal ring is in
contiguity with the outer layer of the lateral wall of the CS,
whereas the proximal ring is continuous with the inner
layer of this lateral wall and forms a part of the roof of the
CS. Between the two layers of the lateral wall run the oculomotor nerves (III and IV) and the first (and sometimes
second) branch of the fifth cranial nerve.3

The medial wall of the CS is contiguous with the dura
mater of the floor of the sella turcica and the inner layer of
the dura mater of the clivus. This wall is partially covered
by a thin bony plate that forms the lateral wall of the sphenoid sinus. The anterior loop or bend of the ICA produces
an impression in this bone known as the carotid prominence, an important anatomic landmark for medial approaches to the CS.
The ICA has a particular trajectory through the CS, and
several different nomenclatures designate the anatomic
portions of this vessel. Once it penetrates the skull through
the carotid canal, the ICA curves forward and medially to
traverse within the temporal bone in what is known as the
petrous portion. Once it reaches the region of the foramen
lacerum, it curves upward again, taking a vertical direction
(the posterior vertical segment). This portion is covered
by the trigeminal ganglion (gasserian), and is sometimes
referred to as the trigeminal segment. In this region, the
artery is surrounded by fibrous tissue known as the petrolingual ligament, which represents the true anatomic landmark between the petrous and the cavernous portion of
the artery. Once inside the cavernous sinus, the ICA takes
another curve to run horizontally and forward toward the
superior orbital fissure. At the end of this horizontal portion, the artery takes one more bend, now in a superomedial
direction, to take another vertical direction (the anterior
vertical portion) and exits the CS to enter the subarachnoid
space. In this area, the artery is covered by the aforementioned dural rings and the anterior clinoid process.4
The cavernous ICA has several collateral branches, but
the most constant are two: the meningohypophyseal artery
and the inferolateral trunk. The first branch has three divisions: the tentorial branch (Bernasconi-Cassinari), the dorsal meningeal artery, and the inferior hypophyseal artery.
Another inconstant branch of the cavernous ICA is the capsular artery (McConnell), which irrigates the capsule of the
pituitary gland. Finally, in 8 to 10% of patients, the ophthalmic artery has its origin in this cavernous portion of the ICA.
As mentioned, cranial nerves III, IV, V1, and, occasionally, V2 run between the two layers of the lateral wall of the
CS and only the sixth nerve (abducens) and the sympathetic nerve fibers are really intracavernous, running in
close contact with the ICA. The third cranial nerve enters
the CS through the roof (oculomotor trigone), lateral to the
posterior clinoid process, where it remains between the
two layers of the lateral wall and travels toward the superior orbital fissure to enter the orbit. The fourth cranial nerve
enters the tentorial edge to run toward the lateral wall of
the CS, where it also travels between its layers, to reach
the superior orbital fissure. The sixth nerve comes from the
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posterior fossa and penetrates Dorello’s canal (formed by
the clivus and the posterior petroclinoid ligament) to traverse the clivus. It then enters the CS, where it is in close
contact with the lateral surface of the posterior vertical
segment of the cavernous ICA. It then runs alongside this
artery, attached to the inferolateral surface of its horizontal
portion, and reaches the orbit through the superior orbital
fissure. The ophthalmic branch of the trigeminal nerve (V1)
travels in almost its entire length in the lateral wall, between the layers, toward the superior orbital fissure.5,6
The cavernous venous plexus can be divided into four
spaces—lateral, medial, posterior, and anterior—depending
on their relationship with the ICA. Similarly, the CS has
several extrinsic venous communications: the superior
ophthalmic artery, the pterygoid plexus, the superior and
inferior petrosal sinuses, and the sphenoparietal sinus. Finally, there are communications between both cavernous
sinuses via the so-called anterior and posterior intercavernous sinuses found in the sella turcica, but mainly through
the basilar venous plexus located between two folds of the
dura mater of the clivus.

Surgical Indications
Considering the complexity of surgery in this region, the
high rate of morbidity, and the availability of other treatment alternatives such as radiosurgery, there are precise
indications for operating on patients with cavernous invasion by a pituitary adenoma.7 The most important general
indications are as follows: first, when there is a cavernous
component of the tumor with dimensions greater than
those acceptable for safe treatment with radiosurgery
(2.5 cm); and second, when patients have an oculomotor
deficit. For some patients with pituitary adenomas, there
are alternatives for medical treatment. Prolactin-secreting
tumors only rarely have to be operated on because even
giant tumors usually respond positively to dopamine agonists such as bromocriptine and cabergoline.8 Similarly,
when growth hormone–producing tumors invade the CS,
medical treatment with somatostatin analogues or dopamine agonists is preferred before attempting direct surgery.
An adrenocorticotropic hormone (ACTH)-producing adenoma only rarely invades the CS; the majority of cases of
Cushing’s disease are related to microadenomas or intrasellar tumors. When there is cavernous invasion, initial
management with ketoconazole may be indicated. Finally,
some nonfunctioning pituitary adenomas may also show
some response to dopamine agonists. This possibility has
to be considered before making a decision to remove the
intracavernous component of functioning tumors.
A final consideration for exposing and removing the intracavernous component of a pituitary adenoma is related
to the tumor itself. If, during the resection of the extracavernous portion of the tumor, an experienced surgeon notes
a favorable consistency, a weak adherence of the tumor to
surrounding tissues, or a poor vascular supply, the surgeon
may then decide to continue the tumor resection toward

the CS. For this reason, in most patients who have a pituitary
adenoma with parasellar invasion, all the surgical steps for
exposing the CS must be done during the approach so that
the surgeon is prepared to access this region.

Preoperative Studies
Undoubtedly, magnetic resonance imaging (MRI) is the
ideal and indispensable study to determine whether there
is a real invasion of the tumor into the CS.9,10 The most useful view is the T1-weighted, coronal projection with gadolinium enhancement. In this image, the medial wall appears
as a hypointense line that separates the content of the sella
turcica from the CS. This projection also provides valuable
information regarding subcavernous tumor invasion into
the lateral recess of the sphenoid sinus or, in rare cases,
when there is invasion to the infratemporal fossa and parapharyngeal space.
The most important point is to analyze the behavior of
the tumor in relation to the cavernous ICA. If this vessel is
displaced laterally, if the tumor contacts it only in its medial surface, or if the artery is only partially surrounded, it
is reasonable to rule out an invasion of the CS (Fig. 8.1).
This tumor behavior is the most common in pituitary adenomas and it may be considered a displacement rather
than a real invasion. On the other hand, if the artery is displaced medially or is completely surrounded by tumor
with a reduction in its diameter, it is almost certain that
there is a real invasion (Fig. 8.2). A T2-weighted image may
provide information about the consistency of the tumor.
If the tumor appears hyperintense in this phase, it likely
has a favorable consistency, for which a more radical ex
cision can be planned. In contrast, if the lesion remains

Fig. 8.1 T1-weighted magnetic resonance imaging (MRI), coronal view, showing a pituitary adenoma that is only displacing
but not invading the left cavernous sinus.
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ation, it is preferable to use mild to moderate hyperventilation to maintain a PaCO2 of 30 to 35 mm Hg, as well as
administration of mannitol at doses of 0.5 to 1 g/kg. On rare
occasions (particularly when resection is performed via an
extended subfrontal approach), the placement of a lumbar
subarachnoid catheter is indicated for releasing cerebro
spinal fluid (CSF), which provides more brain relaxation.
More intensive cerebral protection measures, such as hypothermia, hemodilution, and burst suppression in the
electroencephalogram with barbiturates, are usually unnecessary. Finally, it is very important to ensure the venous
return in the legs by using compression (preferably intermittent pneumatic) stockings.

Intraoperative Monitoring

Fig. 8.2 T1-weighted MRI, coronal view with contrast enhancement, showing a pituitary adenoma with invasion of the cavernous sinus. The right internal carotid artery is completely surrounded by tumor.

hypointense or isointense in both phases (T1 and T2), it
usually has a firmer consistency and, therefore, presents a
greater degree of difficulty during removal. Axial cuts allow
an adequate assessment of the growth pattern of the tumor
to areas adjacent to the CS, particularly the orbit, the posterior fossa, and the anterior floor.11,12
Computed tomography (CT) provides only limited information compared with MRI. It is useful for assessing the
anatomic characteristics of bone and the degree of erosion
caused by the tumor, and for identifying the presence of
calcifications (rare in pituitary adenomas). Angiography is
usually unnecessary because, especially in cases of pituitary adenomas, the information provided by this study
can be obtained through magnetic resonance (MR) angiography or CT angiography with lower risk for the patient. In
addition, sacrificing the ICA or performing a bypass is almost never justified in patients with these types of tumors.
For this reason, balloon test occlusion is not indicated.
In addition to standard preoperative studies, all patients
must undergo an integral endocrine evaluation and a complete ophthalmologic examination, including visual field
testing and evaluation of eye movements.

Surgery
Anesthesia
The patient is administered standard general anesthesia
through endotracheal intubation. In general, muscle relaxants are used for most of the intracranial procedures.
Commonly used medications for intracranial procedures
are propofol, isoflurane, fentanyl, pancuronium, midazolam,
and nitrous oxide, among others. To facilitate brain relax-

Somatosensory evoked potentials are useful in detecting
early changes in brain function, particularly when there is
a carotid lesion that causes ischemia or to detect excessive
brain retraction. The brainstem auditory evoked response
is also very useful because it detects at an early stage any
change in the conductivity of the brainstem caused by brain
retraction, surgical manipulation, or the tumor itself. Finally, to help identify the oculomotor nerves within the CS,
it is very useful to have neurostimulation equipment and
electromyographic recording of the extraocular muscles.
Similarly, electromyographic recording of the facial muscles may help identify the greater superficial petrosal nerve
by its conduction toward the geniculate ganglion.

Surgical Approaches and Techniques
Cranial approaches to pituitary adenomas that invade the
CS can be divided into two types: lateral and medial. The
most widely used lateral approach is the orbitozygomatic,
whereas the most commonly used medial approach is the
extended subfrontal.

Orbitozygomatic Approach
For this approach, the patient is placed in the supine position with the head fixed in a three-pin head holder, rotated
approximately 35 degrees contralaterally, and slightly extended so that the malar eminence is the highest point
(Fig. 8.3). The patient has to be fixed securely to the oper
ating table to allow for rotation on the long axis during the
procedure. Similarly, the head elevation can be varied to
promote venous return and increase brain relaxation.
A curvilinear incision is drawn in the skin in the frontotemporal region with a preauricular extension that reaches
the ear lobe downward and is directed upward to the midline at the edge of the hairline. The incision can also be
drawn as a question-mark shape with the same upper and
lower limits to circumvent the bulk of the temporalis muscle, facilitating its elevation (Fig. 8.4). The incision and dissection is begun in the preauricular region, immediately
in front of the tragus, to allow for early identification of the
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Fig. 8.3 The patient’s position for the orbitozygomatic approach.
Fig. 8.4 Details of the skin incision for the orbitozygomatic approach. In this case, a question-mark–shaped incision is made.

superficial temporal artery and to improve the postoperative cosmetic result. Preserving this vessel is important for
two reasons: to enable irrigation of the myocutaneous flap
and to use it as a vascular trunk in rare cases when it is required to perform a bypass. The superficial temporal artery
usually has a collateral branch that arises above the outer
ear and that is directed dorsally. This branch must be coagulated and cut to displace the main trunk of the super
ficial temporal artery forward along with the skin flap.13,14
The pericranium is elevated preferably with the scalp
and not with monopolar coagulation to prevent desiccation
or damage. This dissection continues rostrally on the superficial temporal fascia up to the fat pad. This fat pad is
usually found by drawing an imaginary line from the root
of the zygomatic arch to the root of the external orbital
process of the frontal bone. At this point, both layers of the
superficial temporal fascia are cut in the same direction as
this imaginary line to carry out an interfascial dissection,
which allows preservation of the frontotemporal branch
of the facial nerve that runs between the two layers of the
superficial temporalis fascia.15
Blunt dissection continues on the fibers of the temporalis muscle, with the aim of maintaining the superficial temporal fascia attached to the skin flap until the orbit and
superior border of the zygomatic arch are reached. Detachment is continued over the external surface of this arch
until the malar bone is reached anteriorly, up to the level of
the zygomatic-facial foramen and to the root of the zygomatic arch posteriorly. The glenoid cavity of the temporal
bone (condylar fossa) can be included in this posterior
dissection. With sharp dissection, the masseter is now removed from the inferior border of the zygomatic arch. The
orbital rim is dissected up to the supraorbital notch, where

the supraorbital nerve is identified and protected. Dissection is continued on the lateral and superior walls of the
orbit. The use of cottonoids during this dissection is very
helpful because the periorbita can be protected. Likewise,
the anesthesiologist should be notified at this stage because manipulation of the orbital contents may cause bradycardia, which occasionally may be marked. Dissection
on the lateral wall of the orbit continues downward until
the inferior orbital fissure is identified. Then the supraorbital nerve is skeletonized. In some cases, this nerve exits
the cranium through a real orifice; therefore, skeletonizing
becomes necessary to fracture the inferior osseous lip of
this orifice with a high-speed drill or chisel. In most cases,
however, there is no supraorbital orifice but there is a
notch, so detaching the nerve is simple.
Surgery continues with the dis-insertion of the temporalis muscle with the periosteal elevator. This maneuver
should be done in an ascending or retrograde direction,
which better preserves the deep or periosteal temporal fascia, providing better cosmetic results. In this manner, the
entire temporalis muscle is moved down and forward, exposing the pterional or frontotemporal region.16
Although there are descriptions of several ways of performing the frontotemporal craniotomy and the orbitozygomatic osteotomy in one piece,17 the reality is that this is
easier to do in two pieces. In this two-step maneuver, at
least 2.5 cm of the superior and lateral walls of the orbit
can be preserved and the condylar fossa can be included in
the osteotomy. The cosmetic results are similar regardless
of whether the craniotomy and orbitozygomatic osteotomy
are done in one or two pieces. Other authors have described
the use of three pieces.18
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Fig. 8.5 Details of the pterional craniotomy for the orbitozygomatic approach.

The craniotomy is begun with the first bur hole made on
the lateral facet of the frontal bone at its junction with the
superior temporal line (the keyhole). Another, optional
bur hole can be made just above the root of the zygomatic
arch. Then, a standard frontotemporal craniotomy (pterional) 6 to 8 cm in diameter is done, centered on the pterion
and with its medial limit on the supraorbital notch (Fig. 8.5).
The cut that joins the two bur holes should be made in both
directions (up/down), having as a center the sphenoid ridge
(the greater wing of the sphenoid bone). The bone flap is
elevated with the Penfield No. 1 to fracture the sphenoid
ridge. This maneuver includes in the flap a wider part of the
bone of the temporal region, which can be replaced at the
end of the procedure.19 The craniotomy should be expanded
as closely as possible to the orbital rim and to the condylar
fossa. The procedure continues with the removal of the remaining bone of the temporal region with rongeurs and
Kerrisons and with the drilling of the sphenoid ridge until
the superior orbital fissure is reached and then completely
unroofed. The surgeon now prepares the surgical field for
the orbitozygomatic osteotomy by detaching the frontal and
temporal dura mater from the superior and lateral walls of
the orbit as well as from the roof of the condylar fossa.
The orbitozygomatic osteotomy is done with a reciprocating saw, and the sequence of cuts varies according to
the surgeon’s preference. For the orbital osteotomy, cutting
is begun on the roof of the orbit at the level of the supra
orbital notch or slightly medial. From this point, the cut is
directed backward over the orbital roof to a distance of 2.5
to 3 cm. At the posterior end of this cut, another perpendicular cut is started and directed laterally, now in the cor-
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onal plane, from the orbital roof toward the lateral wall
until it reaches the inferior orbital fissure. The next cut is
made on the lateral wall of the orbit, facing the orbital surface. This cut begins on the inferior orbital fissure and runs
toward the malar bone, without surpassing the site of the
zygomatic-facial foramen to avoid entering the maxillary
sinus. The cut in the malar bone is completed over the exocranial surface, in an inverted V shape, which facilitates
replacement at the end of the procedure.
In almost all approaches to the CS, it is usually necessary
to expose the petrous segment of the ICA. The main reasons for this are to obtain proximal control of this vessel
and to determine its precise location, which may serve as
an orientation reference during tumor removal. In these
cases, it would be preferable to include the condylar fossa
in the orbitozygomatic osteotomy because this maneuver
notably increases the exposure on the petrous bone. To
make this osteotomy, the surgeon begins with an extracapsular detachment of the joint, displacing it downward
with the mandibular condyle. In the great majority of patients, the mouth is open because the operation takes place
with orotracheal intubation. For this reason, the mandibular condyle is almost always found outside the condylar
fossa and displaced forward. Once the condylar fossa is totally detached, a V-shaped osteotomy is then done (with
the reciprocating saw) on its roof, with care being taken not
to pass the level of the foramen spinosum medially; otherwise, there is a risk of injury to the petrous ICA. Similarly,
care must be taken not to damage the cartilage and skin of
the external ear conduct, which lies immediately behind
the condylar fossa. In this way, an orbitozygomatic bar is
obtained that includes 2.5 to 3 cm of the lateral and superior walls, two thirds of the roof of the condylar fossa, the
zygomatic arch, and part of the malar bone (Fig. 8.6). This
maneuver prevents the postoperative complications of pulsatile enophthalmos and chewing problems.
If it is not considered necessary to widely expose the petrous portion of the ICA but only to identify it, the surgeon
does not need to include the condylar fossa in the exposure; therefore, the zygomatic osteotomy is done obliquely
at the root of the arch. Once the craniotomy and orbitozygomatic osteotomy are finished, the temporalis muscle can
be completely retracted and then the anterior and middle
cranial floors are exposed.
The dura mater of the middle fossa is detached until the
arcuate eminence is visualized, which is perpendicular to
the longitudinal axis of the petrous bone. Then the middle
meningeal artery, the foramen spinosum, V3, and the foramen ovale are also identified and exposed. The floor of the
middle fossa is drilled until V3 and the middle meningeal
artery are completely skeletonized. The artery is coagulated
and cut to facilitate temporal retraction, and dissection is
continued medially until the greater superficial petrosal
nerve and its hiatus are identified. This nerve runs parallel
to the petrous bone. To facilitate its identification, it can
be stimulated during an electromyographic register of the
muscles of the face. Sectioning of the greater superficial pe-
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can also be done with rongeurs, with a gentle movement of
the surgeon’s wrist. The optic strut that represents the inferior wall of the optic canal can now be visualized and also
removed with the drill or rongeur. To increase the exposure,
the optic nerve can be completely unroofed, which allows
its mobilization. This mobilization is facilitated by sectioning of the optic sheath. In some patients, the anterior clinoid process is very small; therefore, intradural extraction
is preferred. When the approach is completed, all the bone
between the CS and the surgeon is removed (Fig. 8.7).

Access to the Cavernous Sinus Through the
Orbitozygomatic Approach

Fig. 8.6 The pterional craniotomy and orbitozygomatic osteotomy is done in two pieces. The orbitozygomatic bar includes 3
cm of the superior and lateral walls of the orbit and part of the
malar bone. In this case, the osteotomy was extended to include
two thirds of the condylar fossa.

trosal nerve is generally recommended to avoid excessive
traction on the geniculate ganglion and subsequent postoperative hemifacial paralysis.
In many cases, the horizontal portion of the petrous ICA
is only partially covered by bone, which facilitates its identification. When this is not the case, the artery can be localized just posterior and medial to V3 and below the greater
superficial petrosal nerve, where drilling is started. A diamond bur should be used to avoid damaging the ICA. The
eustachian tube should not be damaged during drilling;
otherwise, it has to be plugged with muscle and fibrin adhesive to avoid the risk of CSF leakage. The best reference
for identifying the eustachian tube is the tensor tympani
muscle, which lies immediately above it and in front of and
below the petrous ICA. Both structures (muscle and eustachian tube) have the same direction as the petrous ICA.
Drilling behind the carotid foramen must be avoided because this is the area where the basal turn of the cochlea is
located.
The next step is to perform an anterior clinoidectomy,
which is preferably done extradurally. When the anterior
clinoid process is removed with the high-speed bur, extensive irrigation is necessary to prevent the heat generated by
drilling that may damage the optic nerve. This bone removal

With the orbitozygomatic approach, two surgical routes
are most commonly used to expose the CS in patients
with pituitary adenomas: the inferolateral and the superior. These can be used in combination, depending on the
growth pattern of the tumor. The inferolateral approach
begins with extensive extradural work, which is started
with the complete exposure of the three branches of the
trigeminal nerve as follows. During the approach, the superior orbital fissure, and therefore the ophthalmic branch, is
completely unroofed. The foramen ovale is also opened, exposing the mandibular nerve. Finally, all the bone located
in the region of the foramen rotundum is removed to completely free the maxillary branch (Fig. 8.8).
Access to the CS begins with detaching or peeling of
the dura of the middle fossa, separating it from the trigeminal branches and the gasserian ganglion. This maneuver
completely exposes Meckel’s cave. The peeling is extended
backward and up toward the area of the third and fourth
cranial nerves where, on occasion, it is preferable to leave a
part of the dura mater intact, especially if it firmly adheres
to these nerves. This makes it possible to preserve the
nerve’s blood supply and prevent an oculomotor deficit.
However, considering that the majority of pituitary adenomas have a favorable consistency, in general an extensive
peeling is not required, and it is sufficient to uncover the
three branches of the trigeminal nerve and the gasserian
ganglion. Usually, at the beginning of peeling, the tumor
can be observed emerging between the trigeminal branches
(Fig. 8.9). Removal is done with the aspirator, pituitary curettes, and biopsy forceps. In these tumors, it is usually sufficient to access the CS via the angle formed between V2
and V3 and between V1 and V2. The trigeminal branches are
quite elastic and allow for some distraction to expand these
spaces. On the other hand, extraction of the orbital rim (included in the orbitozygomatic osteotomy) enables the surgeon to vary the direction of the microscope, allowing
entry at different angles.
When using this route, the main precaution during
tumor removal is identifying the horizontal portion of the
cavernous ICA. In complex and fibrous tumors, this vessel
can be easily damaged during tumor removal. Intraoperative micro-Doppler can be very helpful for early and safe
identification of the cavernous ICA.
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Fig. 8.7 Details of bone removal (craniotomy, osteotomy, and drilling) in the orbitozygomatic approach. The cavernous sinus is totally
exposed from a lateral perspective.

Another anatomic reference to be kept in mind during
this phase of surgery is the precise location of the abducens
nerve. This cranial nerve may be damaged when the tumor
is dissected from the lateral surface of the posterior vertical
segment and from the inferolateral wall of the horizontal
portion of the cavernous ICA. Finally, by complete drilling
of the bone located between V2 and V3, access to the sphenoid sinus can be obtained, which is very useful in patients

with these particular tumors because, in many cases, they
invade this sinus in addition to the CS.
If this inferolateral access is insufficient, it becomes necessary to combine it with an intradural lateral approach.
The dura mater is then opened with a C-shaped frontotemporal incision, and the dural flap is reflected over the
orbital contents. Wide splitting of the sylvian fissure is required to continue the dural peeling intradurally up to the

Fig. 8.8 The extradural exposure in the inferolateral approach to the right cavernous sinus (surgical position). V1, V2, V3, branches of
the fifth cranial nerve.
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Fig. 8.9 Peeling of the middle fossa. The tumor is clearly seen between the trigeminal branches. The right cavernous sinus is in the
surgical position.

exposure of the third and fourth cranial nerves. The CS is
then accessed between nerves, preferably through Parkinson’s triangle, which is formed by the fourth nerve and V1.
The superior approach is preferred when the tumor is
located above and medial to the horizontal portion of the
cavernous ICA. This approach also adequately exposes the
anterior vertical portion, the anterior loop, and the clinoid
segment of the ICA, and likewise the third and fourth cranial nerves, but it is very difficult to expose the sixth nerve,
V1, V2, and V3. For this approach, the anterior clinoid process must be completely removed. A C-shaped dural opening is also made in the frontotemporal region and the dural
flap is retracted over the orbital contents. Resection of the
clinoid dura mater and sectioning of the optic nerve sheath
are also mandatory to freely mobilize the nerve. Access to
the CS is made by sectioning the dural rings of the ICA. In
this manner, the CS is exposed from a superior perspective
(Fig. 8.10).
The dural opening on the roof of the CS can be extended
to reach the posterior clinoid process. However, this aperture must be made carefully because there is a risk of i njury
to the cavernous ICA, which is often found attached to the
roof of the CS. The dura can also be opened along the course
of the third nerve to facilitate its mobilization and to widen
the exposure. This dural opening is recommended only for
patients who have a preoperative oculomotor deficit to obtain maximum decompression of this nerve. The dissection
can be continued around the pituitary gland into the sella
turcica and even toward the contralateral CS.

Closure and reconstruction begin with suture of the
dura mater as tightly as possible. When the sphenoid sinus
has been opened, it must be packed with fat and fibrin
adhesives to avoid the risk of CSF leakage. The orbitozygomatic bar is replaced and fixed with titanium miniplates.
Considering that most of the orbital walls are replaced with
this bar, reconstruction of the orbit is unnecessary. In fact,
pulsatile enophthalmos is very rare when doing the orbitozygomatic osteotomy in this way. The temporalis muscle
is replaced and sutured either to the surrounding fascia or
to the adjacent bone through oblique holes made with the
perforating drill. It is not necessary to fix or suture the
masseter muscle to the zygomatic arch because it reinserts
spontaneously. The bone flap is replaced and also fixed
with miniplates or wire, and finally the fascia and skin are
closed with running sutures.

Combination of the Orbitozygomatic Approach with
Other Approaches
Tumors invading the CS can grow backward to the posterior fossa, particularly to petroclival region, or the cerebellopontine angle. This is very rare in patients with a pituitary
adenoma and is most commonly seen in those with meningiomas. When invasion of these areas is small, it is sufficient
to combine the orbitozygomatic approach with an anterior
transpetrosal approach by the complete drilling of the petrous apex (Kawase’s triangle). However, when the invasion
is large, it becomes necessary to combine it with a posterior
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Fig. 8.10 Right cavernous sinus exposure (in the surgical position) for a superior intradural approach. CN, cranial nerve; ICA, internal
carotid artery; V1, V2, V3, branches of the fifth cranial nerve.

transpetrosal approach.20,21 To combine this with the or
bitozygomatic approach, another curvilinear skin incision
must be made on the retro- and supra-auricular areas; this
incision joins the previous incision at a right angle at its
midpoint. A presigmoid retrolabyrinthine mastoidectomy
is done along with a retrosigmoid craniectomy and posterior temporal craniotomy. The dural incision begins in the
presigmoid region and goes upward to the superior petrosal sinus, which is ligated and cut. The dural cut is continued horizontally in the temporal region over the inferior
temporal gyrus, forming a T when joining the presigmoid
incision. Once the dura is opened, one retractor is placed
to mobilize the cerebellum and sigmoid sinus backward;
another retractor is placed in the subtemporal region for
the gentle elevation of the temporal lobe. The tentorium is
then exposed and cut up to its edge. Identifying and preserving the vein of Labbé is imperative to prevent post
operative edema of the temporal lobe. Once the tentorium
is completely cut, the tumor in the petroclival region is
widely exposed and can be removed.

that will be used to reconstruct the anterior floor of the
skull base. Bone dissection continues forward to fully expose
the orbital rims, where the supraorbital nerves are skeletonized and freed. At the midline, dissection is extended
downward to the frontonasal suture (Fig. 8.12). Both periorbits are dissected from the superior, lateral, and medial
walls of the orbit, at least 3 cm posterior to the supraorbital
ridges. A bifrontal craniotomy is then done, as basal as possible, which entails the risk of opening the frontal sinuses.

Extended Subfrontal Approach
For the extended subfrontal approach, the patient is placed
in the supine position with the head at 0 degrees and
slightly extended (Fig. 8.11). A bicoronal skin incision is
made behind the hairline, starting immediately in front of
the ear, from where it rises vertically to the other side. The
skin flap is dissected and reflected rostrally, leaving the
pericranium attached to bone. When the dissection reaches
the orbital rims, the pericranium is then detached and elevated, with sectioning 3 to 4 cm behind the skin incision.
This maneuver creates a longer pediculated pericranial flap

Fig. 8.11 The patient’s position for the extended subfrontal
approach.
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Fig. 8.12 After a bicoronal skin incision is made, the pericranium and the myocutaneous flap are reflected forward.

Fig. 8.13

Sometimes the internal frontal crest is very prominent. In
such cases, the bone in this region must be fractured during the craniotomy. The mucosa of the frontal sinuses is exenterated and the posterior wall of the sinuses is removed
(cranialization).
Next, the dura mater of the crista galli is detached. A
bilateral orbital osteotomy is then performed with three
particular cuts. The first cut (anteroposterior) is made on
each orbital roof beginning on the orbital rims just lateral
to the supraorbital notch and ending 3 cm behind. The second, or coronal cut, is then made where the first cut ends
(3 cm behind the orbital rim) and runs through the roof of
both orbits, passing behind the cribriform plate of the ethmoid bone. The third, or axial, cut is made at the level of or
just below the frontonasal suture and extends posteriorly to
meet the coronal cut behind the cribriform plate. This cut
risks injury to the ethmoidal arteries, which must be coagulated. Once the three cuts have been made, the bilateral
fronto-orbito-ethmoid piece is removed (Fig. 8.13). Next,
the frontal poles are gently retracted extradurally to expose
the sleeves of the olfactory nerves (with the nerves inside),
which are sectioned bilaterally. Dural detachment is continued to the planum sphenoidale. When all the dura of the
anterior floor is detached, it is time to repair the dural defect
created by the cut on the olfactory sleeves. Under the microscope, the rest of the ethmoid cells and planum sphenoidale
are drilled. Both optic nerves are completely unroofed and
the anterior wall of the sphenoid sinus is removed, thereby

Area of the craniotomy (A) and osteotomy (B) in the extended subfrontal approach.
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Postoperative Care
After surgery, patients are routinely managed in the intensive care unit for the first 24 to 48 hours. They are extubated as soon as possible and undergo intensive neurologic
and endocrinologic vigilance. After surgery, there is a high
risk of electrolyte disequilibrium from manipulation of the
hypothalamic-pituitary axis. Prophylactic antibiotics and
anticonvulsant drugs are administered for 3 to 5 days. Steroids are given to reduce brain swelling and to replace any
hormonal deficit as a result of manipulation of the sellar and
suprasellar regions. Regardless of the patient’s condition, a
CT is done during the first 6 to 8 hours. Patients are usually
discharged from the hospital 6 to 7 days postoperatively.
A control MRI is done after the first 4 to 6 weeks to assess the presence of residual tumor. External treatment of
the patient should be done in conjunction with the endocrinology service to assess any need for definitive hormone
replacement.

Complications

Fig. 8.14 The extradural exposure obtained through an extended subfrontal approach.

opening this sinus, which is often invaded by the tumor
(Fig. 8.14). The floor of the sella turcica and the clivus are
now identified. The sellar floor is drilled and tumor removal
is continued into the sella turcica. With lateral movements
of the microscope, it is possible to access both parasellar
regions where tumor removal is continued.22,23
The exposure of the cavernous sinus achieved with this
approach is only partial. For this reason, this approach is
recommended only for tumors with a favorable consistency. If the tumor is fibrous, it is very dangerous to attempt removal because of the high risk of injury to the
cavernous ICA. Any injury to this artery is difficult to repair
because of the lack of proximal control and the limited exposure of this vessel.
Reconstruction begins with placement of the pediculated pericranial flap, which is used to cover the defect created by drilling the anterior floor of the skull base. This flap
must be split in its center to allow replacement of the orbital bar, which is fixed with miniplates. Finally, the bone
flap is repositioned and the epicranial planes are closed in
a standard manner.

The possible complications of these approaches are the
same as those of other, similar neurosurgical procedures and
include infection, hematoma, seizures, and CSF leak. Other
endocrinologic complications such as diabetes insipidus, hypothyroidism, hypocortisolism, or panhypopituitarism must
be considered. There may be rare cases in which the brain
manipulation damages the hypothalamic centers, leading
to stupor and coma, thus endangering the patient’s life.24
In any CS surgery, there is a high risk of deficit of the
oculomotor nerves. In these cases, the patient should begin
a physical therapy program or be referred to an oculoplasty
service to evaluate the need for some type of reconstructive surgery for cases of permanent deficits. Finally, all
these patients also have the potential risk of a serious complication generally associated with an ICA lesion.

Surgical Results
In general, when patients with a pituitary adenoma that
invades the CS are appropriately selected, the results are
surprising. Total resection of these tumors can often be
achieved, unlike with meningiomas, with minimal functional deficits (Figs. 8.15, 8.16, 8.17). Moreover, because
pituitary adenomas are benign tumors with a usually very
low rate of proliferation, patients remain disease-free for
longer periods.25 However, achieving a real cure (as internationally accepted) of functioning tumors is virtually
impossible when these lesions have invaded the CS.
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a
Fig. 8.15a,b T1-weighted MRI, axial view with contrast enhancement, of a 57-year-old woman with a pituitary adenoma
invading the left cavernous sinus and petroclival region. The patient was operated on with a combination of the orbitozygomatic

a
Fig. 8.16a,b T1-weighted MRI, coronal view with contrast enhancement, of a 51-year-old woman with a tumor invading the
sellar and suprasellar regions as well as both cavernous sinuses.

b
and posterior transpetrosal approaches. A total resection of the
tumor was achieved in this patient with no neurologic deficit.
(a) Preoperative image. (b) Postoperative image.

b
Through an extended subfrontal approach, the whole tumor (including the invasion into both cavernous sinuses) could be removed. (a) Preoperative image. (b) Postoperative image.
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a

b
Fig. 8.17a,b T1-weighted MRI, axial view with contrast enhancement, of a 44-year-old man with bilateral invasion of the cavernous sinus by a pituitary adenoma. The tumor was completely re-

moved through an extended subfrontal approach. (a) Preoperative
image. (b) Postoperative image.

The Endonasal Transsphenoidal Approach to Pituitary
Macroadenomas with Cavernous Sinus Extensions
Ali Shirzadi, Doniel Drazin, and Wesley A. King

Case Illustration
A 35-year-old woman presented for medical evaluation
of decreased visual acuity and headache. No significant
changes in her body habitus were noted. The physical examination was consistent with bilateral temporal hemianopsia; her visual acuity was 20/40 in the left eye and
20/70 in the right eye. MRI studies of the brain and sella
revealed a large enhancing mass having characteristics
most consistent with a nonfunctioning macroadenoma
with a suprasellar extension and involvement of the bi
lateral cavernous sinuses, with a greater extension on the
right (Fig. 8.18). Judging by the marked enlargement and
destruction of the sella turcica, the patient’s tumor appeared most likely to be a nonsecreting pituitary adenoma.
Based on the MRI findings, the probable diagnosis was a
cavernous sinus extension, although this diagnosis could
not be determined with certainty until the time of surgery. The patient’s hormonal abnormalities were limited
to a modest elevation in prolactin (55 ng/mL) attributed to
compression of the pituitary stalk by the large tumor.

The patient underwent a transsphenoidal resection of
the macroadenoma with the primary goal of decompressing the optic apparatus, with the hope of complete tumor
removal. After surgery, she did well and had immediate
improvement in her vision, and the postoperative image
showed complete resection of her tumor (Fig. 8.19). The
patient was discharged from the hospital on postoperative
day 2, with instructions to follow up with the endocrine
and neurosurgery services.

Historical Review
The transsphenoidal approach has become a well-established method of resecting intrasellar and suprasellar
pathologies. First proposed over a century ago,26 the technique has progressed and improved with the introduction
of the operative microscope, micro-instruments, and the
endoscope.27
Giordano first proposed the transfacial approach for pituitary lesions in 1897, but it was Hemann Schloffer of
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Fig. 8.18 A large enhancing mass with suprasellar and bilateral
cavernous sinus extensions.

Fig. 8.19 Postoperative MRI showing complete resection of the
tumor with decompression of the optic chiasm.

Austria who performed the first successful transsphenoidal
resection of a pituitary tumor in 1907. Kocher and Hirsch
modified the approach with multiple-stage resections of
sellar tumors and the introduction of the nasal speculum.28
Albert Halstead described the transsphenoidal sublabial
approach in 1910, and Harvey Cushing redefined it in the
1920s. Dott, who studied under Cushing, continued using
the transsphenoidal approach and trained Gerard Guiot,
who introduced the use of radiofluoroscopy for trajectory
confirmation in the 1950s and the use of the endoscope.28,29
Hardy, a student of Guiot’s, advanced the field with the incorporation of the operative microscope in the 1960s, dramatically changing the approach from just decompression
to the inclusion of endocrinologic symptom relief.28
Although Guiot introduced the use of endoscopy, it was
not until the 1970s that Apuzzo, Bushe, and Halves popularized the technique as an adjunct to microscopic resection of pituitary lesions.29 In the 1990s, a collaboration of
many neurologic and otolaryngological surgeons developed
an endoscopic transsphenoidal approach to the sella. Jho
and Carrau from the University of Pittsburgh became regarded as the leaders of pure endoscopic endonasal surgery
for sellar tumors.29 With continuing advances in radiology,
navigation, and endoscopy, the field is continuing to improve, and reports describe decreased morbidity, better
tumor resection, and the extension of the approach to suprasellar and third-ventricle pathologies.

in making a differential diagnosis and planning surgery. CT
supplements the MRI by better defining bony expansion
and destruction in selected cases. Usually, the MRI adequately demonstrates the relationship of the neoplasm to
the ICA and documents patency of the artery and cavernous sinus, making a preoperative angiogram unnecessary.
With pituitary adenomas, the caliber of the ICA is invariably normal, even when the artery is completely encased
by the tumor. This phenomenon occurs because the tumor
is soft and, unlike meningiomas, pituitary adenomas do
not usually invade the arterial adventitia.
When an invasive pituitary tumor is suspected, preoperative blood studies, including hormonal levels, are essential. These studies may determine the course of treatment,
for example, the use of a less aggressive surgical approach
supplemented postoperatively by medical treatment (e.g.,
bromocriptine) or radiation therapy. The role of surgery
in the treatment of prolactinomas remains controversial.30
When surgery is undertaken on prolactinomas, we prefer
to proceed with the operation and start bromocriptine treatment shortly thereafter, as this medication may promote
fibrosis of the tumor and make surgical resection difficult.
With surgery alone, the chances are small for a hormonal
cure in a patient with a prolactinoma that has invaded the
cavernous sinus, and therefore bromocriptine is usually required postoperatively. Overly aggressive surgery, with the
undue risk of cranial nerve injury, is not indicated in this
group of patients with pituitary tumors.
Surgery remains the first choice of treatment in patients with acromegaly, Cushing’s disease, and hormonally
inactive pituitary tumors.31–35 In these patients, the surgeon must take a particularly aggressive stance, even if
this means entering the cavernous sinus through a trans
sphenoidal approach. This is especially true with ACTH- and
growth hormone–secreting tumors. When left untreated,
these tumors have a significant associated morbidity, including malignancy in the case of acromegaly. An analogue
of somatostatin, octreotide, has been introduced as a medi-

Preoperative Evaluation
A careful and complete physical and neurologic examination of the patient is required before undertaking surgery
of the cavernous sinus, regardless of the approach. Because
of the risk of vascular and neural injury, patient selection
is very important. In all cases, an MRI is done to delineate
the extent of the lesion and assess any vascular involvement or abnormality. The MRI can depict a lesion’s origin
in the sella, clivus, or cavernous sinus, a critical distinction
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cal treatment modality for acromegaly.32,34,36 Although it
does not have the dramatic effect on tumor size that bromocriptine does with prolactinomas, octreotide has a high
efficacy rate for lowering growth-hormone levels and will
likely serve as a pre- and postoperative adjunct to surgery
in patients with acromegaly.32,34

Growth Characteristics of
Pituitary Adenomas
A relationship exists between the invasiveness of a pituitary tumor and its hormone-secretory status.36 Specifically, hormonally active tumors tend to behave in a more
invasive way than the hormonally silent adenomas. In
general, previous studies have looked at the histological
evidence of dural invasion by the tumor or the surgeon’s
observations at the time of surgery. MRI enables a pre
operative assessment of the relationship of the tumor to
cranial-base structures and a determination of the degree
of invasiveness.37–39 Cavernous sinus involvement is found
in 6 to 10% of adenomas37 with two distinct patterns of involvement. In the first pattern, adenomas can truly invade
the sinus such that the venous spaces are obliterated and
the ICA is partially or completely surrounded by the tumor.
This behavior is frequently seen with nonfunctioning macroadenomas and is occasionally seen in growth hormone–
secreting macroadenomas. In the second pattern, a tumor
can compress the cavernous sinus without invading it. On
MRI, the ICA may appear to have tumor partially surrounding it, but in no case is the artery completely encased. A
fibrous dural layer is maintained between the tumor and
the cavernous sinus.37,38 This pattern is most typical for the
nonsecreting or hormonally inactive tumors, with frank invasion of the cavernous sinus being rare. The involvement
of the cavernous sinus remains a diagnosis made at the
time of surgery. Finding an intact capsule adjacent to the
cavernous sinus and ICA allows for easier tumor removal
without significant intraoperative bleeding.38
Additionally, immunohistological studies with anti–
proliferating cell nuclear antigen (PCNA), an auxiliary
protein of DNA polymerase, Ki-67, and methoxyisobutylisonitrile (MIBI), a novel anti–Ki-67 antibody, have been
used to evaluate the growth rate and cavernous sinus invasion of pituitary adenomas.40,41 Although these markers,
especially MIBI, were correlated with a rapid growth of pituitary tumors, there was no correlation between cavernous sinus invasion and the growth rate of these tumors.40
The reason for the differences in growth characteristics
of these tumors remains unclear. Most likely, there are
additional biochemical factors inherent to the invasive tumors that facilitate invasion of the cavernous sinus.

Patient Selection
We do not believe that cavernous sinus involvement should
be a criterion for deciding to operate on a pituitary tumor
transsphenoidally or transcranially. This decision should be
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based on the patient’s age, health, and preoperative symptoms, and the direction of growth of the tumor. The surgeon’s experience is also an important consideration. In our
opinion, a craniotomy should be reserved for the patient
who is otherwise in good health, whose tumor has grown
either eccentrically under the temporal lobe or anteriorly
under the frontal lobe. Posterior-superior growth can be
treated satisfactorily through the transsphenoidal route.
A craniotomy can be considered when a transsphenoidal
procedure has not succeeded in achieving complete tumor
removal.

Surgical Anatomy
Complete familiarity with and understanding of the inferomedial anatomy of the cavernous sinus is essential before
undertaking surgery through the transsphenoidal approach.
As with lateral and superior-medial approaches to the cavernous sinus, familiarity with the anatomy is best achieved
through meticulous cadaveric dissection.42–46 The dura
of the medial wall of the cavernous sinus is thick, like that
of the outer layer of the lateral wall, but unlike the lateral
wall, an inner layer is absent. The dura of the pituitary
fossa, which has two layers, is contiguous with that of the
medial cavernous sinus. Interdural venous channels, in continuity with the cavernous sinus, can frequently be seen
passing beneath the pituitary gland and can be the source
of bleeding at the time of surgery. Many diagrammatic representations of the parasellar area show dura separating
the gland from the ICA, but this is not always present.
The ICA lies close to the medial wall of the cavernous
sinus and is usually separated from it by a thin medial venous space. Along the vertical segment of the ICA, there are
usually no venous channels medial to the artery. All segments of the intracavernous portion of the ICA can be visualized through the transsphenoidal approach. The posterior
vertical segment is found distal to the foramen lacerum.
After the posterior bend, the artery runs anterior as the
horizontal segment that ends at the anterior bend before
leaving the cavernous sinus. To enter the subdural space,
the artery must pierce the dural ring, which is tenaciously
attached to the ICA. The dural ring actually consists of two
fibrous rings that fuse medially where they are continuous with the dura of the diaphragma sellae. Laterally, the
dural ring continues as the dura overlying the anterior clinoid. Several branches of the ICA can be visualized through
the sphenoid sinus. The meningohypophyseal trunk and its
branches can be seen rising from the convex portion of the
posterior bend, and the artery of the inferior cavernous
sinus is seen lateral to the ICA as it passes above the abducens nerve. Less frequently visualized arteries include the
inferior hypophyseal and McConnell’s capsular artery.
The neural relationships of the medial parasellar area
are extraordinarily intricate. The optic nerve exits through
the optic canal superior-medial to the cavernous sinus,
with the ophthalmic artery applied to its inferior surface.
The ophthalmic artery can occasionally arise from the hor-
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izontal segment of the ICA, in which case it enters the orbit
through the superior orbital fissure. Cranial nerves III, IV,
and VI can be visualized lateral to the ICA. The ophthalmic
and maxillary branches of the trigeminal nerve can be exposed transsphenoidally and are rarely injured during surgery of the medial cavernous sinus. Sympathetic nerve fibers
run along the ICA before joining the abducens nerve and
ultimately supplying the intraorbital structures.

Surgical Procedure
Positioning of Patient and Equipment
For this approach, the nasotracheal tube is taped to the left
lower portion of the patient’s mouth immediately after a
nasal decongestant is applied to the nasal mucosa with cottonoids. We use MRI with image guidance to evaluate soft
tissue and the extension of tumor and its relationship to
carotid arteries. The patient is turned 180 degrees from the
anesthesiologist, with the surgeon standing on the right
side of the patient and the technician standing on the other
side of the bed. The navigation and endoscope monitors
are placed at the head of the patient. This position frees
the surgeon from any restriction and provides full access to
the patient’s nostrils with comfortable visualization of the
monitors. The patient’s head is secured with three-point
fixation to reduce any movement and improve the accuracy
of neuronavigation. The patient’s head is turned to the
right and the body is positioned on the right of the table
with the back elevated and all pressure points padded.

Approach
We use a bilateral nasal access for better visualization, less
crowding of instruments, and better control of hemorrhage
in case of complications. The endoscope is introduced at
the 12 o’clock position of the right nostril, with fracturing
and mobilizing of the medial turbinate laterally. The ostium of the sphenoid sinus is identified and the mucosa
surrounding it is coagulated with a suction Bovie instrument (Fig. 8.20). The ostium is widened with Kerrison
rongeurs, a drill, or both. Damage to the sphenopalatine
artery in the inferior-lateral aspect of the ostium should be
avoided. The posterior septal mucosa covering the vomer
is coagulated and the midline bone is removed, which provides access to the contralateral nostril (Fig. 8.21). These
steps are repeated on the left nostril, creating a wide bi
lateral sphenoidotomy extending laterally to the medial
pterygoid plates, superiorly to the planum sphenoidale,
and inferiorly to the floor of the sphenoid sinus. The posterior septectomy is further extended with a back-biting
instrument; care must be taken, however, to limit this resection to not more than the posterior third of the septum
as further resection can cause postoperative whistling for
the patient. For expanded endonasal approaches to the
sella, an endonasal septal flap is created and placed inferiorly in the nasopharyngeal fossa, and the septal mucosa is

Fig. 8.20 Upon advancement of the endoscope, the septum (S)
and medial turbinate (MT) can be identified medially and laterally, respectively. The ostia of the sphenoid sinus (O) is noted
deep in the nostril.

not coagulated. This wide opening provides great access
and enables the identification of key anatomic landmarks.
At this point, the endoscope is secured on a holder, and binasal, bi-dextrous access to the sella is possible (Fig. 8.22).

The Sinus
After the sinus is entered and all of the mucosa within it
is removed, several bony prominences are immediately
visualized and should be noted before any bone within the
sinus is removed. The carotid prominence, a bulge of the
lateral wall of the sphenoid sinus, overlies the vertical and
horizontal segment as well as the anterior bend of the ICA.
Frequently, a bony prominence from the maxillary nerve
can be identified. The location of the optic nerve can usu-

Fig. 8.21 By enlarging the ostia and removing the posterior
septal wall and vomer (bottom arrow), bilateral access to the sella
(top arrow) is facilitated.
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Fig. 8.22 By using an endoscope holder, the surgeon can free
both hands and have bi-dextrous access to the sella.

ally be identified along the superior-lateral aspect of the
carotid prominence. The clivus and its recess are noted inferior to the sella, as the sella is mostly enlarged from the
expanding tumor (Fig. 8.23). In the case of a neoplasm, the
sella or clivus can appear attenuated or distorted. Not infrequently, tumors extend into the sphenoid sinus.

Tumor Resection
The bone overlying the sella and medial sinus can be removed to expose the dura of the pituitary fossa and the
ICA. Doppler ultrasonography is used to localize the carotid
arteries before the dural opening, which is done with angled micro-feather blades. Any cavernous sinus bleeding
should be controlled with an application of Gelfoam cottonoid pressure over the area. If bleeding is noted after
micro-incision of the dura, it may be controlled by grasping
both dural leaves with the bipolar cautery and coagulating
them closed. Tumors involving the medial cavernous sinus
typically obliterate the vascular space and can be removed
in piecemeal fashion with ring curettes and microdissectors.
These instruments can be passed gently around the ICA
to remove tumor that has extended lateral to it. The endoscope may be introduced inside the sella to further visualize the extent of the mass, and further evaluation can be
done with an angled scope. Tumors most often expand the
sella, creating a corridor lateral to the carotid into the cavernous sinus, which can be easily followed with the endoscope. Significant venous bleeding is not usually a problem
until the final stages of tumor removal as the patent part
of the sinus is exposed. The adenoma can be further encouraged to collapse into the sinus through elevation of
the subarachnoid fluid pressure with intermittent Valsalva
maneuvers performed by the anesthesiologist or, alter
natively, by injecting intrathecal saline through a lumbar
subarachnoid catheter. Therefore, the tumor should be
removed in a systematic manner, with bleeding controlled,
and with absolute care taken to prevent injury to the optic
nerves and carotid arteries.

Fig. 8.23 When the sphenoid sinus is entered, the sella (top
arrow) and bilateral (left, middle arrow; right, bottom arrow) internal cartid proturberances can be identified with the internal
carotid arteries underneath them.

Complications
Intraoperative complications of the transsphenoidal approach include CSF leakage, carotid laceration (rarely), and
cranial nerve palsies. We reconstruct the sella with absorbable plates that are placed in the epidural space under the
sellar bone. Most CSF leaks can be repaired with autologous abdominal fascia, or fascia lata, with fat and fibrin
glue at the time of surgery. The postoperative diversion of
CSF with a lumbar subarachnoid catheter, left in place for 3
to 5 days after surgery, helps to ensure good healing of the
leak. In cases of carotid laceration, suture placement is impossible and pressure must be applied with cotton patties.
An angiogram, if feasible, should be done immediately to
evaluate the patency of the carotid and, if needed, a stent
repair of the avulsed vessel should be done.

Discussion
The goal of pituitary surgery is surgical decompression
of the neural structures, especially the optic apparatus,
and complete removal of hormone-secreting tumors. We
strongly believe that, as an initial procedure, the endoscopic transsphenoidal avenue should be used to approach
this tumor. A craniotomy or, alternatively, radiotherapy
can be undertaken as a second stage if the initial operation
does not completely remove the lesion. The endoscopic
approach provides great and wide visualization of the sella
and skull base, which aids in complete removal of the
entire tumor within the sphenoid sinus and immediate
decompression of the optic nerves and brainstem with
low associated morbidity. Pituitary tumors are typically
soft and gelatinous and have a propensity to descend into
the sphenoid sinus, thus making transsphenoidal resection
feasible.
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Although most pituitary tumors are avascular large
adenomas, such as the tumor seen in this illustrative case,
they can develop a blood supply and can be quite hemorrhagic. Concomitant with the increased vascularity is a
tendency of the tumor to become fibrotic, firm, and multisegmented. Histologically, one does not always see the
sheets of monotonous cells typical of pituitary adenomas,
but rather one may see a nest of cells separated by a fibrovascular stroma. The result is that tumor extirpation is
more difficult and may require sharp dissection to divide
fibrous septation and to open tumor loculations. Further,
the risk of CSF leakage in this setting is significantly higher
than during surgery on more routine macroadenomas.
Advances in microsurgical techniques have allowed
lesions of the cavernous sinus to be approached surgi

cally.47–49 One of the more challenging problems that has
received considerable attention is when a pituitary tumor
invades the medial cavernous sinus.50,51 We believe that
an endoscopic transsphenoidal approach provides for a safe
and successful surgical resection of these tumors. It allows
a panoramic view for magnified inspection of the resection
cavity as well as wider and better identification of key anatomic structures.52 With a two-handed microsurgical technique and an understanding of the two-dimensional depth
perception of an endoscope, a surgeon can perform this
microsurgical operation precisely with minimal brain manipulation and less frequent nasal packing.52,53 Improvements in instruments have allowed the field of neurosurgery
to advance and continue to expand the horizons of trans
sphenoidal surgery.

Moderators
Transcranial vs. Transsphenoidal Approach for Pituitary
Macroadenomas with Cavernous Sinus Invasion
Nelson Oyesiku and Brandon A. Miller
In most centers, pituitary macroadenomas without invasion into the cavernous sinus are approached exclusively
through transsphenoidal surgery. We almost exclusively
use a transsphenoidal approach with three-dimensional
endoscopy for the initial surgical treatment of all patients
with pituitary adenomas. The utility of this approach,
however, should not discourage familiarity with and a
consideration of the transcranial approaches to the sella
for tumors with a cavernous sinus extension. Although a
transsphenoidal approach should be used for microadenomas and macroadenomas without extension outside the
sella, tumors involving the cavernous sinus merit consideration of a broader range of surgical options. As described
above, both endoscopic transsphenoidal and transcranial
approaches can be used to approach pituitary tumors involving the cavernous sinus. The preceding authors’ descriptions of both these approaches should serve as guides
for neurosurgeons considering either approach. Here, we
emphasize points we have learned through our experience
in treating more than 2,000 patients with pituitary tumors,
and we discuss the indications for a transcranial approach.

Preoperative Evaluation
Even with the widespread availability of CT and MRI, patients with pituitary macroadenomas often present with
large invasive tumors, sometimes with invasion of the cavernous sinus. The slow-growing nature of these tumors and

often subtle vision changes that accompany their growth
frequently delay a patient’s workup through visual testing
or neuroimaging. This delay leads to the scenario of patients presenting with large or giant pituitary macroadenomas, often with cavernous sinus invasion.
Preoperatively, all patients should undergo MRI with
and without contrast, formal visual fields testing, and endocrine evaluation. In the case of a prolactinoma causing
significant mass effect, treatment with dopamine-agonist
drugs may be indicated solely or in combination with surgery. Similarly, growth hormone–producing adenomas may
respond to somatostatin analogues or dopamine agonists.
In our multidisciplinary clinic, a neurosurgeon and endocrinologist evaluate all new patients at the same visit,
which allows for the prompt initiation of medical management, if indicated, and the coordination of pre- and post
operative endocrine evaluations.
Surgery for a patient with an invasive macroadenoma
causing vision loss must be considered most carefully.
Although the goal of gross total resection, especially in
younger patients, is admirable, it must be balanced against
the potential risk of injury to neurologic and vascular structures. On the other hand, a large residual tumor is also less
susceptible to radiosurgery and may predispose the patient
to tumor progression.54 Aspects of surgical morbidity such
as hypopituitarism, injury to neurovascular structures, and
the risk of a CSF leak must be considered. These factors
should be discussed with the patient, and realistic expec-
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tations should be conveyed and analyzed. Preoperative
counseling about such postoperative complications such as
diabetes insipidus or a CSF leak will hasten their detection
should they occur postoperatively.

Selecting the Approach
We approach all microadenomas and macroadenomas without cavernous sinus extension through a transsphenoidal
route utilizing three-dimensional endoscopy. Tumors with
a cavernous sinus extension present a more challenging
situation. As Guinto describes, several cranial approaches
may be used to resect large and irregularly shaped macro
adenomas. All of these approaches involve a higher potential for neurovascular injury and postoperative cosmetic
defects compared with transsphenoidal surgery. Additionally, there is the risk of postoperative hemorrhage and ischemia with transcranial approaches,55,56 although this risk
exists after transsphenoidal surgery as well.55,57 The key
advantages of cranial surgery for invasive pituitary adenomas are access to the lateral aspect of the cavernous sinus,
which may be difficult to achieve via endoscopy, and the
ability to safely control the ICA.7
The extended transsphenoidal approaches have improved the surgeon’s ability to access the lateral cavernous
sinus, and studies have shown the efficacy of this approach
for adenomas invading the cavernous sinus.58–60 Although
limiting the surgeon’s ability to achieve hemostasis in the
case of large vessel injury, the endoscopic transsphenoidal
approach has many advantages, especially with the recent
advances in endoscopy, optics, and surgical instrumentation. The transsphenoidal route presents a more direct
trajectory to pituitary tumors and eliminates the brain retraction that usually accompanies pterional and subfrontal
exposures. Newer endoscopes, including systems that allow
for three-dimensional visualization, include 30- and 45-
degree lenses with illumination and magnification that
give the surgeon an excellent view of the sellar and para
sellar anatomy. Although working laterally toward and into
the cavernous sinus is challenging, angled scopes and instruments allow for tumor resection at difficult angles.
When there is venous bleeding from the sinus, Gelfoam,
Floseal, or Surgifoam and pressure with cottonoids are
quite effective for achieving hemostasis. We typically place
a lumbar drain in patients with large tumors, which allows
manipulation of the CSF volume during the case. Manipulating the CSF volume can help bring the tumor into the
operative field or help unload the prolapsed diaphragma
sella and arachnoid after tumor decompression to improve
visualization within the tumor cavity. We typically leave
lumbar drains in for 3 days after surgery for patients with
an intraoperative CSF leak.
Although we favor the transsphenoidal approach whenever possible, several specific situations and tumor configurations complicate a transsphenoidal approach.61 Tumors
with a fibrous consistency often do not descend into the
sella when resected from below, even after an extracapsu-
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lar transsphenoidal approach, and may require subsequent
resection through a transcranial approach.7 As Guinto
points out, a fibrous consistency may be predicted by a hypointense appearance on the T2-weighted MRI.62 Adenomas extending over the planum sphenoidale often require
an intracranial approach,63 although they also can be approached via an extended transsphenoidal corridor through
the anterior skull base with an angled lens.1 Vascular considerations, such as “kissing” carotid arteries that critically
constrict the sellar corridor or a coexisting cerebral aneurysm that is amenable to simultaneous clipping, indicate a
transcranial approach.63
Furthermore, variations in the anatomy of the skull base,
such as a lack of pneumatization of the sphenoid sinus,
may restrict or even preclude transsphenoidal access. As
King and colleagues state, an intracavernous extension of
the tumor lateral to the carotid arteries may pose a challenge for transsphenoidal resection. Although it is possible
to access the lateral cavernous sinus through an extended
transsphenoidal approach, such as a transpterygoid approach, complete resection of these lesions can be difficult.59 But this factor alone is rarely an indication for the
transcranial versus the transsphenoidal route. With the
availability of postoperative radiosurgery, it is quite reasonable to treat residual tumor in the lateral cavernous
sinus after an endoscopic approach rather than use a transcranial approach purely to resect cavernous sinus disease,
as long as the residual disease is minimal. Several studies
of radiosurgery for pituitary adenomas have shown good
results.54,64,65 The most common reason we perform a craniotomy for pituitary adenoma is that any residual disease
after a transsphenoidal operation is not amenable to radiotherapy. We approach these tumors first endoscopically,
and then carry out a craniotomy for residual disease.
Any residual tumor burden is treated with stereotactic radiosurgery or fractionated stereotactic radiotherapy, and
patients undergo annual MRI and close neurosurgical, endocrinologic, and ophthalmologic follow-up. When the residual tumor left after a transsphenoidal approach is too
large for effective radiosurgery, we perform a craniotomy
on the right side unless the patient has severe vision loss
on the left, in which case a left-sided approach has less
chance of causing new visual deficits. In patients with large
tumors and hydrocephalus, a ventriculostomy may be indicated before surgery. In select patients with large tumors,
we have performed simultaneous transsphenoidal microscopic and transcranial approaches,66 but this practice has
fallen out of favor because of success with a staged endoscopic transsphenoidal-transcranial approach.
There are few data comparing the quality of different
approaches for invasive pituitary adenomas. One recent
review in the literature compared 66 patients undergoing
endoscopic transsphenoidal resection with 106 patients
undergoing transcranial surgery for giant adenomas.57 The
review found that, with the different surgical approaches
used at different centers, including different surgeons with
varying experience, retrospective analyses, nonrandom-
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ization, and missing data sets, appropriate and valid comparisons were impossible. The recent literature focusing
on cavernous sinus disease has shown subtotal tumor
resection but low morbidity after the transsphenoidal

approach.58–60,67,68 Although case series have shown a high
rate of gross-total resection in transcranial approaches to
the cavernous sinus,56,69 there is a growing consensus that

the lower morbidity of the transsphenoidal approach combined with the effectiveness of postoperative radiosurgery
makes it the more favorable avenue.70–72 We advocate
transsphenoidal resection followed by stereotactic radiosurgery or fractionated stereotactic radiotherapy for all but
a select few patients with pituitary macroadenomas invading the cavernous sinus.
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Chapter 9

Treatment of Craniopharyngiomas:
Total Removal vs. Subtotal Removal
with Radiation

Case
A 14-year-old girl came to medical attention with diabetes insipidus and a visual field defect.

Participants
Subtotal Resection with Focal Irradiation for Craniopharyngiomas: Frederick A. Boop and Scott D. Wait
Radical Resection of Pediatric Craniopharyngiomas: Jeffrey H. Wiskoff and Robert E. Elliott
Moderators: Total Removal vs. Subtotal Removal with Radiation for Craniopharyngiomas: Edward R. Smith
and R. Michael Scott

133

134  

Controversies in Neurosurgery II

Subtotal Resection with Focal Irradiation for Craniopharyngiomas
Frederick A. Boop and Scott D. Wait
Here is a letter I recently received from the mother of a
child with a craniopharyngioma:
I have a 15-year-old son who was diagnosed at the age
of 10 with a golf ball–sized craniopharyngioma. He had
a gross total resection. … He has all the usual compli
cations: panhypopituitarism, diabetes insipidus, hyperphagia, hypothalamic obesity, and visual loss, plus he
suffered a stroke when the surgeon “nicked” an artery.
He also developed severe behavioral problems. He is
extremely violent and self-abusive. One day, we noticed
he didn’t have any vision at all. We took him to his ophthalmologist and she recommended we take him to see
his neurologist because she couldn’t see anything wrong.
We had appointments with endocrinology too so his
neurologist worked him in. He was admitted and had an
emergency MRI. It was found that a herpes virus had
attacked his retina. His neurologist told us the MRI had
shown a recurrence of the craniopharyngioma in the
sella region. He gave us three options: (1) wait and see
and re-scan in 3 months, (2) stereotactic radiosurgery, or
(3) do nothing. The final option was given only because
our son had developed other issues such as hypertension, spinal fusion due to idiopathic scoliosis, dystonia,
two Staph. aureus infections, sleep apnea, diabetes, enlarged liver with elevated liver enzymes, lung depletion in the lower quadrants of his lungs, and depression.
Right now we are planning on doing the radiation in the
near future.

This letter is not to be misconstrued as an indictment of
surgery for craniopharyngiomas but rather as an example
of what is likely when a less experienced team cares for
a child with a complicated craniopharyngioma. When one
stops to consider that craniopharyngiomas represent only
1 to 2% of pediatric brain tumors, that the average children’s
hospital may see 30 to 40 pediatric tumors per year, and
that there are generally two or more neurosurgeons on
staff at a given hospital, then the average pediatric neurosurgeon might operate on only one craniopharyngioma
every 2 to 3 years.1 Thus, outside of major referral centers,
it would be difficult for most neurosurgeons to gain enough
experience with these tumors to consider themselves
experts. More importantly, in interpreting the published
literature on surgery for craniopharyngiomas, one cannot
extrapolate the outcome or morbidity from a Wisoff, Yasargil, or Al-Mefty to one’s own experience.2 The care of
children with these tumors is complex, requiring a wellorganized multidisciplinary team willing to consider various treatment options for each individual patient. The team
must provide a careful long-term follow-up to optimize
functional recovery.
The treatment recommendations for the child cannot
simply be “take it all out” versus “treat with focal irradia-

tion.” The reason that there are so many reported treatment options for this disease, such as observation,
intracystic therapy, endoscopic drainage, stereotactic radiosurgery, conformal radiotherapy, proton beam therapy,
and limited to complete resection, is that each of these
treatments works well for some patients and none of these
treatments works best for all patients. The treatment considerations for the child who presents with a headache,
short stature, and normal vision with a small sellar lesion
should be different from that for the child who presents
with obtundation, panhypopituitarism, and acute hydrocephalus secondary to a giant craniopharyngioma3 (Figs.
9.1, 9.2).

Preoperative Evaluation
The preoperative evaluation of each child is essentially
the same. It includes high-definition magnetic resonance
imaging (MRI), a formal visual evaluation, a detailed en
docrinologic workup including stimulation testing, and
psychosocial evaluation including developmental history,
school performance, family stability, and available community support.4 In the past quarter of a century, our microsurgical skills and training have allowed us to move from
reporting morbidity and mortality throughout the 1970s
to reporting basic functional outcome measures, such as
the Glasgow Outcomes Scale at the end of the last century,
and then to more detailed functional scales such as those
of Karnofsky, Lansky, and others.

Treatment Strategies
In the current era, reporting of outcomes from cranio
pharyngioma treatment has moved to detailed neuropsychometric studies, quality-of-life measures, evaluations of
school performance including attentional and processing
problems in addition to visual acuity and fields, details of
endocrinopathy and vasculopathy, and measures of progressive disease. Computed tomography (CT) and magnetic
resonance angiography give us accurate assessments of
postoperative pseudoaneurysms, moyamoya disease, and
small-vessel arteritis. We also know that with each major
intervention for craniopharyngiomas—surgery, radiotherapy, cyst catheter replacement, or shunt revision—the child
will lose some measure of function. So when we review
a series such as that reported by Hoffman, in which only
60% of children had a gross total resection of their tumor,
and of those 15 to 20% recurred over time, the majority of
these children will require a second craniotomy for recurrent disease, often followed by irradiation.5 Under these circumstances, for the child who has had two or three major
craniotomies with or without a shunt or shunt revision,
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a

b
Fig. 9.1a,b (a) This is a T1-weighted gadolinium enhanced coronal image of an 8-year-old female presenting with headaches,
normal visual exam, and normal endocrine status. Note the supracellar tumor extending into the third ventricle and causing

hydrocephalus. (b) A sagittal T1 gadolinium enhanced image of
the same patient showing extension of the tumor into the posterior fossa nearly to the foramen magnum.

followed by medial forebrain irradiation, it is not realistic
to expect the child to remain highly functional. Thus, minimizing the number of potential interventions is critical
when designing a treatment strategy for these children.6 A
child with a small suprasellar craniopharyngioma should
have an 80% chance for long-term cure with either complete resection of the tumor or with focal irradiation. The
long-term recurrence risk after either treatment is approximately 20%. After focal irradiation, the child will likely

eventually require a replacement of growth hormone, cortisol, and thyroid hormones, but is not likely to develop
diabetes insipidus. The child having had surgical extirpation will likely require treatment for diabetes insipidus in
addition to the other three hormones. Certainly, hormone
replacement for diabetes insipidus is easier now that desmopressin is in a pill form, but in an unreliable social setting or for the family who cannot afford the medications,
diabetes insipidus is life-threatening.7

a

b
Fig. 9.2a,b The third ventricular portion in the same patient as
in Fig. 9.1 was resected through a transcallosal approach and the
posterior fossa portion through a retrosigmoid approach, leaving
tumor stuck to the hypothalamus. The patient then received focal

conformal radiation to the small residual tumor. Two years following surgery, she is currently free of headaches with normal vision
and requires only the replacement of growth hormone.
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Regarding diabetes insipidus, many surgical articles have
discussed the importance of preserving the pituitary stalk,
even though most of the time the patient will develop diabetes insipidus after resection of the craniopharyngioma.
In the case of larger craniopharyngiomas, diabetes insipidus may be secondary to hypothalamic injury, not just the
pituitary stalk effect. Thus, if one considers diabetes insipidus as a dependent variable, children with this disease
have an increased risk of obesity, attentional problems, and
learning difficulties compared with those who do not have
diabetes insipidus.8 Given that diabetes insipidus is seen in
association with radical resection of craniopharyngiomas
in up to 90% of patients, whereas it is an uncommon consequence of treating a child with focal irradiation, one can
understand that larger craniopharyngiomas with hypothalamic involvement would be better suited to partial resection and focal radiotherapy.
These data have led many neurosurgeons to propose
grading systems for craniopharyngiomas in which treatment decisions are based on preoperative imaging characteristics. Puget and colleagues,9 for example, have proposed
a three-tier system in which children with a craniopharyngioma but no hypothalamic involvement undergo surgery
with curative intent, whereas those with significant hy
pothalamic involvement undergo partial resection to decompress neurologic structures and reduce the treatment
volume required for postoperative radiosurgery.
The optimal treatment of a child presenting with a craniopharyngioma is complex and should be based on a
multidisciplinary evaluation when possible. Given the number of treatment options, the treatment should take into
account the experience of the treating surgeon and radiation oncologist, the extent of involvement of neurovascular
structures seen on imaging, and the resources available to
the patient and family. Excellent long-term results can be
obtained in the hands of experienced surgeons as long as
neuroendocrine support and long-term follow-up are provided. Similar results can be obtained by less experienced
teams with limited surgery and focal irradiation. In this
group of children, progression-free survival rates of 80% or
better can be expected at 10 and 20 years, with only a third
of the patients requiring lifelong treatment for diabetes insipidus.7 Using a paradigm of subtotal resection and irradiation should virtually eliminate surgical deaths. Thus, for
the majority of pediatric neurosurgery centers and for children with a less reliable social milieu, this approach allows
for a better outcome with less up-front risk.10 For children
with a recurrent craniopharyngioma or progression of disease after prior incomplete resection, it is best to consider
referral to a specialty center for further treatment when
possible. We are currently conducting a detailed prospective study to determine whether proton beam radiotherapy
can improve the quality of life in children with this disease
[A Phase II Trial of Limited Surgery and Proton Therapy for
Craniopharyngioma and Observation for Craniopharyngioma After Radical Resection (NCT01419067); http://clinical
trials.gov/ct2/show/NCT01419067.]

Management of Craniopharyngiomas
We published a monograph in 1996 on the management of
craniopharyngiomas, in which we listed 10 recommendations.2 Based on the improvements in care and in the understanding of this disease since that time, we have modified
those 10 recommendations as follows:
1. The goal of treating craniopharyngiomas should be to
control tumor growth while preserving the patient’s
cognitive, visual, and endocrine function.
2. Microsurgical decompression should be the initial treatment in any patient with rapid visual or neurologic
decline or obstructive hydrocephalus. For hydrocephalus secondary to a large cystic craniopharyngioma,
stereotactic or endoscopic placement of an Ommaya
reservoir into the cyst, followed by aspiration and irradiation, has proven to be an effective alternative if
the hydrocephalus is alleviated.
3. Microsurgical resection should be the initial consideration in children younger than 5 years of age in an
effort to avoid the potential deleterious effects of radiation on the developing brain.
4. For patients with a large solid component to their
tumor, both complete resection with curative intent
and subtotal resection followed by focal irradiation
appear to have equivalent control rates. Subtotal resection with focal irradiation affords better preservation
of hypothalamic function.
5. Transsphenoidal resection should be considered the
initial treatment for tumors located primarily within
the sella turcica.
6. Surgical removal should be considered only for patients who have ready access to appropriate endocrinologic follow-up and replacement hormones, and for
whom the family is capable of reliably providing for
postoperative endocrinologic needs. Patients returning
to underdeveloped countries or rural areas are at increased risk of death if these needs are not considered
preoperatively. Compared with surgery, radiation therapy clearly reduces the likelihood of diabetes insipidus
and the need for multiple hormone replacement.
7. For patients with primarily cystic tumors, intracystic
therapy with the radioisotopes of phosphorus (32P) or
yttrium (90Y) or with interferon appears to be efficacious, but its long-term ability to control the tumors has
been called into question and many centers, including
ours, have stopped using this modality in children.
8. Patients in whom a complete resection has been attempted by a skilled microneurosurgeon but has failed
because of the tumor’s adherence to vital structures
may be closely followed with neuroimaging if progression is not likely to compromise visual or neurologic
function. As two thirds of cases progress within 3 years
of surgery, focused radiosurgery should be done at the
time of clinical or radiographic progression. It should
not be done for a fleck of residual calcification seen on
a postoperative computed tomogram.

9
9. Patients presenting with solid or mixed tumor recurrence after what was initially believed to be a complete
resection should undergo focal irradiation. Further surgery should be limited to decompression to improve
the target volume for irradiation or restore loss of function. At present, there are no prospective data to say
that one option is more effective than the other.
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10. Stereotactic radiosurgery is best reserved for solid components of craniopharyngiomas that are small (less
than 20 mm in diameter) and separated from the optic
apparatus by 3 to 5 mm or more.

Radical Resection of Pediatric Craniopharyngiomas
Jeffrey H. Wisoff and Robert E. Elliott
Craniopharyngiomas comprise roughly 3% of all intra
cranial neoplasms11,12 and are the most common nonglial
brain tumor of childhood, constituting 6 to 8% of all pediatric brain tumors.13,14 On a population scale, however, they
are relatively rare lesions with an incidence of only 0.13 per
100,000 person years.15 Fewer than 350 combined adult
and pediatric craniopharyngiomas are diagnosed each year
in the United States, and less than half of these occur in
children.15,16 Thought to arise from embryological remnants of the craniopharyngeal duct, these benign epithelial
neoplasms with solid, cystic, and calcified components can
arise anywhere along an axis from the third ventricle to
the pituitary gland.17–21
The benign histology of craniopharyngiomas, however,
belies their rather malignant clinical course in children. Described by Harvey Cushing22 as “one of the most baffling
problems to the neurosurgeon,” their close proximity to
the visual apparatus, circle of Willis, pituitary stalk, and
hypothalamus predisposes these patients to severe adverse
sequelae both at presentation and after treatment. Common findings include headache, vision loss, diabetes insipidus, panhypopituitarism, short stature, hypothalamic
dysfunction with behavioral and memory disturbances,
hyperphagia, and obesity.

limited resection and radiation therapy causes more delayed morbidity including panhypopituitarism, visual deterioration, cognitive and attentional dysfunction, secondary
central nervous system neoplasms, and cerebrovasculopathy, namely moyamoya disease.31,45–53 Palliative procedures
such as stereotactic cyst aspiration or Ommaya reservoir
drainage may provide relief from the compression of neural
and visual structures, but these effects are invariably transient. Progressive solid and cystic tumor recurrence and
growth is inevitable. We believe such therapies should not
be considered definitive or adequate treatment early in the
course of disease.
The relative scarcity of craniopharyngiomas, the persistent lack of consensus regarding optimal treatment, and
the potential morbidity of all forms of treatment combine
to make it difficult, if not impossible, to determine the best
management strategy. Given similar rates of disease control and survival with the two main treatment strategies,
the focus of outcome assessment has shifted to quality-oflife metrics.9,31,54–58 However, detailed quality-of-life outcomes from large series of uniformly treated patients are
scarce. In this section of the chapter, we describe our preferred treatment paradigm for craniopharyngiomas in children: radical resection with the aim of surgical cure.

Treatment Philosophy

Preoperative Evaluation

Debate persists regarding the optimal treatment of patients with craniopharyngiomas. Regardless of the strategy
selected, however, definitive tumor control or cure should
be the goal of any treatment for pediatric craniopharyngiomas. Two critical factors for a potential cure are the extent
of surgical excision and cranial irradiation. Some centers
advocate radical resection for surgical cure, whereas others
favor limited resection followed by radiation therapy to potentially limit injury to the hypothalamus. Both major paradigms provide similar rates of disease control and overall
survival.23–39 Although radical resection may have a higher
potential for immediate perioperative morbidity,9,23,29,40–44

Depending on the patient’s age and the clinical status before surgery, we prefer a complete evaluation by various
specialists that includes ophthalmologic, endocrinologic,
and neuropsychological testing. Parents and families are
counseled as to the expected short- and long-term post
operative course.
Our preoperative imaging protocol consists of MRI with
frameless stereotactic image acquisition and CT. CT provides detailed information about the extent and location
of tumoral calcification. Careful evaluation of multiplanar
MRI scans is essential to understand the often complex
relationship that craniopharyngiomas have to the visual
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apparatus, hypothalamus, and surrounding vasculature,
and will lead to improved outcomes.
First, the location of the tumor in relation to the optic
apparatus must be determined. Tumors can be entirely
subchiasmatic primarily within the sella, prechiasmatic
with or without a subfrontal extension, retrochiasmatic involving the floor of the third ventricle and the hypothalamus, or have a complex relationship to the chiasm with
both prechiasmatic and retrochiasmatic components. Second, attention must be paid to the relationship of the dorsal aspect of the tumor and the hypothalamus. An increased
involvement and deformation of the hypothalamus has been
shown to predict the level of preoperative hypothalamic
dysfunction as well as the operative morbidity of resection.
Third, as craniopharyngiomas enlarge, they can form multi
lobulated cysts that extend along the pathways of least resistance and invade nearby anatomic spaces in the anterior,
middle, and posterior fossae. These extensions must be
recognized to optimize the surgical approach and minimize any retraction injury to normal brain parenchyma.

Surgical Approaches
Given the variability of the precise location and size of
craniopharyngiomas, a variety of approaches have been
described by different surgeons. These include the sub
frontal,5,13,59–62 pterional,23,26,44,63,64 combined,9,24,37,39,41 bifrontal interhemispheric,65,66 transcallosal,67 subtemporal,68
transpetrosal,69 and transsphenoidal approaches.70–73
We prefer a modified pterional exposure that includes
removal of the supraorbital rim, anterior orbital roof, and
the zygomatic process of the frontal bone. This approach
provides the shortest, most direct route to the suprasellar
region. It minimizes frontal and temporal lobe retraction
with wide splitting of the sylvian fissure, allows early release of cerebrospinal fluid from the sylvian and carotid
cisterns to aid brain relaxation, and facilitates early visualization of the carotid arteries and optic apparatus. Tumors
extending from the pontomedullary junction to above the
foramen of Monro can be successfully and safely removed
through this approach without the need for corticectomy
or sacrifice of the olfactory nerve, or potential cognitive
dysfunction from the retraction of both frontal lobes.
Surgical adjuncts include the Cavitron Ultrasonic Surgical Aspirator (CUSA; Tyco Healthcare Radionics, Burlington,
MA), frameless stereotaxy, and rigid and flexible endoscopes, and these should all be used when appropriate. Recently, we have found that endoscopic visualization during
dissection of the tumor from the ventral surface of the chiasm and floor of the third ventricle greatly enhances the
safety of tumor removal in this critical region and enables
the complete removal of small fragments of tumor, calcium
deposits, or both, that may or may not contain viable tumor
cells. The endoscope is also useful for intraventricular visualization and the potential resection of tumor that lies
within the third or lateral ventricles and is not accessible
through the transsylvian approach. We reserve the trans

sphenoidal approach for tumors that are primarily or completely within the sella turcica.

Operative Technique
After intubation and the induction of anesthesia, the patient is positioned and stereotaxy is registered. Then
dexamethasone (0.1 mg/kg), phenytoin (15 mg/kg), and
cephalexin (25 mg/kg) are administered. Mannitol (0.25
g/kg) is given at the time of skin incision to aid brain relaxation. The diuretic effect is maximal within 1 hour of
infusion and, ideally, at the time of brain and tumor manipulation. Hyperventilation and the progressive drainage
of cerebrospinal fluid from the sylvian and basal cisterns
usually provide excellent brain relaxation, even in the presence of hydrocephalus. Ventricular drainage is reserved
for cases refractory to these maneuvers or in patients
with severe, increased intracranial pressure unresponsive
to medical management. However, if severe hydrocephalus
is present or if there is a significant solid tumor component
superiorly within the third ventricle, a 4-mm endoscope is
placed into the lateral ventricle and held in place with a
rigid retractor. This maneuver allows the surgeon to alternate visualization and the dissection of tumor from the
endoscopic, intraventricular, or microscopic transsylvian
routes.
A Z-plasty skin incision posterior to the hairline is made
from the tragus to just beyond the midline. The temporalis
fascia and muscle are sharply incised with a No. 15 blade
and bluntly dissected from the underlying calvaria with a
periosteal elevator to allow for excellent reapproximation
at the end of the procedure and to minimize atrophy of the
temporalis muscle. A one-piece, modified pterional craniotomy with removal of the anterior orbital roof, supraorbital rim, and zygomatic process of the frontal bone is then
performed with the craniotome and a chisel and mallet. A
brain retractor is used to prevent injury to the orbital contents or laceration of the periorbita during the orbital and
supraorbital osteotomies. The dura is dissected from the
sphenoid bone, which is removed with rongeurs down to
the supraorbital fissure.
The dura is then elevated with a dural hook and incised
in a C-shaped fashion. Especially for large tumors that
distort the anatomy of or extend beyond the suprasellar
cisterns, identifying the vascular anatomy provides critical
internal landmarks for safe navigation. Laterally, the sylvian fissure is widely split and the branches of the middle
cerebral artery are identified. Arachnoidal dissection of the
fissure proceeds medially to the bifurcation of the internal
cerebral artery. Once the carotid artery comes into view,
the anterior cerebral artery and optic nerve, chiasm, and
tracts are carefully inspected to reveal the relationship of
these structures to the tumor (Figs. 9.3, 9.4).
We caution against early decompression of the cystic
portion of the tumor, as this can result in redundancy of
the tumor capsule and the overlying attenuated arachnoid.
This loss of turgor can obscure the planes of dissection. The
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Fig. 9.3a–d A 9-year-old girl presented with a severe, progressive headache. On examination, she was found to have partial
palsy of the third cranial nerve on the left and 20/40 visual acuity
on the left. (a,c) Magnetic resonance imaging (MRI) scans after
gadolinium enhancement revealed a 4-cm mixed cystic and solid
tumor with a post-fixed chiasm. (b) Solid calcification in the left
suprasellar region was apparent on the computed tomography
(CT) scan. (d) Through a right pterional craniotomy, the patient
underwent gross total resection of the adamantinomatous craniopharyngioma with transient worsening but eventual improvement in her cranial nerve palsy. Her visual acuity improved to
20/25 after surgery. Although the pituitary stalk was preserved,
she developed diabetes insipidus and requires desmopressin. She
is now 18 years past surgery, has been without disease recurrence, and completed graduate school after attending college.

overarching strategy for craniopharyngioma resection is to
develop an arachnoid plane circumferentially around the
tumor within the suprasellar cisterns followed by inspection and possible sectioning of the stalk. The last and most
critical step is manipulation and excision of the dorsal portion of the tumor involving the hypothalamus.
Working in the opticocarotid, prechiasmatic, and carotidotentorial triangles, an arachnoidal plane is developed
between the tumor capsule and the arteries of the circle
of Willis. Careful attention must be paid to ensure pres
ervation of the basal perforators. This plane is developed
in a posterior direction until the basilar artery is identified through the usually intact membrane of Liliequist.
This extracapsular dissection is usually facilitated by well-
demarcated and preserved arachnoidal planes. In patients
with recurrent tumors, these planes can be heavily scarred
and may require an increased use of sharp microdissection.
After the cerebral vasculature is separated from the
tumor capsule, the cyst can be aspirated and the solid components debulked. All attempts should be made to preserve
the capsule of the tumor to allow gentle traction for even-

a
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Fig. 9.4a,b (a) This intraoperative photograph taken after
splitting of the right sylvian fissure confirmed the prechiasmatic
nature of the craniopharyngioma seen in Fig. 9.3. The left optic
nerve is elevated by the tumor, rotated into view, and exhibits
pallor. (b) After gross total resection of the tumor, the optic
nerves were decompressed and vasospasm was evident in the
right internal carotid artery and the A1 segment of the anterior
cerebral artery.

tual dissection of the tumor from its remaining attachments,
especially the floor of the hypothalamus. With continuing
respect for the arachnoidal planes, the surgeon then dissects the tumor free from the optic chiasm and the contralateral carotid artery and its branches. Although an attempt
is always made to identify and preserve the pituitary stalk,
we have found this successful in only 30% of patients. We
recommend sectioning the stalk as distal as possible, without compromising negative margins, to potentially limit
the severity of diabetes insipidus. After the tumor is separated from the entire circle of Willis and the pituitary stalk
and optic apparatus, the capsule is grasped, and, with a
combination of gentle traction and blunt dissection, a gliotic plane is developed between the dorsal aspect of the
tumor and the floor of the third ventricle and hypothalamus in the region of the tuber cinereum. After the tumor
is removed, the entire tumor bed must be inspected for
residual disease with either a micro-mirror or an angled
endoscope. Papaverine-soaked Gelfoam pledgets are then
placed around the arteries of the circle of Willis to help
ameliorate vasospasm (Fig. 9.4) and are removed before
dural closure.
If the tumor has a significant retrochiasmatic or intraventricular component, the lamina terminalis must be fenestrated (Fig. 9.5). The lamina terminalis is distinguished
from the chiasm by its pale, avascular appearance and is
often distended and attenuated by the underlying tumor.
Tumor within the third ventricle can be simultaneously delivered through both the lamina terminalis and from below
the chiasm. We find the use of a 4-mm endoscope inserted
into the third or lateral ventricle to be extremely helpful to
assist in the delivery of the intraventricular component of
the tumor, obviating the need for a transcallosal approach
to achieve complete resection. For tumors with a significant extension into the sella turcica, removal of the tu
berculum sellae and posterior planum sphenoidale may
be necessary to gain adequate exposure of the intrasellar
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reported. Regular evaluations by dedicated pediatric endocrinologists, ophthalmologists, and neuro-oncologists are
essential in managing these cases long-term.

Outcomes and Complications

c

d

Fig. 9.5a–d A 7-year-old boy presented with headache and behavioral outbursts. (a,b) MRI scans revealed a 5-cm retrochiasmatic tumor with significant extension into the third ventricle,
causing obstructive hydrocephalus. (c,d) After gross total resection of his adamantinomatous craniopharyngioma through a
right pterional approach and fenestration of the lamina terminalis, he remained neurologically, visually, and hormonally intact,
and his hydrocephalus resolved after the tumor was removed.
He did, however, experience slight worsening of his short-term
memory but was able to do well in school and currently attends
college. He remains free of disease 14 years after resection.

space. After tumor removal, all bony defects in the sinuses
must be repaired to prevent cerebrospinal fluid fistulas.

Postoperative Care
Following surgery and neurologic examination, all children
are transferred immediately to the pediatric intensive care
unit. A multidisciplinary team of pediatric endocrinologists, neuro-oncologists, and intensivists collaborate in the
postoperative care. Frequent urine and electrolyte analyses
are done to monitor for and aggressively treat electrolyte
disturbances, namely diabetes insipidus. Dexamethasone
is tapered over the course of 1 week, and phenytoin is continued for 3 weeks after surgery. The phenytoin is further
continued for extended periods only in patients with seizures that cannot be attributed to electrolyte disturbances.
Postoperative MRI and CT scans are done within 48
hours after surgery to ensure complete resection. Sur
veillance MRI scans and clinical follow-up occur every
3 months during the first year, every 4 months during the
second year, every 6 months for the next 3 years, and every
year for the next 5 years. Frequent imaging allows for the
early detection of recurrence while tumors are small and
preferably asymptomatic. However, long-term imaging
and follow-up are important, as late recurrences have been

In the era of MRI, radiographically confirmed complete
resection is possible in 80 to 100% of patients. Perioperative mortality after aggressive surgery has also declined
substantially over the past two decades secondary to
advances in neuroimaging and microsurgical techniques,
from more than 10% to 0 to 4% in most current series.5,9,13,23–26,29,30,32,39,40,45,63,64,74–80 Multiple authors report
that the surgeon’s experience with craniopharyngiomas has
a significant impact on the likelihood of achieving complete
resection and good functional outcomes.9,35 Surgeons performing more than two operations per year for radical resection had good outcomes in 87% of children compared
with only 52% in those performing fewer operations.35
Numerous centers have reported excellent rates of disease control and functional outcomes with the strategy of
radical resection. In a large series by Zuccaro,39 complete
resection was achieved in 69% of 153 children. All children
who underwent complete resection were in school and no
more than 1 year behind in grade level, in contrast to only
62% of children who had limited resection and radiation.
Di Rocco and colleagues25 reported complete resection in
78% of 54 children treated with curative surgical intent.
In their series, overall improvement in the patients’ intelligence quotient (IQ) occurred after resection with a mean
postoperative IQ of 112 (range 95–130). All but two of 50
surviving patients enjoyed normal social interactions. In a
series by Hoffman and associates,5 26 of 27 children who
underwent aggressive resection had IQ scores at or above
average levels. Although 16 children had memory deficits,
14 of them attended regular schools. These authors contend that “memory impairment did not interfere with
school progress if intelligence was adequate.” Yaşargil and
colleagues44 reported good outcomes in 72.5% of children
after initial surgery, and Fahlbusch and associates63 reported
functional independence in 78% of adult and pediatric patients after radical resection.
In our series of 86 children who underwent radical
resection of a craniopharyngioma, gross total resection
was accomplished in all 57 patients with primary tumors
(100%) and in 18 of 29 (62%) with recurrent tumors with acceptably low morbidity (Table 9.1). In contrast to the findings of other centers of increased morbidity, mortality, and
worse functional outcomes at reoperation,23,29,30,44,63,81–85
we found no such differences in our series. Good to excellent functional outcomes were achieved in 80% of children,
and more than 60% of college-aged patients either attended
or graduated from college—a clear indication of the high
functionality of the majority of these children. New hypothalamic morbidity occurred in 25% of children and was
mild or moderate in all but one case. Fewer than 20% of
our patients developed obesity, and only two patients de-

9

Table 9.1 Morbidity and Mortality in 86 Children after
Radical Resection of Craniopharyngiomas
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No. of Patients (%)
Primary
Perioperative mortality

Recurrent

2 (3.5%)

1 (3.4%)

Stroke

2 (4%)

2 (9%)

Mild hemiparesis

1 (2%)

0 (0%)

Transient cranial nerve palsy

8 (16%)

1 (4%)

Permanent cranial nerve palsy

1 (2%)

1 (4%)

Lethargy/abulia

2 (4%)

1 (4%)

Preoperative deficit

14 (27%)

15 (60%)

Improved

10 (19%)

3 (12%)

Stable

35 (67%)

17 (68%)

Worse

7 (13%)

5 (20%)

Preoperative deficit

23 (43%)

22 (85%)

Improved

13 (25.5%)

Stable

25 (49%)

Worse

13 (25.5%)

7 (27%)

6 (12%)

19 (73%)

Neurologic morbidity*

Visual acuity
b

Visual fields
7 (27%)
12 (46%)

Diabetes insipidus
Preoperative
Postoperative, new

33 (73%)

6 (67%)

Postoperative, total

39 (78%)

25 (89%)

Anterior pituitary dysfunction:
mean number of hormones
required ± SD

2.5 ± 1.1

2.1 ± 0.9

c

Abbreviations: SD, standard deviation.
*There were no significant differences between operative mortality and
neurologic, visual, or endocrinologic morbidity between patients with
primary and recurrent tumors (p > 0.05).

veloped severe or morbid obesity. These results contrast
greatly with those from a German multicenter study that
reported severe obesity in 44% of 185 children treated for
craniopharyngiomas using various treatment modalities.56
Although some centers contend that an increasing tumor
size limits the extent of resection and local disease control,38,40,63,86–92 we agree with other authors that size has no
impact on the ability to achieve gross-total resection, at
least for the initial tumors.39,60,64,93 Nevertheless, given the
large size and multicompartmental nature of giant craniopharyngiomas, a flexible and at times staged approach may
be required for successful and safe extirpation of these
tumors (Fig. 9.6).
Although our data did corroborate prior studies reporting worse overall survival for children with recurrent
tumors,34,38,44,63,81,94 subgroup analysis revealed excellent
survival for children with nonirradiated recurrent tumors

Fig. 9.6a–c (a,b) A 12-year-old boy presented with headache
and was found on CT to have a giant, mixed cystic and solid
tumor with extensive calcification in the suprasellar region and
cystic extension into the left middle fossa. (c) After gross total
removal of this adamantinomatous craniopharyngioma, he experienced a stroke that left him with a mild right hemiparesis,
which improved over time. He did not develop diabetes insipidus
but was left with a new right superior quadrantanopsia, likely
from retraction of the left side of the optic chiasm during tumor
removal. He experienced a 2-cm recurrence that was also removed 5 months after his initial surgery. He received passing
grades at appropriate levels in school, required no adjuvant
therapy, and has been free of disease for 23 years since his last
surgery.
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and those of smaller size at reoperation. Thus, prior failed
radiation therapy and a large size at recurrence significantly limited our ability to achieve complete resection, the
only remaining option for potential cure for these patients,
and resulted in worse overall survival. In contrast, prior
radical resection per se did not diminish the chance of
achieving complete resection at reoperation, leading to
improved disease control and survival. Fourteen children
experienced a total of 15 recurrences after gross total resection at our hospital. All underwent reoperation at the
time of recurrence, except one child who had radiosurgery
because of fusiform dilation of the internal carotid artery.
Gross total resection was achieved in 79% with no surgical
morbidity or mortality. One patient had slight deterioration in vision but none of the children experienced hypothalamic or memory dysfunction. Overall survival for this
cohort was 92% at a mean follow-up of 8 years, markedly
higher than the rate of survival in patients with recurrent
tumors reported in the literature.
Recurrence is one of the most common complications of
craniopharyngiomas and usually occurs within the first
3 to 4 years after treatment.5,21,24,26,30,39,41–44,63,64,76,80,85,95
In modern series, it occurs in roughly 20% of patients
after imaging-confirmed complete resection and in
20 to 30% of patients after radiation therapy.5,13,21,23,24,26,29,30,32,39,44,63,64,74,80,83,84,95 These facts must be
considered when assessing the efficacy and safety of any
treatment algorithm. Thus, in addition to the commonly
reported morbidity, one must consider the potentially
deleterious effects of early irradiation on the safety and efficacy of subsequent treatments, which prove necessary in
up to one third of children. In experienced hands, radical
resection alone may afford a greater chance of up-front
disease control and potential cure compared with planned
limited resection plus radiation, and provide more effective and safer treatment options should recurrence arise.

the time of surgery. Gross total resection was achieved in
all but one child—a child who had undergone numerous
prior resections, radiation therapy, and cyst aspirations
before referral to the senior author for salvage therapy. The
other 18 patients (95%) were alive at a mean follow-up of
9.4 years. Six patients experienced a total of seven recurrences. Six of these were successfully cured with a repeated
resection, and the seventh child had radiosurgery because
of fusiform dilation of the internal carotid artery. Four
patients had transient cranial nerve palsies, but no permanent neurologic deficits occurred. New diabetes insipidus
occurred in 50% of these children, and only one child (6%)
experienced visual deterioration. The mean body mass index
after resection was +1.4 standard deviations and within
normal limits. New hypothalamic morbidity occurred in
two children (short-term memory impairment and obesity, respectively), and two patients had worsening of their
severe hypothalamic disturbance that was present pre
operatively. Only one of 15 children (6.7%) with a normal
body mass index before surgery experienced obesity, and
a single patient experienced cognitive deterioration after
radical resection. We found no differences in the rate of
recurrence, recurrence-free, or overall survival between
children ages 5 and younger and those who were older at
the time of surgery. None of the children required conventional fractionated radiotherapy.
Given the increased risks of radiation therapy in young
children, we agree with other centers35,83,85,98 and strongly
advocate radical resection as the optimal treatment in very
young children with craniopharyngiomas. As our results
demonstrate, in experienced hands, excellent oncological
and functional outcomes can be obtained in this population with minimal morbidity, sparing this vulnerable population the inherent risks of cranial irradiation.

Craniopharyngiomas in Very
Young Children

Preliminary data have suggested that the surgeon’s experience has an impact on the extent of resection and functional outcomes.9,35 However, other large studies have yet
to support this finding. We performed a detailed review of
our data that supports the notion of increasing surgeon
experience correlating with improved outcomes. From
1986 to 2011, our surgeons have performed a total of 116
resective operations for craniopharyngiomas in 99 children. Complete resection was the goal in all cases. The
functional status of the children was scored using a fourtiered Craniopharyngioma Clinical Status Scale (CCSS) before surgery and at final follow-up. The CCSS assesses five
major domains: neurologic, visual, hypothalamic, pituitary, and educational-occupational functioning.99 The
scoring of deficits is as follows: 1, normal; 2, mild; 3, moderate; and 4, severe. Perioperative death was scored as 5
across all domains for purposes of statistical analysis. All
116 surgeries were treated as discrete events and divided
into quintiles of 23 cases for analysis; the final group comprised 24 cases.

The aforementioned risks of radiation therapy are even
more common and potentially detrimental in very young
children (ages 5 and under).31,50 Multiple centers have reported worse functional outcomes, higher rates of tumor
recurrence, and decreased overall survival in younger
children.26,31,33,39,40,76,83,96–98 Importantly, one of the main
treatment modalities after subtotal resection or recurrence—radiation therapy—is usually withheld in very young
patients given the age-dependent cognitive morbidity, risk
of secondary malignancy, visual deterioration, hypothalamic-pituitary axis dysfunction, and cerebrovasculopathy,
namely, moyamoya disease.31,45–53 In accordance with other
centers, we strongly advocate radical resection as the optimal treatment in very young children with craniopharyngiomas.35,83,85,98
A retrospective review of our entire series of 86 children identified 19 children who were age 5 or younger at

Impact of the Surgeon’s Experience

9
Gross total resection was achieved in 96 surgeries
(82.8%). A significantly larger proportion of complete resection was obtained in primary tumors (65 of 65 [100%])
compared with recurrent craniopharyngiomas (31 of 51
[60.8%]; p < 0.0001). There was no difference in the proportion of gross total resection among the quintile groups, indicating that the surgeon’s experience had no observable
impact on the extent of resection. Multivariate ordinal regression analysis showed that the preoperative CCSS score
was the most significant predictor of the CCSS score for
each domain at the time of final follow-up. The surgeon’s
increased surgical experience was a significant predictor of
better postoperative CCSS scores for neurologic (p = 0.04)
and cognitive (educational-occupational; p = 0.03) outcomes
and was marginally associated with improved hypothalamic outcomes (p = 0.08). There was no observable impact
of experience on visual or pituitary outcomes.
We believe these data support the practice of early referral to centers of experience with craniopharyngiomas.
We are confident outcomes can be improved if patients are
treated by tertiary referral centers and argue that this benefit is likely realized regardless of the treatment paradigm
(subtotal resection with radiation versus radical resection).

Case Example
A 14-year-old girl presents with diabetes insipidus and a
visual field deficit. In our series, postoperative diabetes
insipidus was common with aggressive resection, and the
resolution of preoperative diabetes insipidus was rare. The
patient’s visual status tended to improve or remain stable
with radical resection. Transient contralateral hemianopia
from manipulation of the optic tract was not uncommon
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but resolved or significantly improved with time. In this
clinical scenario, we recommend aggressive surgical extirpation with an attempt to cure this adolescent girl and spare
her the potential adverse effects of cranial irradiation.

Conclusion
We continue to believe that children with craniopharyngiomas should be treated with curative intent at presentation,
whether through radical surgery or limited surgery plus
irradiation. In accordance with other authors,23,39,41,82,85,100
however, we believe that, in experienced hands, the radical
resection of a craniopharyngioma at both presentation and
recurrence offers the best chance of durable disease control
and potential cure in pediatric patients. Given that most
recurrences happen in the first few years after resection
and the morbidity of reoperation is lower in smaller tumors,100 frequent surveillance imaging in the early postoperative period is necessary to identify and treat recurrence
early. Late recurrences, however, do occur and require
continued long-term follow-up and imaging.
Nevertheless, the conclusions drawn from our experience may not be generalizable to all practices and patients.
The success and safety of radical resection depend on the
surgeon’s expertise,9,35 postoperative endocrinologic support, and the familial and societal resources available for the
patient to cope with postoperative care and endocrine and
hypothalamic deficits.101 Educational assistance or tutoring
may be required to maintain the child’s schooling at the appropriate grade level. If the family structure and socioeconomic conditions of an individual patient do not provide
appropriate support, the potential morbidity of radical resection may overshadow the merits of curative resection.102

Moderators
Total Removal vs. Subtotal Removal with Radiation
for Craniopharyngiomas
Edward R. Smith and R. Michael Scott
The above sections describe alternative approaches to the
management of craniopharyngiomas, with Wisoff and
Elliott advocating total resection and Boop and Wait promoting subtotal removal coupled with the application
of radiotherapy. The authors are all experienced, wellpublished leaders in the field of pediatric neurosurgery and
make their cases persuasively by drawing on both personal
experience and evidence from the literature.
The relative rarity of this tumor, coupled with the remarkably varied range of presentations, treatment strategies, and general paucity of published long-term outcomes,

makes it impossible to render a definitive statement on the
single best possible treatment. Underscoring these issues
are the difficulties unique to treating a pediatric population. Attempts to measure outcomes are challenging enough
when the goal is a return to baseline before the onset of
illness. The ability to compare outcomes between different
treatments is substantially more complicated when the
baseline is dynamically changing in the setting of a de
veloping child—in essence, moving the finish line while
running the race. The inability of younger children to adequately articulate the effects of illness or the changes re-

144  

Controversies in Neurosurgery II

sulting from interventions adds a remarkable amount of
complexity to the already difficult task of assessing the
burden of disease or the efficacy of treatment. Paradoxically, the remarkable plasticity of the childhood nervous
system may obscure the treatment effects. It may be unclear if a recovery is primarily the result of a specific intervention (or lack thereof) or predominantly due to the
inherent regenerative capacity of a child’s brain. Long-term
follow-up to adequately assess the delayed effects on development, late-term recurrence, and unforeseen complications is of paramount importance in pediatric patients
with a craniopharyngioma.
However, it is striking to note the number of similar, and
even identical, principles of care supported by the seemingly opposing viewpoints. Both teams of authors cite the
need to evaluate patients in centers experienced in the care
of pediatric craniopharyngioma patients, with the input of
multidisciplinary teams when formulating treatment plans.
The authors make very clear the importance of curative intent at the time of initial diagnosis and treatment, given the
reduced likelihood of success with each recurrence. Lastly,
they acknowledge the intrinsic difficulty of treating this
particular tumor, with the near-unique need for long-term
follow-up to appropriately categorize treatment successes
and failures.
As moderators, our objective is not to name a winner
or a loser, as in a sporting match, but rather to emphasize
the common practices in the two approaches, highlight
relevant evidence-based points that can be cited in direct
decision making, and offer an example of a practice that
incorporates some elements of both approaches.

Common Practices
All pediatric patients with a craniopharyngioma should
undergo an initial evaluation that incorporates imaging,
endocrinologic studies, and visual field testing. Although
some centers include psychosocial testing, which is likely
helpful, such testing is variable in its methodology and not

Fig. 9.7

universally employed. In the United States, the use of MRI
is the mainstay of anatomic evaluation. Multiplanar reconstructions and thin cuts through the region of the sella and
infundibulum may help to reveal subcentimeter masses.
MRI is particularly useful to identify tumors and delineate
the relationship of the tumor to surrounding neurovascular structures, including the carotid arteries and their
branches, the optic apparatus, the pituitary gland and
stalk, and the hypothalamus and ventricular system. The
tumor may appear heterogeneous, with bright cystic components on T1- and T2-weighted images, with solid portions of the tumor exhibiting variable enhancement after
the administration of contrast. Obtaining MRI scans in
axial, sagittal, and coronal planes with and without contrast is critical to preoperative planning and postoperative
follow-up. Increasingly, magnetic resonance angiography is
helpful in delineating the vascular anatomy for these same
reasons.
Computed tomography is important in the diagnosis
and surgical planning for craniopharyngiomas. A distinguishing feature of these tumors is the presence of calcium,
which may be difficult to detect on MRI (Fig. 9.7). Regions
of calcification are present in the majority of these tumors
in pediatric patients (up to 90%) and more than half of
lesions in adults.65,103,104 The preoperative radiographic
visualization of solid calcium deposits (when present) is
invaluable to the surgeon in determining the feasibility of
specific operative approaches. Moreover, CT is helpful in
ascertaining the degree of pneumatization of the sphenoid,
ethmoid, and frontal sinuses, information relevant to the
transsphenoidal approaches to sellar tumors (sphenoid),
drilling down the planum sphenoidale for frontal approaches
(sphenoid/ethmoids), and bifrontal approaches for suprasellar tumors (frontal).
Patients should also undergo preoperative endocrinologic assessment.83,105,106 It is common to consult the endocrinology service before planning surgery and to obtain
a panel of laboratory studies to evaluate pituitary function (Table 9.2). Deficient hormones should be replaced

Coronal reconstruction of noncontrast CT scan showing calcification along the lateral wall of a craniopharyngioma (arrow).
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Table 9.2 Laboratory Tests for Endocrinology Evaluation
Prolactin
Thyroxine (T4 ), thyroid hormone binding ratio (THBR),
thyroid-stimulating hormone (TSH), free T4
Insulin-like growth factor-1 (IGF-1), insulin-like growth factor
binding protein-3 (IGFBP-3)
Cortisol (if not receiving steroids)
Dehydroepiandrosterone (DHEA) sulfate for patients older
than 6 years (if not receiving steroids)
Follicle-stimulating hormone (FSH), luteinizing hormone
(LH)
Estradiol (if female)
Testosterone (if male)
Electrolytes, blood urea nitrogen (BUN), creatinine, and
serum osmolality
Bone age (if growth delay is possible)

as needed, with particular attention paid to a cortisol deficiency; patients with a craniopharyngioma should be considered to be in need of supplemental stress-dose steroids
perioperatively.
When possible, a formal assessment of visual fields and
an ophthalmologic examination should be done before surgery.105,107 This not only establishes a baseline, but also
may help guide the surgical approach if one optic nerve is
substantially impaired and the other has retained function.
Although often not practical in the setting of an acutely ill
patient, those who present in a more elective fashion may
be candidates for detailed neuropsychological evaluation,
allowing caregivers and families to more effectively follow
changes over the course of treatment and develop more
tailored coping strategies.108,109
Once these data have been collected, the surgeon, associated caregivers, and family can then more effectively interpret the published evidence to drive informed decision
making when formulating a treatment plan.

Evidence Relevant to Selecting the
Treatment Approach
The two author teams in this chapter agree that surgical
intervention of some sort is an established method for
treating craniopharyngiomas in pediatric patients. Before
undertaking an operation, it is critical to define the goals
of surgery. Whether the objective is a complete resection
or a planned subtotal debulking, a common theme is the
need to have these complex patients assessed and treated
at experienced centers that offer multimodality treatments.1,5,8,21,83,105,110–112 If surgery is to be done, the data
support the idea that the initial surgery is most important,
as each relapse and subsequent intervention increases the
risk of cumulative impairment.6,109 Thus, another important
decision for the caregiver is to objectively assess how likely
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it is that the proposed treatment will definitively cure the
craniopharyngioma.1,105,112 Although it is impossible to
predict any outcome with certainty, the accuracy of treatment increases when surgery is done by those with extensive experience and when surgeons honestly assess their
capabilities.1 Data suggest that many smaller craniopharyngiomas that do not involve the hypothalamus are more
likely to be totally excised with lower morbidity, making
this subgroup of tumors one that can likely be treated with
an operative intent of total resection, an approach likely to
be endorsed by the two author teams.9,105,111
Lastly, it is clear that larger tumors (> 5 cm), especially
those that are suprasellar, heavily calcified, associated with
hydrocephalus, or extensively involve the hypothalamus,
provide substantially greater risk of perioperative morbidity (and, in some studies, mortality).1,9,112,113 These
risks, including loss of pituitary function (especially diabetes insipidus), hypothalamic obesity, cognitive loss, and
vascular injury (stroke, arterial injury, etc.), need to be recognized and frankly addressed in the formulation of the
treatment plan. It is this subset of craniopharyngiomas that
most starkly highlights the variation in treatment algorithms among institutions. The same data are presented,
convincingly, in different ways by both teams of authors—
namely, that, within this group, subtotal resection with radiation offers a lower up-front morbidity (especially if done
by less experienced surgeons) with a probable benefit of
lower rates of diabetes insipidus. These benefits are contrasted to the probable, slightly higher, long-term “cure”
rates (with cure placed in quotation marks because of the
variable definition of what constitutes long term) offered
through radical resection, coupled with the uncertainty of
delayed secondary effects from radiation (at least as compared with the decades of experience with surgery). Both
approaches lose efficacy when performed by less experienced physicians, but if the goal is radical resection, the
surgeon’s experience is paramount in minimizing complication rates.9,112

Practice Example
It is the practice at Boston Children’s Hospital to incorporate aspects of both approaches—radical resection and subtotal resection with radiation—in the treatment of pediatric
patients with a craniopharyngioma. It is a high-volume
center, with the former chairman, R. Michael Scott, having
treated nearly 100 such patients since 1988.105 The general
principle is to attempt radical resection, with the caveat of
offering subtotal resection for patients with tumors that
markedly involve the hypothalamus or those with bulk
areas of calcification, especially in the regions of the hypothalamus, enwrapping the major arterial branches, or invading the optic apparatus. If the tumor is predominantly
in the third ventricle, with limited access through an inferior approach, subtotal resection may be planned through a
transcallosal approach, with the goals of opening cerebro-
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a

b
Fig. 9.8a,b Preoperative (a) and postoperative (b) images of
a craniopharyngioma showing the radical resection of the tumor
below the third ventricle. Note the tumor splaying the optic nerve
and carotid artery (arrow in a, viewed through the pterional ap-

spinal fluid pathways (to promote shunt independence)
and debulking to reduce the size of the target for radiation.
If at any point during an operation blind dissection on the
walls of the third ventricle becomes the only means by
which to proceed, it is likely that further resection will be
abandoned.
Collectively, this general approach is geared toward radical resection as a primary treatment for pediatric patients
with a craniopharyngioma, but is distinguished by outlining specific criteria for subtotal resection based on preoperative imaging, and defines critical intraoperative findings
that would prompt aborting further tumor removal. Using
this algorithm, recurrence rates range from 15 to 22% over
10 years, with no intraoperative deaths.105,114 As with other
reports, the most important criterion for reducing the likelihood of recurrence was definitive treatment at the time
of initial diagnosis—whether radical resection or subtotal
removal with radiation—and not leaving untreated bulk residual disease114 (Fig. 9.8).

proach) and subsequent resection with a view into the prepontine
cistern through the arachnoid membrane (b, with instrument in
the cistern).

Conclusion
Craniopharyngiomas remain among the most challenging
of all tumors in the pediatric population. Affected children
should be referred to high-volume centers, given that the
first attempt at treatment offers the best chance for longterm tumor control. Treatment plans should be formulated
after detailed preoperative assessment (including imaging,
endocrine studies, and assessment of visual fields) and in
collaboration with associated nonsurgical care teams. Both
radical resection and subtotal resection with radiation can
provide high rates of disease-free survival, with slightly
higher rates of long-term control after radical resection
(when done by experienced surgeons), but at a potential
cost of an increased risk of endocrinopathy and hypothalamic injury. Surgeons should clearly outline their rationale
for operative intervention, along with criteria for aborting
a procedure, with defined surgical goals to achieve optimal
outcomes.
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Chapter 10

Surgical Approaches to
Retrochiasmatic Craniopharyngiomas

Case
An 18-year-old male presented to his pediatrician with the chief complaints of progressive visual loss,
frequent urination, and marked obesity over the past several months. A magnetic resonance imaging
study was done and the patient was referred to neurosurgeons.

Participants
Endoscopic Surgical Resection of Craniopharyngiomas: Edward R. Laws and Garni Barkhoudarian
The Petrosal Approach to Retrochiasmatic Craniopharyngiomas: Paulo Kadri and Ossama Al-Mefty
The Combined Approach for Craniopharyngiomas (Anterior Interhemispheric Transcallosal and PterionalTranssylvian Routes): Uğur Türe and Ahmet Hilmi Kaya
The Translaminar Approach to Craniopharyngiomas: Edward R. Smith and R. Michael Scott
Moderators: Craniopharyngioma: Choosing the Optimal Neurosurgical Approach: James T. Rutka and
Osaama H. Khan
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Endoscopic Surgical Resection of Craniopharyngiomas
Edward R. Laws and Garni Barkhoudarian
The patient was found to have a large suprasellar tumor and
diabetes insipidus along with the symptoms he reported to
his doctor. Further details of the endocrine evaluation are
not available. Clearly, this tumor compresses the optic nerves
and optic chiasm, and causes hypothalamic dysfunction (see
the figure accompanying the case).
The imaging evaluation shows a lesion with an epi
center in the suprasellar region, almost certainly affecting
the pituitary stalk. The lesion is primarily solid, but has
some cystic components. A computed tomography (CT) scan
would help in assessing the nature and degree of any calcification, but none is available. There is evidence of obstructive hydrocephalus from occlusion of the foramen of Monro.
There is no argument to be made for conservative treatment in this patient, as the tumor, almost certainly a craniopharyngioma, and the symptoms and signs it produces
are progressive. Likewise, it would be our opinion that,
at this point, neither radiation therapy nor chemotherapy
would be effective treatment options. The best opportunity for a good outcome and prolonged control of disease
is with surgical treatment.1
For a neurosurgeon, resecting a craniopharyngioma is
a great challenge, both technically and philosophically.
Significant controversy exists as to whether these lesions
should be removed totally or whether, in some cases, a palliative resection followed by adjunctive therapy (usually
radiation) is the wiser treatment option.2 The only chance
for a true cure lies with complete surgical resection.3–6 Unfortunately, complete resection occasionally produces new
damage to the visual system and the hypothalamus, making the outcome less than ideal.5
We will further discuss this case assuming that the optimal goal is complete surgical removal of the tumor. We
will not further discuss palliative or temporizing measures
such as cerebrospinal fluid (CSF) shunting, cyst aspiration,
the installing of substances such as radioisotopes, or the
use of bleomycin or interferon.
If resective surgery is the major goal, then there are two
primary options: craniotomy or the transsphenoidal approach. Several anatomic and pathological considerations
help the surgeon choose which of these two valid approaches
is preferable. The answers to the following questions provide critical information in making the surgical choice:
1. What is the epicenter of the tumor? In this patient, the
epicenter of the tumor is in the immediate suprasellar
area and is retrochiasmatic. The expansion of the tumor
from this epicenter has produced hydrocephalus, and
has distorted the anatomy of the skull base in the region
of the tuberculum sellae, with complete erosion of the
posterior clinoids.
2. What is the consistency of the tumor? Does it have a
major cystic component? Are there significant areas of

3.

4.

5.

6.

7.

calcification? In this patient, it is evident that we are
dealing with a primarily solid tumor. There is no major
cystic component. We are uncertain about the presence
of calcifications but do not believe that there is a large
solid calcification in the lesion.
What is the skull-base anatomy as related to the approach? Is the sella enlarged or expanded? Is the sphenoid sinus well aerated? What is the relationship of
the tumor to the vessels of the circle of Willis and carotid arteries in the cavernous sinus? In this case, the
sphenoid sinus is well aerated, the sella is enlarged, the
cavernous carotids are somewhat laterally displaced,
particularly on the right, and the posterior clinoids are
absent. The tumor, even though quite large, lies between the supraclinoid carotid arteries.
What is the relationship of the tumor to the optic nerves,
optic chiasm, and optic tracts? In this patient the tumor
is retrochiasmatic, and it has elevated the chiasm and
separated the optic nerves and the optic tracts.
Is there evidence of hydrocephalus and increased intracranial pressure? In this patient there is clear evidence of
obstructive hydrocephalus with ventricular enlargement.
There is also significant mass effect from the tumor, and
one can imply the presence of increased intracranial
pressure from the erosion of the clinoid processes.
Has there been prior therapy? Prior surgery increases
the difficulty and the risk of complications related to a
subsequent surgical procedure. Radiation therapy or
radiosurgery may also produce changes that make subsequent surgery more difficult. It is our understanding
that there has been no prior therapy administered to
this patient, making an initial surgical approach more
advantageous.
What is the nature and extent of endocrine malfunction?
The presence of preoperative diabetes insipidus in this
patient implies that it will be permanent even after successful surgery. The nuances of preoperative endocrine
preparation of the patient for surgery and proper management of endocrine deficiencies afterward portend
an excellent outcome.7,8

An important consideration when surgery has been recommended lies with the nuances of craniotomy techniques
versus the various transsphenoidal approaches.

Craniotomy Approaches
The following craniotomy approaches must be considered9–11:
1. The nondominant subfrontal approach, which is most
commonly used in children and in patients with a postfixed optic chiasm12
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2. The standard pterional approach, splitting the sylvian
fissure, and working through the opticocarotid triangle,
the lamina terminalis, or both2,6,12–14
3. The cranio-orbital approach, in which the superior rim
of the orbit is resected to provide a lower trajectory
of approach. The cranio-orbitozygomatic variant allows
a broader exposure and improved mobilization of the
temporal lobe when that is necessary15
4. The bifrontal interhemispheric approach, which is rarely
used currently, although it enjoyed a brief period of
popularity16
5. The transcallosal approach, which may be useful for
tumors that are primarily intraventricular, and can be
combined with additional approaches13,17
6. The subtemporal approach, which can be used for primarily retrochiasmatic tumors18
7. The transpetrosal approach, which is particularly suited
to tumors that extend into the posterior fossa19,20

a

Transsphenoidal Approaches
We favor a transsphenoidal approach for this patient. The
transsphenoidal approaches are variations and extensions
of the traditional transsphenoidal route to the sella using
the microscope. They can be considered minimally invasive
when compared with craniotomy, but this is not always the
case. The basic approaches are as follows:
1. The sublabial transsphenoidal microscope approach to
the sella, which is primarily suitable for children and
patients with intrasellar craniopharyngiomas1,21
2. The endonasal transsphenoidal microscope approach
to the sella14,21,22
3. Endoscope-assisted variants of the prior two approaches23,24
4. Extended transsphenoidal anterior skull-base approaches,
which can include microscope, endoscope-assisted, and
purely endoscopic techniques25–29
In this patient, it will be difficult to carry out a safe total
resection of this lesion with any given approach. In our experience, thorough resection can be achieved with the endoscopic approach (Fig. 10.1). We therefore advocate the
endoscopic extended transsphenoidal skull-base approach
to this very difficult lesion.

Endoscopic Extended Transsphenoidal Approach
This approach takes advantage of the surgical anatomy of
the patient and the lesion. The sphenoid sinus is well aerated. Resecting the base of the sella, the tuberculum sellae,
and the planum sphenoidale is straightforward and allows
for excellent access along the long axis of the tumor, recognizing that it is retrochiasmatic and intimately associated
with the hypothalamus.
The first surgical step is to expose the dura of the anterior fossa and the dural envelope of the sella. The superior
circular sinus is often a robust structure and can be a bar-

b
Fig. 10.1a,b (a) Preoperative sagittal magnetic resonance
imaging (MRI) with contrast of a patient who underwent en
doscopic transsphenoidal resection of a craniopharyngioma.
(b) Postoperative sagittal postcontrast image showing gross
total resection of the tumor. The fat graft is seen with a hyper
intense signal on the T1-weighted image.

rier to good exposure. Before its division, the circular sinus
must be controlled with electrocautery, hemostatic agents,
or occasionally with clips. It is opened like a book and provides excellent exposure of the arachnoid membrane above
the floor of the frontal fossa and above the diaphragm.
The initial exposure enables dissection and mobilization of the residual pituitary gland in the floor of the sella.
In this case, particularly because the patient has preoperative diabetes insipidus, our initial strategy would be to
dissect across the superior aspect of the pituitary gland
back to the insertion of the stalk, and to section sharply
the pituitary stalk, liberating the inferior aspect of the tumor
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from its attachments to the sella. Subsequent to this, the
remnant of the diaphragm of the sella must be detached
from its attachments to the tuberculum anteriorly and to
the dorsum sellae and posterior clinoids posteriorly. In
tumors that arise within the sella, the diaphragm acts as
a barrier between the superior aspect of the tumor and
the optic chiasm and hypothalamus, and helps in obtaining
complete removal. In this case, although the diaphragm
may be partially intact, the tumor lies primarily above the
diaphragm and is in intimate contact with the arachnoid
beneath and behind the optic chiasm and with the hypothalamus posteriorly and superiorly.
The arachnoid is carefully opened to expose the anterior
face of the tumor, and maintaining the arachnoid plane is
the initial goal. After some debulking of the lesion, the surgeon must separate the tumor from the inferior aspect of
the optic chiasm, preserving the microvasculature intact.
Once this is accomplished, further debulking of the lesion
ultimately enables the inferolateral aspects of the tumor to
be mobilized and its careful mobilization from the vessels of
the circle of Willis, and ultimately from its attachments to
the hypothalamus. These manipulations are accomplished
with the operating endoscope and appropriate instruments,
such as various-sized suctions and micro-instruments,
including cupped forceps and dissectors.30 Angled endoscopes are often useful, as are malleable instruments that
can follow the visual path afforded by the endoscopic view.
Long, fine bipolar instruments are essential for coagulating
capsular vessels, which must be controlled in a methodical
and progressive fashion to prevent bleeding from the dorsal aspect of the tumor.
The most difficult choice for the surgeon relates to the
dissection of tumor from the hypothalamus. Frequently,
a gliotic border can be identified and carefully separated
from the capsule of the tumor. Unfortunately, the tumor
itself often invades the brain in this area, and overly aggressive resection can cause devastating damage to the hypothalamus, producing both memory loss and obesity. For
this reason, it is sometimes necessary to leave tumor
remnants attached to the hypothalamus, which are then
treated with adjunctive radiosurgery or radiotherapy.
Once the tumor is removed to the greatest extent possible, closure becomes a major challenge. Initial attempts
with the extended transsphenoidal approach had rather
high postoperative rates of CSF leaks. Several solutions have
been proposed with various methods to reconstruct the
skull base, and each has a certain advantage. The advent of
nasal septal flap repair of the face of the sella has revolutionized this aspect of the operation, and subsequent CSF
leakage has become a much less significant problem.31,32
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Discussion
Since the introduction of endoscopy to neurosurgery, its
advantages and disadvantages have been extensively debated. In certain situations, endoscopic approaches offer
significant benefits in visualization and access to the lesion
without significant brain retraction. However, disadvantages
such as decreased working space and loss of stereoscopy
favor the traditional microscope approaches. Ultimately,
the surgeon’s training, experience, and skill lead to improved outcomes with both technologies, and subgroups of
craniopharyngioma patients show a difference in clinical
outcomes with each technique.2,7,14 In several studies, patients with completely or predominantly intrasellar craniopharyngiomas showed a higher likelihood of gross total
resection with the endoscopic endonasal approach.33,34
A meta-analysis of the literature shows that patients
who underwent the transsphenoidal approach had better
gross total resection.35 The use of endoscopy improved visual outcomes but with increased pituitary dysfunction,
including diabetes insipidus. Inherent to the transsphenoidal approach is an increased incidence of CSF leaks (9–18%).
Conversely, inherent to the transcranial approach is an increased rate of postoperative seizures (8.5%). A selection
bias plays an important role in these reported outcomes.
Gross total resection, the ultimate goal of craniopharyngioma surgery, has been reported in upward of 80% of
patients. Patients with no previous resection have even
higher rates of resection (90%).29 Compared with subtotal
resection, there is a significant decrease in early and delayed
recurrence rates. Duff and associates5 found a 58.7% recurrence rate with subtotal resection compared to 19% with
gross total resection at 10 years. Postoperative radiation decreases these rates to 9.6% and less than 1%, respectively.
Overall visual function is more likely to improve with
the transsphenoidal approach. In their series, Yamada and
colleagues29 have observed some visual improvement in
90% of their patients, with a low incidence of new visual
deterioration (3.4%). Other studies have similar findings.7,33
These differential outcomes are due, in part, to the
characteristics of the tumor, which dictate the surgical
approach. Intuitively, lesions that are primarily intraventricular or lateral to the midline are not amenable to the
transsphenoidal approach. Consequently, the decision algorithm mentioned here can appropriately direct the surgical approach. Safe, gross total resection is therefore
achievable with good long-term outcomes for this subset of
patients. Experience, skill, and surgical judgment are always necessary to deal with this difficult neurosurgical
challenge.
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The Petrosal Approach to Retrochiasmatic Craniopharyngiomas
Paulo Kadri and Ossama Al-Mefty
This chapter’s case is an 18-year-old who presented with
visual loss, diabetes insipidus, and obesity secondary to an
extra-axial, solid, cystic tumor occupying the suprasellar
cistern. The tumor extends into and distorts the floor and
fills the cavity of the third ventricle, and the interpeduncular and prepontine cisterns, and also blocks the drainage
of CSF, creating secondary hydrocephalus. Compression
and distortion of the optic chiasm, the pituitary stalk, and
the hypothalamic nuclei in the anterior portion of the third
ventricle explain the patient’s clinical features. With information from the clinical examination and magnetic resonance imaging (MRI), the preoperative diagnosis is most
likely a craniopharyngioma.
Craniopharyngiomas are epithelial neoplasms that arise
from embryological remnants of squamous epithelium of
the craniopharyngeal duct. Mainly tumors of childhood,
craniopharyngiomas are benign lesions and the most common nonglial tumor in children. The optimal treatment is
total removal with preservation of neural and endocrinologic function.
The tumor’s precise site of origin in relation to the diaphragma sellae determines its relationship to the surrounding sellar structures and impinges on the favored route of
tumor extension. The site of origin and the extension of a
craniopharyngioma affect the clinical presentation, choice
of surgical approach, and outcome of the patients. With respect to the optic chiasm, a tumor with a subdiaphragmatic
origin is more likely to have an infra- or prechiasmatic extension, whereas tumors with a supradiaphragmatic site of
origin are more likely to have a retrochiasmatic extension.
Recognizing a retrochiasmatic extension of the tumor is
of paramount importance because of the difficult exposure
of these tumors and their association with high surgical
morbidity, a failure of total removal, increased surgical complications (primarily hypothalamic dysfunction), and higher
recurrence rates. The various views provided by highquality MRI precisely pinpoint the anatomic relation of the
tumor and its usual extension downward toward the posterior fossa and upward into the third ventricle, displacing
the midbrain posteriorly and the optic chiasm anteriorly.
Visualizing the anterior cerebral–anterior communicating
artery complex on magnetic resonance (MR) angiography
or digital subtraction angiograms is of supreme relevance
to distinguish between pre- and retrochiasmatic lesions. In
patients with retrochiasmatic lesions, like the patient described in this chapter, the anterior cerebral arterial complex is not displaced upward as it is usually in patients with
prechiasmatic lesions. CT adds information about the type
and extension of calcification.
Hidden behind the optic chiasm and extending into the
third ventricle and interpeduncular or even prepontine
cisterns, the retrochiasmatic craniopharyngioma is a chal-

lenge to approach and expose through conventional routes,
which are usually unsatisfactory. Several conventional
routes approach these tumors from an anterior direction,
risking injury to the anterior perforating arteries, the main
blood supply to the hypothalamus and chiasm, magnifying
the damage to these vital structures. But a wide exposure
under direct view is achieved through the petrosal approach. Because it requires mobilizing the sinus medially,
the petrosal approach provides an upward avenue to the
tumor, which then presents itself, facilitating dissection
from below and behind and preserving the hypothalamus
and optic pathways.
The petrosal approach is indicated for patients with a
large retrochiasmatic craniopharyngioma, such as in the
patient presented for discussion, and even in younger pediatric patients, who do not have fully developed mastoid air
cells to perform a mastoidectomy. In this section, we discuss the operative nuances of this approach.

Surgical Technique
Patient Positioning
For the petrosal approach, the patient is placed in the supine position on the operating table, with the trunk and
head elevated approximately 20 degrees. The ipsilateral
shoulder is slightly elevated with a roll. The head is turned
and tilted to the contralateral side, inclined toward the
floor, and then fixed in the three-point headrest. Compression of the contralateral jugular vein is prevented during
head positioning.

Intraoperative Monitoring
Electromyographic activities of the third, sixth, and seventh
cranial nerves are routinely recorded. Brainstem auditory
evoked potentials and median nerve somatosensory-evoked
potentials are recorded continuously. Other cranial nerves
are monitored as required.

Skin Flap
The skin incision begins at the zygoma in front of the tragus, turning 2 to 3 cm above the ear, and then circling to
descend approximately 4 cm medial to the mastoid process. The superficial temporal artery is preserved over the
superficial temporal muscle fascia to preserve the blood
supply of the temporal muscle. The skin incision is then
raised sharply to the level of the external auditory meatus.
The temporal fascia is incised and separated from the
muscle along the anterior, superior, and inferior borders
of the skin incision, and elevated posteriorly in continuity
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with the sternocleidomastoid muscle to produce a wellvascularized muscle–fascial flap for reconstruction. The
posterior portion of the temporal muscle is detached
sharply from the bone in an inferior-to-superior maneuver,
preserving its deep fascia and thereby the remaining blood
supply and its main innervations. The bony surfaces of the
temporal fossa, mastoid, and lateral posterior fossa are thus
exposed.

Craniotomy
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Dural Opening
The temporal dura is opened along the floor of the middle
fossa and the incision extends posteriorly, parallel to the
transverse sinus. A vertical incision is made in the presigmoid posterior fossa dura and extended toward the supratentorial incision. The exposed temporal lobe is inspected
to define the point where the superior petrosal sinus will
be coagulated and divided, preserving the insertions of the
vein of Labbé complex and the posterior temporal veins.

The bone flap combines a supra-infratentorial craniotomy
through four bur holes crossing the transverse-sigmoid
sinus junction and the transverse sinus. The asterion, located at the junction of the lambdoidal, occipitomastoidal,
and parietomastoidal sutures, is the key landmark, which
guides placement of the first bur hole located medial and
inferior to it, opening into the posterior fossa below the
transverse-sigmoid sinus junction. A second hole, located
at the squamomastoid junction of the temporal bone along
the projection of the superior temporal line, opens into
the supratentorial compartment, exposing the dura mater
covering the posterior portion of the temporal lobe. These
two bur holes flank the junction of the sigmoid and transverse sinuses. The other two holes are placed medial to the
first two, on each side of the transverse sinus projection
delineated by a line that follows along the zygomatic arch
posteriorly.
The temporal and occipital bones are incised between
the bur holes, supra- and infratentorially, with the foot attachment of the high-speed drill. For a retrochiasmatic
craniopharyngioma, the occipital part of the craniotomy
is somewhat smaller than the flap used for petroclival lesions. The tight adhesion of the sinus, which usually forms
a high-domed bony impression on the inner surface of the
skull, precludes the use of the foot attachment to connect
the holes crossing it. Instead, a small drill is used to carefully expose the sinus between each of the flanking bur
holes. The single bone flap is then dissected and carefully
elevated from the sinus and dura mater.

Sectioning the Tentorium and Opening
the Arachnoid

Mastoidectomy

Dissecting the Tumor

For the mastoidectomy, a small bone flap comprising the
cortices of the mastoid is elevated in one piece. This flap is
used at the end of the procedure to reconstruct the mastoid
area. A complete mastoidectomy is done with the highspeed drill. The superficial and retrofacial air cells of the
mastoid are drilled out, identifying the solid angles of the
semicircular and facial canals, which are kept intact to
preserve hearing. The sigmoid sinus is skeletonized down
to the jugular bulb, exposing the dura on both sides of the
sinus. The dura anterior to the sigmoid sinus is exposed
only enough to open and close the dura. The sinodural angle
is exposed to skeletonize the superior petrosal sinus, and
the drilling is performed along the pyramid to thin the
petrous bone toward its apex.

After the capsule is debulked, it can be freed from the surrounding structures, including the third and fourth nerves
and the basilar artery and its perforators. The capsule in
the interpeduncular fossa is separated from the anterior
aspect of the brainstem, and the dissection progresses anteriorly toward the dorsum sella while the tumor descends
free from the third ventricle, giving way to a gliotic plane of
dissection between the tumor capsule and the hypothalamic floor. The tumor is dissected off the inferior surface
of the hypothalamus, and a change in the appearance of the
tissue is seen between the tumor and hypothalamus. The
hypothalamus, with its feeding perforators, remains intact.
As dissection progresses anteriorly, the tumor is dissected
from the carotid artery and the posterior communicating

The tentorium is sectioned parallel to the drilled pyramid,
all the way through to the incisura. Before the free edge of
the tentorium is severed, the fourth cranial nerve is iden
tified, preventing its injury, and the final cut is completed
posterior to its entry point in the tentorial edge. This maneuver renders the sigmoid sinus free for posterior mobilization while the posterior leaf, together with the temporal
lobe, is supported with a brain spatula. The arachnoid
membrane of the crural, ambient, and cerebellomedullary
cisterns are opened to release CSF and relax the brain. The
third and fourth cranial nerves, the posterior cerebral artery, and the superior cerebellar artery at the incisura are
identified. At this juncture, the tumor is widely exposed
under the chiasm and the hypothalamus, as well as at the
retrosellar area, in front of the midbrain and atop the basilar artery.

Exposing and Debulking the Tumor
The tumor is identified anterior to the midbrain in the retrosellar area. The cystic portion is aspirated, and cottonoids
are placed around the area to prevent spillage of the contents. A specimen is taken for immediate histological confirmation, the tumor capsule is entered, and the tumor is
debulked internally. Solid calcifications might require the
use of ultrasonic aspiration.
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artery. The pituitary stalk is identified, preserved, and followed into the sella, where the intrasellar portion of the
tumor is dissected, preserving the gland itself. The gland
is usually compressed but identifiable by its color and
texture.
The tumor that lies beneath the optic nerves is dissected
with care to avoid injuring the nerves. As the capsule of
the tumor extending to the contralateral side is dissected,
the contralateral third cranial nerve and posterior cerebral
artery are identified. If the tumor extends into the third
ventricle, it will descend as removal continues. This part of
the tumor is removed in piecemeal fashion. The third ventricle is entered superior to the pituitary stalk and anterior
to the mamillary bodies. When the tumor extends into the
posterior fossa, it is dissected off the clivus; the dorsum
sella; the fifth, seventh, and eighth cranial nerves; the lower
cranial nerves; and the jugular foramen.

Closure
The temporal dura mater is resutured. The presigmoid dura
usually shrinks, and a pericranial graft is used, if necessary,
to achieve a watertight closure. The drilled mastoid cavity
is filled with fat taken from the patient’s abdomen. The
temporal muscle is rotated over the defect and sutured to
the sternocleidomastoid muscle, and the temporal fascia
is sutured back to the temporal muscle. The soft tissue and
skin are then closed in layers.

Managing Complications
Cerebrospinal Fluid Leak
After the petrosal approach, a CSF leak can occur from the
skin or, more often, in the form of rhinorrhea through the
mastoid air cells. Meticulous closure is critical in preventing such a leak. If fluid does leak, a CT scan is obtained to
rule out hydrocephalus; if hydrocephalus is present, a
shunt is placed. In the absence of hydrocephalus, a spinal
drain is used for 72 hours and the CSF is tested for any evidence of chemical meningitis. If the leak continues, the
wound is reexplored. If bacterial meningitis occurs as a result of a CSF leak, it is treated with antibiotics and spinal
drainage.

Diabetes Insipidus
The patient’s hourly fluid intake and output and specific
gravity are monitored during and after surgery. Serum
electrolytes and osmolarity are measured every 6 hours
during the first postoperative day. In the first 24 hours,
fluids are given to equalize intake with output on an hourly
basis. If diabetes insipidus is diagnosed, treatment with
1-deamino-8-D-arginine vasopressin (DDAVP) is initiated,
and sodium and electrolytes are closely monitored. If the
patient’s sodium concentration is low, DDAVP treatment is
withheld until fluid overload is ruled out as the cause of

polyuria. This is done through close and frequent monitoring of the patient’s sodium level and urine output. If diabetes insipidus persists, DDAVP is given in scheduled doses.

Discussion
Retrochiasmatic craniopharyngiomas, especially the giant
ones, are a formidable challenge for treatment. Increased
surgical mortality, morbidity with poor neurologic and endocrinologic outcomes, a failure of total resection, and high
recurrence rates are thoroughly reported in the literature,
portending a rather malignant behavior despite their benign histological appearance. The literature describes treatments including partial removal with close surveillance,
simple cyst aspiration, intracystic placement of a drainage
catheter followed by different types of radiation therapy
and chemotherapy, and even conservative treatments. The
side effects of radiation and future complications of radiation therapy, regardless of the form used (conformational,
radiosurgery, or brachytherapy), are clearly underestimated.
Visual, cognitive, neurologic, and endocrine side effects,
along with potentially radiation-induced tumors, are serious, life-threatening complications and occur frequently.
The intracystic use of bleomycin and interferon has yet to
be proved as a consistent form of treatment.
Craniopharyngiomas are benign lesions; their total surgical removal with preservation of the neuroendocrinologic structures ensures cure with a good quality of life for
patients. Several approaches have been proposed to remove retrochiasmatic craniopharyngiomas. Most of them,
including the pterional, frontopterional, cranio-orbitozygomatic, subfrontopterional, bifrontal interhemispheric,
zygomatic, and the basal interhemispheric supra- or infrachiasmatic approaches, use a translamina terminalis route.
Transsphenoidal and endoscopic procedures also have
been proposed. The pterional approach provides a narrow
surgical corridor, with the perforating arteries obstructing
the lateral view through the optic carotid triangle. The mobilization of perforating arteries and the anterior cerebral
arteries, manipulation close to the chiasm, and the inaccessibility of the upward extension into the third ventricle
magnify the risk and failure of total resection through the
horizontally projected approaches through the lamina terminalis. Apart from that, any draining vein from the frontal
lobe to the sinus, which might be cut if the interhemispheric corridor is used to gain access to the lamina terminalis, may lead to subcortical hemorrhaging or a reduction
in blood flow. The lateral-horizontal projected zygomatic
approach is obstructed by the posterior cerebral arteries
and optic tract, and gives only limited access to the upward extension of the tumor. The transsphenoidal approach, particularly for large lesions, is likely to provide
even less of a chance of total removal, even with the addition of endoscopic techniques. These limitations lead to
subtotal removal, resulting in higher recurrence rates. A
second surgery for recurrent tumors is associated with high
rates of complications.
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Despite our emphasis on and commitment to total removal, this is not always possible. The risks posed to critical structures might derail this intention, but a direct
view, unobstructed by any vital structure, blood vessels,
or perforating vessels, can be achieved with the petrosal
approach. This approach allows direct visualization with
preservation of the hypothalamus, the walls of the third
ventricle, and the inferior surface of the optic chiasm. Even
in pediatric patients, who have typically small and poorly
aerated mastoid cells that could hinder application, the
advantages of the petrosal approach remain.
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Conclusion
The surgical avenue (posterior-anteriorly and inferior-superiorly) provided by the petrosal approach is superb for
exposure, particularly of the upper pole of retrochiasmatic
craniopharyngiomas. It provides a direct and unobstructed
view of the tumor and minimizes manipulation of the chiasm, optic nerve, major vessels, and perforators. Vascularization and the function of the hypothalamus are thus
preserved.

The Combined Approach for Craniopharyngiomas (Anterior
Interhemispheric Transcallosal and Pterional-Transsylvian Routes)
Uğur Türe and Ahmet Hilmi Kaya
This chapter’s case is an 18-year-old who presented with
visual loss, diabetes insipidus, obesity, an inhomogeneously
enhancing parasellar mass involving the sella and third
ventricle, hydrocephalus, and some cystic areas seen on
radiological examinations. This combination of facts coheres to suggest to the neurosurgeon that the diagnosis is
most probably a craniopharyngioma.

Pathology
Craniopharyngiomas are benign tumors histopathologically, and they originate from squamous rests located along
the pituitary stalk. Their “malignancy” comes from their
location and the difficulty of their radical resection. Visual
pathways, the hypothalamus, the pituitary stalk and gland,
major arterial structures with their perforators (internal
carotid, anterior cerebral, and basilar arteries), and the
surface of the third ventricle may all have an intimate relationship with the tumor, as in the case described here. The
disease has a bimodal distribution by age, with peak in
cidence rates in children (5–14 years) and among older
adults (45–60 years). The clinical findings of the disease
relate to mass effects on these different structures: compression of the pituitary gland or stalk may cause en
docrinologic problems, hypothalamic compression may
cause diencephalic syndrome, optic pathway compression causes visual loss, and ventricular compression may
cause hydrocephalus.9,11,12,36–48
In this patient, we would aim for total resection in the
same sitting with a combined approach, that is, the com
bination of the pterional-transsylvian parachiasmatic and
anterior interhemispheric transcallosal-transforaminal approaches, which has been described by Yaşargil.11,46,47 In this
section of the chapter, we discuss our treatment strategy.

The Rationale for Surgery
The appropriate treatment for patients with a craniopharyngioma is controversial. Some authors have determined
that either gross total resection or subtotal resection combined with radiotherapy offers the same progression-free
survival at follow-up periods of 5 to 10 years.49–53 This conclusion implies that radiotherapy substitutes for the effort
of total resection, thereby limiting serious complications
such as hypothalamic injury. These conclusions are based
on several choices of fractionated or stereotactic radiotherapy. These fractionated and precisely localized radiotherapies are also said to decrease side effects, such as
panhypopituitarism, cognitive difficulties, and optic pathway injury.54–59
On the other hand, large surgical series present the results of microneurosurgical resection of this benign lesion
and show definitive cure.2,9,11,12,36,46,60,61 Several recent series especially emphasize that radical resection offers the
best chance to control disease with potential cure and acceptable morbidity, and that the disease can be altered
from lethal to survivable in children, who might then have
a functional adult life.44,48,62,63 In our opinion, understanding the difference in meaning between “chance of cure”
and “progression-free survival” is crucial to wading through
this controversy. A chance of cure in such patients denotes
no tumoral tissue seen radiologically during the 5- to 10year follow-up period, and this chance still predominates
convincingly even though late recurrence is seen. But progression-free survival denotes irradiated residual tumor
tissue with the same appearance on serial radiological
examinations during the 5- to 10-year follow-up period.
However, the expectation of cure in such a situation is definitely an overestimation.
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Because craniopharyngiomas have a bimodal distribution by age, and a follow-up period of 10 years is very limited for children, an even longer progression-free survival
is still not enough to compare these treatment strategies.
we believe that totally removing the tumor always harbors
a chance of cure, and we prefer this to irradiated residual
tumoral tissue.
Today, with a better understanding of microneurosurgical anatomy and techniques that employ modern radiological tools, the surgery of craniopharyngiomas can be
successful, with no damage to critical structures, including
the perforating branches of the carotid, basilar, and anterior cerebral arteries; the optic nerve, chiasm, and tract;
and the hypothalamus with its ventricular surfaces. Nonetheless, the hypophyseal stalk may need to be resected to
achieve complete removal because the tumor may arise
diffusely from the stalk and dissection may not be possible.
Thus, panhypopituitarism may be inevitable, but good replacement therapy with good endocrinologic follow-up can
be satisfactory.

The Rationale for Choosing the Approach
For the successful removal of a craniopharyngioma, the
surgeon must carry out fine microsurgical excision of the
tumor under direct microscopic visualization while respecting neighboring tissue. Such effort is crucial to prevent
complications and achieve total resection. The location of
the craniopharyngioma may vary according to the origin
of the tumor.11,38,42,45,46 A more inferior origin from the
stalk may lead to a sellar location, whereas a more superior origin may result in tumor in the third ventricle. Thus,
craniopharyngiomas can appear in sellar, suprasellar, and
intraventricular locations, but a combination is also common. Different classification systems have been proposed
for such panoramic locations.11,37–42,46
Several avenues of approach have been used for craniopharyngiomas, primarily the superior (anterior interhemispheric-transcallosal) and basal (frontobasal, pterional,
cranio-orbitozygomatic, petrosal, and transsphenoidal)
approaches.3,9,11,12,19,36,39–44,46,48,64–67 The superior approaches
mainly unveil the intraventricular and suprachiasmatic area,
whereas the basal avenues open the intrasellar and parasellar areas.
Our preference is to approach a pure sellar location via
the transsphenoidal route, but the suprasellar location is
best visualized bilaterally via the pterional-transsylvian
parachiasmatic approach. We understand the pterional approach to be a combined skull-base approach that unveils
either the anterior and lateral base of the skull or the whole
parasellar area, including the chiasmatic, carotid, and interpeduncular cisterns, which can be well visualized microsurgically. For tumors that dominate the ventricular location,
we prefer the anterior interhemispheric transcallosal-transforaminal approach because the superior sightline allows
the surgeon to see the whole border of the tumor with its
third ventricular surface and, most importantly, the hypo-

thalamus. In particular, the presence of unilateral or bilateral hydrocephalus in patients with tumor in the third
ventricle indicates an intimate relationship between the
tumor and the foramen of Monro. In such situations, the
superior view allows inspection of the most posterosuperior part of the tumor (third ventricular roof), which could
cause inadvertent choroidal hemorrhage during surgery.
The translamina terminalis is also a natural corridor to
the third ventricle during the pterional approach, but either the ipsilateral or the superior part of the ventricle
cannot be well visualized even when the tumor is more
anterolaterally oriented above the supraorbital trajectory.
Still, this approach can be used for craniopharyngiomas
involving the anterior part of the third ventricle if it is feasible. The translamina terminalis route requires more retraction of the peritumoral third ventricular walls, so we
hesitate to use this avenue routinely. With respect to every
surgeon’s choice of approach, which is often guided by the
surgeon’s training, experience, and preferences, for tumors
that dominate the ventricle and also the suprasellar location, as in the presented case, we prefer a combined approach consisting of superior (anterior interhemispheric
transcallosal-transforaminal) and lateral (pterional-transsylvian parachiasmatic) approaches in the same sitting
(Fig. 10.2).

The Combined Approach
for Craniopharyngiomas
The first and most crucial steps to successfully removing
these lesions are detailed preoperative evaluation and planning the surgical strategy accordingly before entering the
operating room. Nevertheless, one should be ready for
surprises when dealing with a craniopharyngioma. Unfortunately, no radiological imaging system is yet available to
help the surgeon determine how much the tumor adheres
to its surroundings; therefore, evaluating this feature is
possible only during surgery. The practical advantage of
the combined approach mainly arises from its flexibility
when it comes to dealing with surprises. For example, let’s
consider a scenario in which the craniopharyngioma is located mostly in the third ventricle. If dissecting the inferior
part of tumor adhering to the surrounding tissue is difficult
through the anterior interhemispheric transcallosal-transforaminal approach, switching to the pterional approach is
the key to gross total excision. Or if dissecting the upper
part of a prechiasmatic craniopharyngioma is not possible
through the pterional approach, the surgeon can employ
the anterior interhemispheric transcallosal-transforaminal
approach. The surgeon’s only requirement is to be ready to
switch between the two approaches.
The surprises presented by a craniopharyngioma are
not always negative. A lesion that appears frightening on
MRI scans can sometimes be easily dissected and removed
through one approach. Although this situation is rare, when
it does happen the surgeon might regret making a large incision for a combined approach. To overcome this problem,
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a

b
Fig. 10.2a,b (a) Lateral view of a cadaver brain specimen after
the removal of the right cerebral hemisphere. Arrows show the
surgical routes used in the combined approach. The anterior in
terhemispheric transcallosal-transforaminal approach exposes

the most superior and posterior part of the tumor, whereas the
pterional-transsylvian parachiasmatic approach exposes the para
sellar part of the tumor. (b) Two separate incisions are used to
avoid creating a huge skin flap.

in recent years, we have preferred to make two small incisions rather than one large incision for the combined approach. We draw two incision lines but begin with the
most suitable approach according to the location and extension of the tumor. We make the second incision only
when the second approach is necessary (Fig. 10.2b).
When a craniopharyngioma is large enough to force the
surgeon to consider a combined approach, choosing the
initial approach depends on an evaluation of the parasellar
part of the tumor. If this part is small and the majority of
the tumor is located in the third ventricle, which opens the
possibility of removal through one craniotomy, then the
initial avenue should be the anterior interhemispheric
transcallosal-transforaminal approach. Otherwise, if the
tumor has a bulky parasellar portion, surgery should begin
with the pterional-transsylvian approach.
In the following sections we describe the technique of
each approach and the case of a patient with a tumor similar to that presented here who was operated on via this
combined approach (Fig. 10.3).

The patient is placed in the supine position, the back
section of the operating table is elevated approximately 15
degrees, and the seat section is positioned parallel to the
ground. The single pin of the three-point rigid cranial fixation system (Mayfield Modified Skull Clamp, Plainsboro, NJ)
is applied to the ipsilateral mastoid process and the other
two pins are applied to the contralateral parietal bone. The
head is then fixed with 30 degrees of rotation to the opposite side and the neck is moderately extended. After positioning, the scalp is prepared for two small incisions.
The pterional-transsylvian approach has been described
in detail by Yaşargil, and only an outline is given here. The
pterional craniotomy is designed to take advantage of natural anatomic planes and space intervals between structures, and to expose the base of the brain using minimal or
no retraction. The sphenoid ridge, with its pyramid shape,
separates the frontal and temporal lobes. In the pterional
approach, adequate bone drilling is crucial to sufficiently
expose the anterior cranial base. To avoid entering the sinus,
the surgeon should encounter the extension of the frontal
sinus before the craniotomy. The base of the sphenoid ridge
should be drilled away with a high-speed drill. We also remove the anterior clinoid process to gain more space and
the ability to mobilize the internal carotid artery during
tumor removal. The dura is opened in a semicircular fashion around the sylvian fissure, arching toward the sphenoid
ridge, and is reflected.
A wide opening of the proximal part of the sylvian fissure
is crucial to expose and remove the tumor. The tumor’s relationship to the M1 segment of the middle cerebral artery,
the A1 segments of the anterior cerebral arteries on the right
and left sides, and the anterior communicating, anterior
choroidal, and posterior communicating arteries is explored,
as is the relationship to the optic nerves and chiasm and the
oculomotor nerves. Of course, this exploration has limita-

The Pterional-Transsylvian
Parachiasmatic Approach
We generally prefer to make a right-sided pterional craniotomy. However, if the tumor extends mostly to the left
side and vision in the left eye has severely deteriorated, we
prefer to use a left-sided pterional craniotomy to protect
the healthier right-side vision from potential risks. Positioning the patient’s head correctly is a major step in the
success of the combined approach. The fixation system
must be applied wisely to allow the surgeon to change the
position of the head during the operation, to switch from
the pterional approach to the anterior interhemispheric
transcallosal-transforaminal approach.

a

b

c

Fig. 10.3a–g A 5-year-old boy with an intra- and extraventricular cranio
pharyngioma. (a) The preoperative T1-weighted axial, coronal, and sagittal MRI
scans with contrast enhancement demonstrate a giant craniopharyngioma ex
tending from the parasellar region to the corpus callosum through the third
ventricle. Because of hydrocephalus, the patient had a ventriculoperitoneal shunt
placed by surgeons at another institution. (b) Preoperative MR angiography
shows slightly elevated A1 segments of the anterior cerebral arteries, evidence
of the retrochiasmatic location of the tumor. (c) MR venography of the sub
ependymal venous system shows the anterior septal veins (ASV) separated from
each other by the tumor. The slightly posterior location of the junction of the
right-sided thalamostriate vein (TSV) and ASV delineates the possibility of enlarg
ing the right foramen of Monro via the anterior interhemispheric transcallosaltransforaminal approach. ICV, internal cerebral vein; L, left.
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Fig. 10.3a–g (continued ) Intraoperative endoscopic pictures via the pterionaltranssylvian (d) and transcallosal-transforaminal (e) routes show total removal
of the tumor with the pituitary stalk. The asterisk indicates the base of the pitu
itary stalk. III, third nerve; V, fifth nerve; VI, sixth nerve; BA, basilar artery; DS,
dorsum sella; P1, first segment of the posterior cerebral artery; SCA, superior
cerebellar artery. (f) Postoperative T1-weighted axial, coronal, and sagittal MRI
scans with contrast enhancement show total resection of the tumor through
the combined approach (anterior interhemispheric transcallosal-transforaminal
and pterional-transsylvian parachiasmatic). (g) Postoperative MR venography
shows both anterior septal veins (ASV) approximated to each other, and the
venous complex is preserved intact. TSV, thalamostriate vein; ICV, internal cere
bral vein.

g
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tions depending on the size and extension of the tumor. The
surgeon also explores the subchiasmatic portion of the tumor
through the narrow space intervals, the so-called prechiasmatic, opticocarotid, carotid-tentorial, and supracarotid
triangles, and finally through an opening in the lamina terminalis (Fig. 10.2a). The surgeon should first aspirate the
cystic component of the tumor, if it exists. After piecemeal
removal of the solid parts to achieve central decompression, the peripheral surfaces of the tumor can be explored
in the arachnoidal cleavage plane for complete removal.
Because of vital neurovascular structures, such as the
basilar artery, basilar bifurcation, and the P1 segments of
the posterior cerebral arteries and their perforating branches
accommodating the interpeduncular fossa and the retroclival-prepontine area, the basal part of the tumor in these
locations must be dissected with utmost care. It may be
difficult to differentiate small tumoral arteries from the
perforators of the chiasm. Therefore, we should avoid the
excessive coagulation of arteries. Oozing from small veins
can be controlled through the application of small pieces
of gelatin sponge (Spongostan, Ethicon, Inc., Somerville, NJ)
and gentle compression with a moist cottonoid. The excessive use of bipolar coagulation near mesencephalic structures should be avoided.
The hidden parts of the tumor in the midline under the
chiasm are explored through a window made into the lamina terminalis, which is already expanded by the tumor.
Attention is focused on identifying the pituitary stalk.
When a craniopharyngioma originates from the stalk with
a broad base, dissection is almost impossible. In this situation, the stalk is resected together with the tumor to
achieve complete removal. Postoperative endocrine substitution therapy is preferred rather than the risk of tumor
recurrence and a second operation.
Furthermore, the pterional-transsylvian approach allows exploration of the sella, parasellar area, and anterior
and middle fossae, which may also be invaded by tumor.
Some of the tumor extending to the third ventricle may not
be accessible through the pterional-transsylvian parachiasmatic approach, however, and switching to the anterior
interhemispheric transcallosal-transforaminal approach be
comes necessary.

The Anterior Interhemispheric TranscallosalTransforaminal Approach
When using the anterior interhemispheric transcallosaltransforaminal approach after the pterional approach, the
position of the patient’s head must be readjusted. The
head is brought to the neutral position and then fixed
without rotation but with an optimal degree of elevation
after the fixation system is released. Correct positioning
should make visualization of the tumor possible from
above vertically through the anterior interhemispheric
fissure and incised corpus callosum, revealing the foramen
of Monro, and as far as the infundibular areas, directly in
one plane.

Before beginning the right-sided posterior frontal-parasagittal craniotomy, the surgeon must carefully analyze the
preoperative venogram or MR venography to determine
the number and course of the frontal ascending veins, the
size and variation of the superior sagittal sinus, and the
possible presence of paramedian venous lacunae. Precise
placement of the bone flap relative to the venous pattern in
this area is thus ensured. It is important to recognize the
position of the coronal suture, which in most instances lies
vertical to the foramen of Monro. Sagittal MRI studies are
an effective resource to guide the surgeon in targeting the
foramen of Monro.
Exploring the anterior interhemispheric fissure, especially in pediatric patients, may be uncomplicated because
multiple and wide corridors often exist between cortical
veins draining into the sinus. However, in some cases, advancing through the interhemispheric fissure can be challenging when these corridors are narrower or the arachnoid
bands tethering these veins are thicker than usual. With
sharp dissection of the arachnoid bands, the draining veins
are mobilized and, if at all possible, none of them are sacrificed. Moist cottonoids of increasing size are placed at the
anterior and posterior points of dissection to provide a sufficient opening in the fissure and therefore avoid the need
for a self-retaining retractor. Occasionally, the falx may be
short or it may have fenestrations and compact arachnoidal
adhesions among bilateral medial, frontal, or bilateral cingulate gyri across the midline. In some cases, pericallosal
arteries provide small branches to the falx. To prevent their
inadvertent avulsion, these branches are coagulated and
severed.
Upon reaching the body of the corpus callosum, the surgeon must be aware that one, two, or even three perical
losal arteries may be present. The surgeon should carefully
study the arterial pattern in this region on preoperative MR
angiography and correlate this information with the surgical anatomy. Generally, the corpus callosum is incised approximately 5 to 10 mm in length between two pericallosal
arteries. An incision into the corpus callosum initiates the
free flow of CSF and decompression of the right lateral ventricle. Unless there are tiny natural vents in the septum pellucidum, CSF from the left lateral ventricle will not drain
and the septum pellucidum will bulge to the right, obscuring the surgeon’s view. A 5- to 10-mm fenestrating incision
into the septum pellucidum allows drainage of the left lateral ventricle, giving the surgeon adequate access to both
lateral ventricles as well as both foramina of Monro, regardless of the size of the ventricles.
Both foramina of Monro and the course of the veins
joining the internal cerebral vein, in particular the anterior
septal and thalamostriate veins, are inspected. In the classic definition, these veins are described as converging at
the posterior margin of the foramen of Monro and are
covered by the choroid plexus. In the majority of patients,
however, the location of the junction between the anterior
septal and internal cerebral veins is found beyond the posterior margin of the foramen of Monro, within the velum
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interpositum, mainly unilaterally but occasionally bilaterally. The drainage patterns of the anterior septal, thalamostriate, and internal cerebral veins, which are intimately
associated with the surgical exposure of the third ventricle,
can be studied preoperatively on MR venography68 (Fig.
10.3c). In patients with a large tumor, one or both foramina
of Monro are often grossly enlarged, and in such situations
it has not been found necessary to mobilize the choroid
plexus and tela choroidea. In patients with a small foramen
of Monro bilaterally, we recommend defining the location
of the junction of the anterior septal and internal cerebral
veins and, in the case of a posteriorly located junction, we
advocate opening the choroidal fissure as far as the junction to enlarge the ipsilateral foramen of Monro posteriorly. This technique allows adequate access to the entire
third ventricle without injuring vital paraforaminal neural
and vascular structures.68
In patients with a cystic tumor, the cyst is punctured
and the contents aspirated, which facilitates dissection of
the collapsed tumor from the wall of the third ventricle. In
the absence of a cystic component, the lesion is debulked
piecemeal using bipolar forceps, a rongeur, and suction,
until an optimal central decompression has been achieved.
Thereafter, the peripheral surface of the tumor around both
foramina of Monro and in the posterosuperior aspect of the
third ventricle can be dissected, especially from the choroid plexus. This is the main advantage of the combined
approach, which facilitates dissection of the superior portion of the tumor under direct visual control instead of
pulling the tumor down blindly, as is done in the pterional
or other lateral approaches. The displaced massa intermedia and the entrance to the aqueduct are identified. Fortunately, in the majority of patients, a relatively well-defined
cleavage exists between the ventricular wall and the tumor
surface, and it is essential to keep track of this cleavage pattern. During dissection in the laterobasal areas of the third
ventricle, the course of the optic tract must be taken into
account. Deeper exploration exposes the chiasm, infundib-
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ulum, mamillary bodies, and basilar bifurcation within the
interpeduncular fossa.
After the tumor is removed, the explored areas are inspected to secure hemostasis. Pterional exploration continues to ensure that no residual tumor remains and that
hemostasis is absolute. The surgical field of both craniotomies is reinspected with a 0-degree and a 30-degree endoscope to visualize any residual tumor in the retrochiasmatic
and interpeduncular compartments, the posterior and superior walls of the third ventricle, and the intrasellar compartment, especially on the blind side of the sella where
the craniotomy is established (Fig. 10.3d,e). Once total
resection is achieved, hemostasis is established and watertight closure is ensured.

Conclusion
This combined approach provides an effective surgical
method, under direct and full visual control, to explore and
completely remove intra- and extraventricular types of
craniopharyngiomas extending superiorly into the third
ventricle up to the foramen of Monro. This approach is
especially suitable when the tumor causes unilateral or bilateral hydrocephalus. The anatomic relationship of the inferior part of the tumor in subchiasmatic, interpeduncular,
and prepontine areas, as well as the parasellar tumor extensions, can be identified and precisely dissected through
a pterional-transsylvian parachiasmatic approach. The posterosuperior part of the tumor and its relation to structures
in the foramen of Monro and third ventricle, especially
adhesions to the choroid plexus and tela choroidea, can be
explored and identified through the anterior interhemispheric transcallosal-transforaminal approach.
Separate small, free pterional and posterior frontal
parasagittal bone flaps can be made with separate skin
incisions. The combination of these two approaches unites
the advantages of each and allows for safe and complete
removal of these formidable lesions.

The Translaminar Approach to Craniopharyngiomas
Edward R. Smith and R. Michael Scott
Craniopharyngiomas are tumors usually found in the region of the infundibulum, although they can develop anywhere along an axis from the nasopharynx to the third
ventricle. They comprise approximately 5 to 10% of pediatric brain tumors and present with signs and symptoms
referable to their location, including visual loss, hormonal
disturbances, hydrocephalus, and headache. The broad
spectrum of strategies used to treat these tumors, in

cluding surgical resection, radiation, and the intratumoral
delivery of chemotherapeutic agents or radioisotopes, underscores the difficulty of achieving successful cures with
acceptable morbidity, and has fostered considerable controversy among physicians involved in the care of children
with these lesions. Among the most challenging of these
lesions are those situated entirely within the third ventricle. This section provides a case-based review of one
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surgical technique to access tumors in this location by creating an opening in the lamina terminalis: the translaminar approach.

Presentation of the Case
An 18-year-old male presented to his pediatrician with the
chief complaints of progressive visual loss, frequent urination, and marked obesity over the past several months. An
MRI study was obtained (see case figure) with subsequent
referral to neurosurgery.

Initial Steps
Diagnostic Evaluation
The patient’s history and imaging support the presumptive
diagnosis of a craniopharyngioma. These lesions originate
from cells derived from the development of the adenohypophysis and tend to arise primarily from the region of the
infundibulum.69,70 Craniopharyngiomas are composed of
two distinct subtypes, adamantinomatous and papillary,
which differ pathologically. Adamantinomatous craniopharyngiomas are most common in children, have a tendency to produce calcified deposits intratumorally, and
have a keratinized squamous layer that flakes off and degenerates into a characteristic cholesterol-rich “crankcase oil” fluid.71–73 In contrast, the papillary subtype (also
called squamous papillary) is found nearly exclusively in
adults (albeit still less frequently than adamantinomatous
tumors) and is characterized by stratified squamous epithelium that does not usually exhibit the calcification or
cystic degeneration evident in the adamantinomatous
tumors.71–74

Clinical Evaluation
Although craniopharyngiomas can be discovered in the asymptomatic patient, the vast majority of cases are identified with the onset of characteristic signs and symptoms.75
The most common clinical findings include sequelae of
increased intracranial pressure from mass effect and hydrocephalus (especially headache, nausea, and vomiting),
particularly visual loss, or endocrinologic dysfunction, or
both.69,75,76 In the published series from Children’s Hospital
in Boston, symptoms resulting from increased intracranial
pressure were the most common causes, leading to discovery of the tumor in 44% of patients.75 Nearly 25% of patients
with a craniopharyngioma have hydrocephalus at presentation—a finding in the patient presented here—secondary
to obstruction of the third ventricle by the tumor.76
As in this patient, visual deterioration can be quite severe before it is detected by family or clinicians and may
be asymmetric depending on the growth pattern of the
tumor.75,77 Similarly insidious is the development of endocrinologic dysfunction, which may remain unnoticed for

long periods of time because of the often subtle onset of
symptoms such as growth delay. Although a deficiency of
growth hormone is the most common endocrinologic problem found in the setting of a craniopharyngioma (followed
by hypothyroidism and diabetes insipidus—the cause of
the frequent urination in the patient presented here), abnormalities of any and all of the pituitary hormones may
be manifest, and a careful retrospective analysis of patients
reveals some form of endocrine dysfunction in 60 to 90%
of patients at diagnosis.75,78 Hormonal symptoms can be
compounded by effects resulting from hypothalamic injury, particularly common in patients with tumors filling
the third ventricle. These findings include temperature
intolerance or dysregulation, behavioral disturbances, and,
as in the reviewed patient, weight gain.
For this patient, a formal assessment of visual fields and
an ophthalmologic examination should be done before surgery.75,79 This assessment not only establishes a baseline,
but also may help guide the surgical approach if one optic
nerve is substantially impaired and the other has retained
function. Consultation with endocrinologists is important,
including obtaining a panel of laboratory studies to evaluate the pituitary function (see Table 9.2 in Chapter 9).
Craniopharyngioma patients can be cortisol-deficient and
profound deterioration can occur from apparently minor
physiological stressors. The replacement of corticosteroids
frequently averts disaster in these cases, and options include dexamethasone (1–4 mg intravenously) or hydrocortisone (30 mg/m2). Lastly, although it is often not practical
in the setting of an ill patient, those who come to medical
attention in a more elective fashion may be candidates for
a detailed neuropsychological evaluation, allowing caregivers and families to more effectively follow changes over
the course of treatment and develop more tailored coping
strategies.79,80

Radiographic Evaluation
An MRI scan is particularly useful for identifying tumors
and delineating the relationship of the tumor to surrounding neurovascular structures, including the carotids and
their branches, the optic apparatus, the pituitary gland and
stalk, and the hypothalamus and ventricular system (see
case figure). As in this patient, craniopharyngiomas may
appear to be heterogeneous, with bright cystic components
on T1- and T2-weighted images and solid portions of the
tumor exhibiting variable enhancement after the administration of contrast. Obtaining MRI scans in axial, sagittal,
and coronal planes with and without contrast is critical
to preoperative planning and postoperative follow-up. For
these same reasons, MR angiography (MRA) is helpful in
delineating the vascular anatomy.
Specific to the decision to use a translaminar approach
is the relationship of the optic chiasm to the tumor. When
the bulk of the tumor is located posterior to the optic chiasm (as is the case in third ventricular tumors), the optic
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apparatus is often displaced anteriorly and thinned—a
“prefixed” chiasm. Although many craniopharyngiomas
are relatively midline, some may show asymmetry with
associated rotation of the chiasm—an additional finding
relevant for surgical planning that can be predicted with
detailed preoperative MRI scans. Lastly, the length of the
rostrocaudal window between the chiasm (caudally) and
the anterior cerebral communicating artery (rostrally), as
appreciated on the sagittal MRI scans, may also be useful
for surgical planning.
A CT scan is also helpful in the diagnosis and surgical
planning for patients with craniopharyngiomas. A distinguishing feature of these tumors is the presence of calcium,
which may be difficult to detect on MRI. Regions of calcification are present in most pediatric tumors (up to 90%) and
over half of adult lesions.41,72,81 Preoperative radiographic
visualization of solid calcium deposits (when present) is
invaluable to the surgeon in determining the feasibility
of specific operative approaches. This is especially relevant
to operative planning for intraventricular lesions, as dense
calcification may warn the surgeon that there may be
profound challenges to the goal of surgical resection. In
addition, CT is helpful in ascertaining the degree of pneumatization of the sphenoid, ethmoid, and frontal sinuses,
information that is relevant to choosing the transsphenoidal
approaches for sellar tumors, the transfrontal approaches
for suprasellar tumors, and, particular to the case presented here, drilling down the planum sphenoidale to augment the visualization of retrochiasmatic lesions.
Preoperative angiography is generally not helpful in evaluating craniopharyngiomas. The tumors are usually fed by
small vessels that are difficult to visualize, even with a dedicated angiogram, and there is no role for preoperative embolization. Most of the relevant structural anatomy can be
better delineated with MRA, in which the parenchyma and
tumor can be seen side by side with associated vessels.

Management
Althuogh this patient’s tumor was identified in the outpatient setting, some children may present with rapid clinical
deterioration. This is most commonly caused by hydrocephalus, and may require urgent decompression of the
ventricular system with external catheters. In the setting of
the rapidly deteriorating child, it is important to remember
the potential need to administer stress-dose steroids. This
case also serves to illustrate the potential need to place
bilateral ventricular drains (or a unilateral drain with
concomitant endoscopic septostomy), as the tumor’s obstruction of both foramina of Monro may lead to catheter
decompression of only the ipsilateral ventricle.
If possible, complex tumor resection should be delayed
until the operation can be well thought out and an experienced and fully staffed operative team is available. A fresh
and rested neurosurgical team is often in the best interest
of both the surgeon and the patient.
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Operative Planning
Once the tumor is identified, the primary objectives of
craniopharyngioma treatment are restoring and preserving
neurologic function with minimal morbidity. The debates
regarding the most effective method to achieve this goal
are substantial. The preferential use of specific treatments—
radical surgery, subtotal resection, radiation, and the intracystic administration of chemotherapy or radioisotopes—
may be influenced by both published data and institutional
bias. Before undertaking an operation, neurosurgeons should
define the goals of surgery. An important distinction is
whether the objective is a complete resection or a planned
subtotal debulking. This topic is controversial, with data
supporting either strategy, and is beyond the scope of this
chapter.10,69,75,82–87 Here, we present an overview of one surgical technique—the translaminar approach—as illustrated
by a specific case.

The Translaminar Approach
Operative Indications and Use
The primary goal of surgery is to resect the lesion while
preserving vital neural and vascular structures. Factors
such as anatomic constraints imposed by these vital structures or characteristics of the tumor (such as areas of calcification) may preclude a gross total resection, and the
secondary goals of surgery may include reducing mass effect, debulking the tumor so that it becomes more amenable to radiation therapy (either through reduced size or by
creating margins from vital structures to minimize dose
effect), restoring patterns of CSF flow, or establishing a tissue diagnosis with pathological specimens. These goals
are especially important with tumors akin to the one presented here, as they can present formidable challenges to
the surgeon, with substantial risks to the patient.
The translaminar approach involves making an opening
in the lamina terminalis to gain entry to the third ventricle.
This approach is limited by a narrow angle of entry and a
necessarily small working aperture, bounded by the optic
apparatus, the nuclei of the hypothalamus, and the anterior cerebral arteries. Other than for the smallest lesions, it
is often a poor choice as a sole route for tumor resection.
However, when used in conjunction with other approaches
(such as through the opticocarotid triangle or after drilling
down the planum sphenoidale), the unique access afforded
by the translaminar approach can markedly augment their
effectiveness.
Indications for the translaminar approach include the
presence of a prefixed chiasm, or a tumor location within
the third ventricle or on the undersurface of the chiasm, in
which case the opening of the lamina terminalis may allow
better exposure of the tumor by allowing downward pressure on the tumor through the hypothalamic floor to deliver the mass into the already established infrachiasmatic
exposure. The case presented here is challenging, and it is
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unlikely that a substantive resection could be achieved solely
with a translaminar approach. However, when coupled with
the other routes mentioned above (and potentially alternative trajectories, such as the transcallosal approach), safe
resection of the mass might be achieved, either with a single or combined surgical procedure.
In addition to the anatomic indications discussed, the
consistency of the tumor as estimated from imaging studies is an important factor to consider when selecting an approach. The presence of a mostly cystic and not heavily
calcified tumor suggests that the translaminar route may
be effective. Conversely, a heavily calcified or solid tumor
will probably be difficult to resect through the small aperture afforded by this approach. As noted above, the tumor’s
appearance on preoperative CT scans will influence this
aspect of preoperative planning.

Risks
Access to the lamina terminalis is usually obtained through
a bifrontal or frontolateral approach, with the approach
often augmented through removal of the orbital bar and
roof to provide additional exposure from below. The risks
to these approaches are discussed in greater detail elsewhere, but include CSF leakage (given the potential violation of the sinuses), injury to the olfactory nerves, and
retraction injury to the brain (which can be minimized by
diverting CSF through a catheter). When opening the lamina terminalis, care must be taken not to injure the optic
chiasm (with risk to the bitemporal fields from midline
damage), compress or avulse the anterior cerebral branches
(which supply the optic system and anterior perforated
substance), or cause harm to the hypothalamic nuclei. Although some authors have advocated sectioning of the
anterior cerebral communicating artery to increase access
through the lamina terminalis, that is not the practice at
our institution.88 Of particular note is the danger of traction injury to the structures out of view within the third
ventricle from overaggressive tumor resection. These atrisk structures include the internal cerebral veins, the walls
of the ventricle (including the thalamus, hypothalamus,
and superior midbrain), the infundibulum, and vessels comprising the circle of Willis (especially in the setting of an
incompetent floor of the third ventricle).
In addition to the surgeon making his or her own assessment of operative risk, it is important to have a candid
discussion with the patient and the family before surgery
to communicate the potential risks and benefits.

Preoperative Planning
The anesthesia and nursing team should be called in before
the operation to review the treatment strategy and prepare
the appropriate equipment. The anesthesia team should
prepare for fluid shifts, possible pre- or intraoperative diabetes insipidus, the need for hormone replacement (especially stress-dose steroids), and blood loss, and anticipate

a potential air embolus, particularly if midline exposures
are done. Nursing staff can prepare the desired equipment,
such as ventriculostomy catheters, specialized drill bits, the
ultrasonic aspirator, frameless stereotaxy, intraoperative
imaging (such as ultrasound, endoscopy, or dental mirrors)
and specialized instruments such as specific retraction kits
and small, long microdissectors (we often use transsphenoidal forceps and curettes in translaminar approaches).
In addition, if transgression of the frontal air sinus is likely,
an abdominal fat graft site can be prepared before starting
the procedure.

Operative Approach
In this patient, the tumor is quite large and resection is
likely to be challenging. Although many different approaches
could be considered, the retrochiasmatic location of this
tumor, coupled with its large size, suggests that surgical
intervention is warranted. The goals in this specific case
would be to alleviate the compression of peritumoral neural structures (thalamic and hypothalamic nuclei), restore
CSF pathways, and remove as much tumor as possible, to
either attempt a cure or, more likely, reduce the size to a
smaller target for radiation. The success of the approach
depends on the consistency of the tumor, as firm, calcified
lesions are difficult and possibly unsafe to resect, whereas
soft, suctionable tumors may be amenable to removal. It
would be reasonable in this case to consider a preoperative
ventriculostomy (perhaps aided by an endoscopic septostomy) and in some cases plan for access to a transcallosal
route in the same sitting. Others might first attempt the
translaminar approach and proceed to a transcallosal approach in a staged fashion as a separate procedure only if
needed.
Here, we describe the subfrontal translaminar approach.
The subfrontal approach allows for excellent visualization
of the optic nerves, carotids, and, importantly, the lamina
terminalis. This approach is useful for most craniopharyngiomas, albeit less so for isolated sellar lesions. It affords a
wide range of potential approaches to the suprasellar region
and can be easily combined with other approaches, such
as the pterional, transcallosal intraventricular, and even
the sellar (with drilling of the planum sphenoidale). The
approach can be unilateral or bilateral, depending on the
anatomy of the tumor. For retrochiasmatic and intraventricular tumors, removing the superior orbital rim and roof
improves visualization while minimizing retraction on the
frontal lobes. In this case, a bilateral frontal approach is used.
For patients with hydrocephalus, the placement of a
preoperative drain may relax the brain and facilitate visualization with minimal retraction. A bicoronal incision is
then marked out, with preparation to include the possibility of a pterional extension if needed. In patients with a
large frontal air sinus, a site for an abdominal fat graft is
readied.
The patient is pinned in extension with the head midline to allow the frontal lobes to fall away from the floor of
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the anterior fossa. After the incision is made, the pericranium is preserved by elevating the scalp flap in anticipation
of the need for a vascularized pedicle to cover the frontal
sinus. In a unilateral case, the operating table can be rotated to vary lines of sight while the surgeon remains in
a comfortable operating position, seated or standing. The
dural opening should be low to the floor of the anterior
fossa and, in the case of bilateral exposure, care should be
taken to preserve at least one olfactory nerve.
If the orbital rim and roof are removed, the surgeon
should attempt to avoid injury to the periorbita, as fat can
be troublesome to retract and can result in significant postoperative bruising and ocular ecchymosis. Gentle downward
retraction on the orbit can greatly enhance visualization of
the tumor, although some patients may experience bradycardia with compression of the eye. This will often resolve
with slight repositioning of the retractor.
Once the dura is opened, the operating microscope is
used and the CSF cisterns are opened to further relax the
brain. It is our practice to avoid using mannitol if possible,
given the ability to achieve good relaxation with proper positioning and the removal of CSF, and also given the potential issues with diabetes insipidus perioperatively. Draining
the cyst contents can help relax the tight brain, but we
prefer to maintain the tumor anatomy through the initial
dissection, if possible, as the taut cyst provides good countertraction and a convenient dissection plane. Ultimately,
however, cysts need to be drained, which can be accomplished with direct entry or aspiration with a fine needle.
Placement of cottonoids around the cyst may help prevent
the spread of the irritating cyst contents in the subarachnoid space, theoretically reducing the likelihood of chemical meningitis and tumor seeding.
In this patient, opening of the lamina terminalis will be
useful and essential. The thinned, often darkened area just
above the chiasm can be incised, and in this patient the
area will be full or bulging. We often employ an arachnoid
blade to make a rostrocaudal opening. The inferior extent
of the opening is limited by the chiasm, whereas the rostral
opening is restricted by the anterior cerebral communicating artery and the anterior commissure of the frontal
lobes. Care must be taken to avoid blind traction on or injury to the walls of the third ventricle, as hypothalamic injury can be devastating, and thus self-retaining retractors
are not placed within the laminar opening. This is equally
important to prevent injury to vessels (especially the internal cerebral veins) and especially relevant in the setting
of adherent or heavily calcified tumors. Gentle downward
pressure on the tumor from the lamina terminalis can
sometimes deliver the lesion into the more accessible
subchiasmatic space, allowing other approaches to become
more useful.
Employing a dental mirror or angled endoscope can
substantially aid in visualizing difficult regions of the op-
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erative field. Drilling of the planum sphenoidale can increase the working room, allowing greater access to the
sella when the chiasm is prefixed. When drilling in this
area, the surgeon must be aware that the ethmoid or sphenoid sinus can be entered and appropriate steps must be
taken to prevent a CSF leak if a breach occurs—namely,
packing the sinus with fat or muscle and covering the defect with tissue, preferably vascularized pericranium and
fibrin glue.
In this case, gentle, piecemeal resection of the tumor, if
soft, may result in substantial debulking. The decision as
to when to stop debulking often requires the surgeon’s
experienced judgment. Intraoperative imaging with either
ultrasound or MRI can often be of great help in these cases,
and, when available, both are used routinely in these cases
because of the difficulty in visualizing the most superior
extent of these large tumors.

Immediate Postoperative Care
After surgical resection of a craniopharyngioma, patients
are usually monitored in the intensive care unit. Primary
concerns center on the management of hormonal replacement (especially with regard to diabetes insipidus and
stress-dose corticosteroids), repeated assessment of visual
function (monitoring for hemorrhage or blood pressure–
dependent changes to eyesight), and documentation of the
level of consciousness (watching for delayed hydrocephalus
and the effects of hypothalamic injury). Postoperative imaging is useful as a baseline, and is performed on our service either in the operating room or within 48 hours of the
end of surgery. An ongoing discussion among the intensive
care staff, nurses, and the neurosurgical team is critical to
maximize communication and maintain a unified approach
to the often difficult management issues that problems like
postoperative diabetes insipidus can raise regarding fluid
management.

Conclusion
Craniopharyngiomas remain one of the most challenging
brain tumors, particularly when found in association with
a prefixed chiasm and located totally within the third ventricle. The use of the translaminar approach offers neurosurgeons a route by which to attack these lesions. Detailed
preoperative assessment, including MRI, CT, and clinical
evaluations (endocrine and visual), is critical to developing
a sound surgical strategy. The translaminar approach is
most effective when coupled with other routes of access
to the tumor. The ability to combine the translaminar approach with other surgical approaches, along with a clear
understanding of potential complications such as traction
injuries, leads to the safest and most effective surgical care
being provided to the patient.

168  

Controversies in Neurosurgery II

Moderators
Craniopharyngioma: Choosing the Optimal Neurosurgical Approach
James T. Rutka and Osaama H. Khan
The topic of craniopharyngioma is steeped in a rich history
in the neurosurgical literature and archives. In the days of
Dandy,89 this tumor was known as a hypophyseal ductal
tumor. Dandy described his experiences with this predominantly childhood tumor, including a description of its predominant localization in the intracranial compartment,
the presence of dark-colored cystic fluid containing cholesterol crystals, and various neurosurgical approaches used to
reach the tumor itself. Dandy did not hesitate to move aside
or resect structures that were in his way, such as the optic
or olfactory nerve, to gain access and remove as much of
the tumor as possible. Since Dandy’s time, there have been
numerous advances in our understanding of this disease
and its treatment. This section of the chapter establishes
the principles for the neurosurgical resection of craniopharyngiomas and offers a balanced perspective on the selection of approaches according to important clinical and
neuroimaging features.

Incidence and Etiology
Craniopharyngiomas account for 3% of intracranial tumors90 and 6 to 8% of pediatric brain tumors.91 No underlying causes for their development have been consistently
identified. On rare occasions, craniopharyngiomas have occurred in siblings,92–94 but limited genetic studies suggest
that this type of tumor is sporadic, not one that has genetic
inheritance patterns.

Natural History
The natural history of craniopharyngiomas has not been
entirely elucidated, but good evidence shows that both

a

b

Fig. 10.4a–c Serial MRI scans of a craniopharyngioma found
during the workup of a patient with headaches. Images were re
peated at 6 months (b) and 10 months (c), respectively. Although

cystic and solid elements of the tumor have a significant
potential to grow (Fig. 10.4). If a craniopharyngioma is detected incidentally on imaging studies, then there is an option for follow-up with close serial imaging to more fully
delineate its growth rate. As most craniopharyngiomas
show growth of both cystic and solid elements over time,
however, neurosurgical planning should be done early to
maximize the opportunities for successful eradication or
control of the lesion.

Classification System
Craniopharyngiomas can be classified according to their
site of origin: sellar, prechiasmatic, or retrochiasmatic.95,96
Sellar craniopharyngiomas present predominantly with
endocrinopathy, prechiasmatic lesions with visual failure,
and retrochiasmatic lesions with endocrinopathy and raised
intracranial pressure because they often invaginate the
floor of the third ventricle and grow toward and eventually
occlude the foramina of Monro bilaterally.
In recent times, craniopharyngiomas have been classified on the basis of their relationship to the infundibulum.97,98 This classification system is reasonable, but at
times the precise localization of the infundibulum cannot
be determined even with thin-slice MRI, given the large size
and regional invasiveness of these tumors. In either case,
craniopharyngiomas arise in the basal forebrain region,
and the physician must appreciate and preserve, when possible, the important regional neuroanatomy, including the
pituitary gland and stalk, the hypothalamus, the intracranial carotid artery, the A1 and A2 segments of the anterior
cerebral artery, the M1 branch of the middle cerebral artery, and the first, second, and third cranial nerves.

c

the patient had no neurologic or endocrinologic abnormalities,
surgery was chosen because of progressive growth, with en
croachment into the hypothalamus at 10 months.
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Clinical Investigation
If a child is identified with a craniopharyngioma, then a
series of examinations and investigations are recommended before surgery. These include neurologic, neuroendocrinologic, neuro-ophthalmologic, neuroradiological,
and neuropsychological assessments. A neuropsychological
examination should be done before surgery because the
basal forebrain structures and the mesial temporal lobes may
be affected by treatment; thus, it is prudent to determine,
if possible, the patient’s preoperative neuropsychological
status. Such an assessment is especially recommended for
young children who may be candidates for radiation therapy at a later stage.

Treatment Options
The treatment options for craniopharyngiomas include conservative management, surgery (biopsy or open resection),
chemotherapy (including intracystic therapy), radiation
therapy, and hormonal therapy. In this context, hormonal
therapy refers to the use of endocrine hormone replacement therapy to overcome deficiencies that can occur after
treatment. Of the various hormone therapies, antidiuretic
hormone replacement therapy may be most important in
the early postoperative phase. Other hormones, such as
growth hormone, thyroid hormone, and steroid hormones,
are factored into the decision making in due course based
on the results of serum hormone measurements in the
postoperative period.

Neurosurgical Approaches
A myriad of neurosurgical approaches to craniopharyngiomas has been described. Some of the more commonly
used approaches include the transsphenoidal, subfrontal,
pterional, subtemporal, anterior intrahemispheric, intrahemispheric transcallosal, and endonasal endoscopic. In
addition, for large tumors, a neurosurgeon may choose
a combined approach, using, for example, an intrahemispheric transcallosal approach in conjunction with a pterional or subfrontal approach.99 Recent reports from several
centers describe the use of the endoscopic endonasal
approach.100–102

The Case for Aggressive
Neurosurgical Resection
Given the inexorable growth and neurologic deficits that
can result from inadequately treated tumors, the case for
aggressive neurosurgical resection of craniopharyngiomas
has been made by several neurosurgeons in numerous
centers.11,86,103,104 Yaşargil and colleagues11 reported on a
series of 144 patients in whom craniopharyngiomas were
aggressively resected. In this series, the recurrence rate
was 7%, the morbidity was 16.7%, and the mortality was
2.1%. In the series by Hoffman and associates,85 craniopha-
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ryngiomas were aggressively resected toward gross total
removal of the tumor. Despite what appeared to be a complete resection at surgery, however, the recurrence rate
was 34%. Postoperative imaging studies could frequently
predict which patients would have a recurrence of their
craniopharyngioma.
In the series reported by Fahlbusch and coworkers,9
the tumors were heavily weighted toward sellar craniopharyngiomas. As a result, a transsphenoidal approach
could be used to reach these lesions, resection rates were
high, and morbidity was low. In the follow-up report on
this series, the gross total resection rate remained close to
89%.105 The authors believed strongly that total resection
was the treatment of choice, and radiotherapy should be
reserved for tumor remnants or progression of disease
after surgery.
Van Effenterre and Boch2 reported on 122 patients who
underwent aggressive resection. In their series, there was
also a defined recurrence rate, but patients did well, suffering very few neurologic, endocrinologic, or ophthalmologic
complications. In the study by Elliott and colleagues,106 86
patients underwent radical resection of craniopharyngiomas. These authors advocate radical surgery, and gross
total resection was easiest at the first presentation, but
there were three perioperative deaths. Subtotal resection,
hydrocephalus, and the implantation of a ventricular peritoneal shunt were negative predictors of progression-free
and overall survival. In the end, the authors recommended
that, if aggressive surgery is necessary, it should be done
by a neurosurgeon with considerable experience with this
tumor.86

Our Preferred Neurosurgical Approach
At the Hospital for Sick Children in Toronto, Canada, we
have typically used a unilateral subfrontal approach to remove craniopharyngiomas, primarily because of the midline position of the lesion, almost without exception. For
this approach, the patient is placed in the supine position
with the head tilted slightly backward. A bicoronal scalp
incision is preferred, and a unilateral orbital osteotomy is
done after a frontal craniotomy. When the dura is opened,
there is an option to ligate the anterior superior sagittal
sinus and divide the falx cerebri so as to facilitate brain relaxation. It is extremely important that the frontal lobe not
be the object of a retraction injury at the end of the case.
The CSF cisterns are opened widely so that brain relaxation
can continue before tumor removal.
The operative corridor to the craniopharyngioma is then
expanded under the operating microscope. Stepwise, the
olfactory nerve, the intracranial carotid artery, and the optic
nerve are first identified on the ipsilateral side (Fig. 10.5).
In most cases, the tumor capsule is easily seen at this juncture. The carotid artery is typically followed distally to the
A1 segment of the anterior cerebral artery, which crosses
over the optic chiasm or tract, and the M1 segment of the
middle cerebral artery. The same exposure is then done
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whether the tumor adheres to the hypothalamus. Once
sufficient microneurosurgical dissection has been done,
gentle traction is applied to the tumor capsule with the
micro-ring or equivalent forceps, and the tumor is delivered through the lamina terminalis. At the end of all procedures, it is wise to use mirrors or the curved endoscope to
ensure that all tumor remnants and flecks of calcium have
been removed (Fig. 10.7).

The Role of the Hypothalamus

Fig. 10.5 Intraoperative image of a prechiasmatic craniopha
ryngioma through the subfrontal approach. The right olfactory
nerve is seen superficially, with the tumor capsule surrounded by
the optic nerves laterally and the optic chiasm posteriorly.

carefully on the contralateral side. For prechiasmatic lesions, dissection is performed predominantly anterior to
the chiasm. Dissection within the opticocarotid triangle
ensures the liberation of the tumor capsule from the optic
apparatus beneath the optic nerve and chiasm. Early in the
procedure, attempts are made to identify the pituitary
stalk or infundibulum, which can be difficult, especially
with large tumors.
For retrochiasmatic tumors, once the prechiasmatic
space has been assessed to localize the tumor, then the
lamina terminalis is exposed through gentle retraction on
the frontal lobe. The lamina terminalis is typically exposed
at the level of the anterior communicating artery and the
junction of the A2 segments bilaterally (Fig. 10.6). The
lamina terminalis is opened, and gentle dissection is performed to deliver the tumor capsule, the cyst wall, or both
toward the midline. The operating microscope is used
at high magnification as efforts are made to determine

a
Fig. 10.6a,b Intraoperative images of the translamina termina
lis approach to remove a retrochiasmatic craniopharyngioma.
(a) The tumor capsule can be seen. (b) The tumor was debulked

A major determinant of the success of craniopharyngioma
surgery is the integrity of the hypothalamus after the procedure. Recently, a classification system for craniopharyngiomas has been proposed based on the involvement of
the hypothalamus. Puget and colleagues96 described three
categories of craniopharyngioma based on preoperative
MRI findings. A class 0 tumor does not involve the hypothalamus and is a true prechiasmatic craniopharyngioma
(Fig. 10.8). These tumors can be removed safely without fear
of injury to the hypothalamus. Class 1 tumors have some
involvement of the hypothalamus, usually on one side (Fig.
10.9). These cases can also be tackled surgically with expectations of a good outcome, but with some risk of injury
to the hypothalamus and the development of obesity postoperatively. Class 2 tumors have potentially substantial
involvement of the hypothalamus—the typical retrochiasmatic craniopharyngiomas—and surgery can be done, but
the incidence of hypothalamic injury and obesity must be
construed as a significant risk postoperatively (Fig. 10.10).

Endoscopic Endonasal Treatment
of Craniopharyngiomas
Recently, Cavallo and colleagues102 have described the use
of the expanded endonasal approach for craniopharyngiomas. The approach they describe allows excellent visibility
and access to the midline corridor up to the level of the
third ventricle. But one of the problems described in this

b
through resection of the lamina terminalis and the basilar com
plex can be seen in the distance.
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Fig. 10.7 Artistic illustration showing the use of a mirror to
ensure adequate debulking of a craniopharyngioma. Note the
bilateral carotids, the A1 and A2 segments, and the optic chiasm.
Deep to the resected Liliequist membrane is the basilar complex.
(From Cook DJ, Rutka JT. Craniopharyngioma: neurosurgical
management. In: Hanna EY, DeMonte F, eds. Comprehensive
Management of Skull Base Tumors. New York: Informa Health
care, 2009:573-581. Reprinted by permission.)

Fig. 10.9 Coronal MRI of a class 1 craniopharyngioma with en
croachment into the hypothalamus (right).
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Fig. 10.8 Coronal MRI of a class 0 craniopharyngioma located
in the prechiasmatic space.

Fig. 10.10 Coronal MRI of a class 2 craniopharyngioma that
predominantly occupies the retrochiasmatic area with extensive
involvement of the hypothalamus.
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Fig. 10.11 Endoscopic endonasal image of forceps removing a
cystic craniopharyngioma located in the sellar region. Care must
be taken to avoid this method of resecting craniopharyngiomas
known to have extensive calcification because of their adherence
to nearby structures, most importantly the optic nerve and the
hypothalamus.

a

series and with this approach in general is the early, relatively high rate of CSF leakage. In recent times, however,
with the advent of the vascularized septonasal flap, the
incidence of CSF leak has decreased significantly.107 Leng
and associates101 have shown that minimal-access endoscopic and endonasal surgery for a craniopharyngioma can
achieve high rates of gross total resection with low rates of
CSF leakage. These authors claim that their results are very
similar to those of transsphenoidal surgery reported in the
past. We have found the endoscopic endonasal route to be
particularly effective for recurrent craniopharyngiomas
when there are remnants in the sella for which a transcranial approach would be rather difficult (Fig. 10.11).

Other Treatments for
Craniopharyngiomas:
Cystic Craniopharyngioma
It is not unreasonable to treat large cystic craniopharyngiomas with cyst-based therapy ab initio, which usually entails inserting a catheter into the tumor and attaching it to
an Ommaya reservoir for repeated aspiration (Fig. 10.12).
This strategy has worked well in several patients, but problems can occur with blockages or infection of the system
itself. Several cystic sclerosing and ablative agents are
available, including bleomycin, α-interferon, and radioisotopes such as phosphorus (32P), iodine (125I), and yttrium
(90Y). We have used bleomycin in cystic craniopharyn
giomas, but because of its neurotoxicity, we now use
α-interferon as the first agent of choice. Cavalheiro and colleagues108 have reported excellent results related to this
technique.

b
Fig. 10.12a,b An Ommaya reservoir is inserted into the cystic
portion of a craniopharyngioma for repeated aspiration as clini
cally indicated. (a) Plain axial computed tomography shows a
cystic lesion with calcifications. (b) The coronal T1-weighted MRI
shows a left convexity extracranial reservoir. Both images show
the catheter tip in place.

Radiation Therapy
Radiation treatment has been used for decades for patients
with craniopharyngiomas. It can stabilize the tumor in 75%
of patients. In the series by Merchant and colleagues,84
limited surgery and radiation therapy were found to be
preferable to radical surgery. Radiation therapy can potentially injure the mesial temporal lobes, and this risk must
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be factored into the patient’s overall neuropsychological
response after treatment as we continue to understand
more about the results of craniopharyngioma treatments.
The experience with stereotactic radiosurgery is accumulating, and this modality appears to be best for small,
solid residuals that are difficult to approach in other
ways.109 The problem with stereotactic radiosurgery is the
relationship between the lesion and the optic nerves, hypothalamus, and cranial nerves. Niranjan and colleagues110
have reported that stereotactic radiosurgery is safe and effective as a minimally invasive option for treating residual
or recurrent craniopharyngiomas. Similarly, Veeravagu and
associates111 showed that the linear accelerator–based cyberknife can also be beneficial in stabilizing disease.

Neuropsychological Effects of
Craniopharyngioma Treatment
There is no question that surgery in the basal forebrain and
the area of the mesial temporal lobes can cause changes
that affect the neuropsychology of a child. A retrospective
review of 20 children from a single center failed to show
any difference in neurobehavioral dysfunction at 36 months
between patients undergoing partial resection and those
undergoing gross total resection.112 Carpentieri and associates113 reported that craniopharyngioma patients had difficulty retrieving learned information. Memory recall was
also disturbed in these children. A study from a series at
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our institution showed a decline in immediate verbal and
visual memory in some children, and a slight diminution
of the intelligence quotient in a prospective series.85 It is
important that families are made aware of the long-term
side effects of treatment, not only in terms of cognitive
changes but also of the potential to develop vascular malformations such as moyamoya disease, cavernomas, or secondary malignancies.

Conclusion
Can we predict which patients will do well and which will
have difficulties after radical excision using data obtained
preoperatively from our patients? The answer today is
probably yes, and this answer hearkens back to the study
by Puget and colleagues96 and the role of the hypothalamus in this condition. Careful analysis of the preoperative
imaging studies with fine cuts in the coronal plane can
help the physician determine whether these lesions should
be approached and, if so, what the anticipated morbidity
might be with radical resection. Neurosurgeons are urged
to carefully review all such data so that the best decisions
can be made for their patients. Future research should
focus on identifying markers for establishing prognostic
factors, the long-term quality of life, supplementary outcome studies of patients undergoing subtotal resection
complemented with cranial radiation, and novel pharmacological treatments.
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Chapter 11

Resection of Gliomas in Eloquent
Areas of the Brain

Case
A 35-year-old woman came to medical attention for a recent onset of seizures and headaches.

Participants
Glioma Resection in an Awake Patient with Cortical Stimulation: Mitchel S. Berger and Nader Sanai
Optimal Resection of Insular Glima with Image-Guided Technologies: Sanju Lama, Stefan Wolfsberger, and
Garnette R. Sutherland
Glioma Resection in Eloquent Areas: Anatomical Basis and Resection with Tractography Studies: Uğur Türe
and Pablo González-López
Moderator: Insular Tumors: Allan Friedman
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Glioma Resection in an Awake Patient with Cortical Stimulation
Mitchel S. Berger and Nader Sanai
The insular region remains one of the most challenging
locations for aggressive resection of both low-grade and
high-grade gliomas.1–12 These tumors are entrenched in
eloquent tissue and surrounded by microvasculature that
serves critical language and motor systems.13,14 Moreover,
the insula itself is implicated in a variety of cognitive functions, including memory, drive, affect, gustation, and olfaction.15–17 Given the potential involvement (and impairment)
of these essential neural networks, controversy persists as
to which treatment strategy is appropriate for patients
with insular gliomas and how intervention can have an
impact on patient outcomes. Although observation, stereotactic biopsy, radiosurgery, and microsurgical resection have
all been proposed,18–20 none has been studied in comprehensive detail in patients with insular gliomas. Insular gliomas are not rare, and, according to a recent epidemiological
study by Duffau and Capelle,21 account for up to 25% of all
low-grade gliomas and 10% of all high-grade gliomas.
As we recognize the eloquence and complexity of the
insular anatomy, we discern that insular gliomas can be
distinguished from other gliomas in several respects. As
suggested by epidemiological data, there is a clear propensity for low-grade histology that is unique to the insula.
Although the etiologic cause of this predisposition is not
yet understood, this phenomenon may indicate a particular microenvironment within the insula or address the very
nature of the glioma cells of origin propagating these tumors. Additionally, many patients harboring these tumors
experience a prolonged and slowly progressive clinical
course that is generally less aggressive than patients with
similar lesions in other locations. Among tumors with both
low- and high-grade histologies, this unpredictable natural
history is characteristic of insular gliomas. Recent analysis,
however, suggests that an insular glioma’s predilection for
malignant transformation can be altered with aggressive
cytoreduction.22

Case Discussion
Clinical Presentation
The patient’s history provides important information regarding the likely diagnosis of the tumor, and the neurologic examination can reveal the lesion’s location. Together
with imaging, the history and physical examination are
the foundation on which the perioperative assessment is
established.
Patients with insular gliomas often come to medical
attention because of an ictal event (seizure), a change in
functional capacity (paresis, vision changes, etc.), or headache and cognitive impairment (increased intracranial
pressure). The speed with which these problems evolve is
often proportional to the aggressiveness of the tumor (e.g.,

a rapid evolution of signs portends a rapidly growing lesion). However, slow-growing or low-grade lesions can
remain clinically silent until they reach a critical size, at
which time small changes in tumor volume can generate
dramatic neurologic symptoms. Because the chronicity of
the history gives some indication of the anticipated growth
rate of the tumor, it is very important to inquire about signs
and symptoms that may be considered unremarkable or
unrelated by the patient.
It is not uncommon, particularly in patients with lowgrade insular gliomas, that symptoms precede identifi
cation of the tumor by many years. The most common
undetected sign of a tumor is a partial seizure. Clues that
suggest partial complex seizures include a history of problems in school or unexplained learning disabilities. A careful assessment of the patient’s academic history or work
performance can uncover early evidence of a tumor that
remained undetected. A change in function or capacity to
perform at a consistent level may be misinterpreted as the
result of stress or inattention when, in fact, the impairments may be the result of partial seizures. In addition, the
rapidity with which signs and symptoms evolve gives an
indication of how quickly intervention is needed. Progressive changes in functional capacity or altered consciousness are indications for more rapid intervention.
Seizures are the most common sign of a tumor in patients with low-grade gliomas and are the first sign of a
tumor in 80 to 90% of these patients. Because most of these
tumors expand slowly, subtle changes in functional capacity are commonly overlooked or accommodated by the patient, and it is an ictal event that is the first indication of a
structural problem. Progressive neurologic deficits occurring over a few days to weeks are more common in patients
with high-grade gliomas. A more rapidly expanding mass
lesion produces focal neurologic signs that bring the patient to medical attention.

Neurosurgical Management Paradigms
Once a diagnosis of insular glioma is suspected, surgical
priorities should be directed toward establishing a diag
nosis, relieving tumor mass effect, and maximizing cyto
reduction. Surgical options for insular gliomas are limited
to a biopsy versus resection. Stereotactic needle biopsy can
obtain tissue for diagnostic purposes, but there is a risk of
sampling error. In one recent study, overgrading of World
Health Organization (WHO) grade II tumors occurred in
11% of cases and undergrading of WHO grade III gliomas
in 28%.23 Thus, histopathological diagnosis of gliomas with
only stereotactic biopsy comes with a substantial risk of
inaccuracy, particularly for tumors with low proliferative
activity or for mixed gliomas. At present, the indications
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for a biopsy in a patient with a presumed insular glioma
are a diffuse lesion, such as gliomatosis, and the patient’s
inability to undergo a definitive operation for medical
reasons.
Microsurgical corridors to the insula include transcortical and transsylvian routes.1,3,4,6,13,19 For select lesions, a
transcortical “plus” operation allows the combined use of
transcortical and transsylvian routes through a small split
in the sylvian fissure. In a recent study comparing operative
approaches to temporal mediobasal tumors, the transsylvian approach was associated with the highest combined
rate of neurologic morbidity.19 A transsylvian route may be
effective, but the risk of vascular injury and pial transgression during the course of exposure is not insignificant. To
illustrate this point, a recent retrospective study of patients
with insular gliomas treated at a single center noted that
the transition from transsylvian to transcortical approaches
was associated with a concomitant decline in neurologic
morbidity.6 Nevertheless, the literature remains inconclusive for purely insular lesions, and therefore the use of a
transcortical “windowing” technique or a transsylvian fissure split is a valid option.
The tumor’s location and the patient’s hemispheric dominance determine the selection of either general or awake
anesthesia. Our protocol for awake neuroanesthesia has
been previously described.24 Patients are placed in a semilateral position with the head parallel to the floor. For tumors occupying the posterior aspect of the insula, turning
the patient’s head 15 degrees upward allows for tumor resection underneath the lip of functional cortex overlying
the posterior insula. The vertex of the head is tipped 15
degrees toward the floor or toward the ceiling when the
tumor is predominantly below or above the sylvian fissure,
respectively (Fig. 11.1). After a tailored craniotomy, cortical
and subcortical language are assessed and motor and sensory mapping are conducted as needed and according to
previously reported protocols.24 Once functional areas have
been identified, transcortical windows above and below
the sylvian fissure are created through nonfunctional cortex, taking care to maintain at least a 1-cm margin from

179

any functional language site. For motor sites, however, the
1-cm rule need not apply. This “windowing” technique allows for tumor resection along the course of the uncinate
fasciculus, generating suprasylvian and infrasylvian resection cavities that are eventually connected to one another
underneath the skeletonized sylvian vessels (Fig. 11.1).
Finally, identification of the lenticulostriate arteries25 and
motor mapping of the internal capsule 26 allow for delineation of the medial border of resection in most cases.

The Berger-Sanai Insular Glioma
Classification System
For each patient, the insula can be divided into four zones
and the tumor’s location can be assigned to one or more
of these zones (Fig. 11.2). Along the horizontal plane in a
sagittal view, the insula is first bisected along the sylvian
fissure. A perpendicular plane is then intersected with this
at the level of the foramen of Monro. The resultant quadrants (anterior-superior, posterior-superior, posterior-inferior, and anterior-inferior) are designated zones I, II, III, and
IV, respectively (Fig. 11.3). Tumors that occupy more than
one zone are noted as such (e.g., zone I + II). When the
tumor occupies all four zones, these insular gliomas are
defined as “giant.”
The anterior zones of the insula most frequently harbor
insular gliomas. An analysis of the extent of resection, however, confirms that these zones are also most amenable to a
greater extent of resection.22 In contrast, more posterior
lesions, such as those of zone II (posterior-superior), are
associated with a lower mean extent of resection, likely
because of their close proximity to the rolandic cortex, inferior parietal language sites, and the posterior limb of the
internal capsule. Nevertheless, with the appropriate use
of cortical and subcortical motor and language mapping
techniques, a mean extent of resection of 67.4% can be
achieved for zone III insular gliomas and a greater than
95% extent of resection for tumors in zone I.22 Overall, it is
feasible to aggressively resect gliomas of all grades in the
insula, and the morbidity profiles reported in recent years

a

b
Fig. 11.1a–e The patient’s position and microsurgical technique for transcortical resection of insular gliomas. For tumors primarily
below the sylvian fissure, the head is tilted 15 degrees below horizontal (a), while it is tilted 15 degrees above horizontal (b) for tumors
primarily above the sylvian fissure. (continued on next page)
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c

d

Fig. 11.1a–e (continued) After cortical mapping identifies areas
of nonfunctional cortex, a series of cortical windows (c) is made
above and below the sylvian fissure. (d) Tumor resection traces
the course of the uncinate fasciculus, eventually connecting
the suprasylvian and infrasylvian windows. (e) Lenticulostriate
arteries are identified at the medial margin of resection, along
which the internal capsule can be subcortically stimulated. MCA,
middle cerebral artery. (From Sanai N, Polley M-Y, Berger MS:
Insular glioma resection: Assessment of patient morbidity, survival, and tumor progression. J Neurosurg 112(1): 1–9, 2010.
Reprinted by permission.)

e

indicate that this can be done relatively safely and without
the neurologic morbidity that detracts from the quality of
life.6,9,22,27

Outcomes Analysis
The heterogeneous nature of gliomas is evidenced by the
diversity in histology, genetics, and locations exhibited by
these tumors. Our experience with insular gliomas suggests
that this particular subtype behaves differently from tumors of a similar grade located elsewhere. Specifically, gliomas located in the insula are associated with a prolonged
clinical course characterized by comparatively longer intervals of overall survival and progression-free survival.
In recent studies of grade II and III gliomas in all locations,
the median times to progression were 5.5 years28 and 2.1
years,29 respectively. Comparatively, patients with grade II
and grade III insular gliomas described in recent work
have had longer progression-free survivals.22 The magnitude
of difference, however, remains unclear, as most published
studies have an insufficient duration of clinical follow-up.
Nevertheless, such a unique natural history applies to
grades II, III, and IV insular gliomas, raising the possibility
that the insular microenvironment, a shared histopatho-

logical trait, or a combination of the two may be driving
this clinical behavior.
Aggressive resection, however, cannot be advocated
without evidence of an improved outcome. This remains
one of the most challenging dilemmas in neurosurgical
oncology, as much controversy surrounds the value of a
greater extent of resection for gliomas.30 In some studies,
however, focusing the analysis on a homogeneous subset
of gliomas reveals the unambiguous value of greater resection.31 Whether this indicates the heterogeneity of gliomas
or that certain subtypes are more amenable to resection
remains unknown. Nevertheless, among purely insular gliomas, a statistical correlation between greater extent of resection and critical patient outcome parameters, including
overall survival, progression-free survival, and malignant
progression-free survival, has been shown.22 This relationship exists among both low-grade and high-grade gliomas,
consistent with the hypothesis that insular gliomas, irrespective of grade, follow an indolent clinical course that
can be positively affected by aggressive resection. We recently reported that the interval to malignant progression
among grade II insular gliomas is longer for patients who
have had greater resection.22 The biological basis for this
alteration remains unclear, but may be related to the vol-
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Fig. 11.2a–c The Berger-Sanai insular glioma classification system. (a) Zones I to IV are divided along the
line of the sylvian fissure and a perpendicular plane
crossing the foramen of Monro. (b) The tumor’s location is determined according to the location of the majority of the tumor mass. (c) Axial illustrations of zones
I and IV, located anterior to the foramen of Monro, and
zones II and III, located behind the foramen of Monro.
(From Sanai N, Polley M-Y, Berger MS: Insular glioma
resection: Assessment of patient morbidity, survival,
and tumor progression. J Neurosurg 112(1): 1–9, 2010.
Reprinted by permission.)

a

b

c

ume of residual tumor as a predictor of malignant transformation.29 Given the dramatic differences in clinical
behavior and outcome between grade II and III gliomas,
this represents a potential shift in our concept of aggressive
glioma resection. The ability to manipulate the natural history of these tumors makes a case for earlier intervention
in the microsurgical treatment of insular gliomas and argues against the validity of a simple biopsy or a “wait-andsee” approach.

Conclusion
For the neurosurgeon, insular gliomas represent an opportunity to intervene and have an impact on outcome in several ways. Aggressive resection of insular gliomas of all
grades can be accomplished with an acceptable morbidity
profile and is predictive of an improved overall survival and
progression-free survival. The extent of resection has been
increasingly shown to correlate with an improved outcome,
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Fig. 11.3 Preoperative T2-weighted axial and T1-weighted sagittal magnetic resonance imaging (MRI) for zones I to IV of the
Berger-Sanai insular glioma classification system. Giant tumors
are those that occupy all four zones. (From Sanai N, Polley M-Y,
Berger MS: Insular glioma resection: Assessment of patient morbidity, survival, and tumor progression. J Neurosurg 112(1): 1–9,
2010. Reprinted by permission.)

as well as with better seizure control and reduced malignant transformation rates. Neurologic morbidity can be
minimized by combining traditional transcortical or trans-

sylvian neurosurgical approaches with intraoperative stimulation mapping to identify functional and nonfunctional
sites in and around the insula.

Optimal Resection of Insular Glioma with Image-Guided Technologies
Sanju Lama, Stefan Wolfsberger, and Garnette R. Sutherland
The management of insular gliomas remains controversial
primarily because of the relationship of the tumor to adjacent vessels and eloquent brain, resulting in various
therapeutic options including observation, biopsy, subtotal
resection, and resection with a volume reduction of greater
than 90%. Observation has been recommended as insular
gliomas have been found to generally follow a slow and
protracted course. Because of the heterogeneous nature of
gliomas, conventional magnetic resonance imaging (MRI)
with contrast enhancement may underscore its true grade.
Up to 10% of nonenhancing low-grade gliomas are subse-

quently classified as high grade.32,33 Although subtotal resection is accompanied by a decreased operative risk, it
may not have an impact on the patient’s outcome or the
tumor’s progression to a higher grade.
There is a growing consensus that the extent of resection correlates with an improved outcome for patients with
both low- and high-grade tumors and that gross total resection of a low-grade glioma decreases the probability of its
malignant transformation.22,28,30,34,35 Several groups have
shown that low-grade insular and hemispheric gliomas can
be safely approached, with a volumetric surgical resection
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of greater than 90% often achieved. Furthermore, investigators have suggested that the extent of resection of insular
gliomas, irrespective of the grade, correlates with an improved outcome. However, because of the absence of randomized controlled clinical trials, establishing a definitive
guideline for operative management remains controversial.
Nevertheless, surgical excision is currently the preferred
treatment option. Given the current evidence, maximal
cytoreduction with the preservation of neurologic function
can be considered the goal of modern glioma surgery.

Technological Advances in
Glioma Surgery
Over the past decades, several surgical advances have made
safe resection of these complex tumors feasible. These
advances include pharmacological brain decompression,
physiological monitoring of the speech cortex and motor
tracts, awake craniotomy, improved instrumentation, surgical planning with advanced MRI sequences including
functional magnetic resonance imaging (fMRI) and diffusion tensor imaging (DTI), surgical navigation based on optical or electromagnetic tracking, intraoperative magnetic
resonance imaging (iMRI) to correct for brain shift, and,
more recently, image-guided robotic technology for improved precision and accuracy.
Magnetic resonance imaging technology has been transported into the operating room to improve the intraoperative localization of lesions and control resection.36–39 These
systems were initially of an open configuration and contained relatively low field magnets. Signal-to-noise and
contrast-to-noise ratios have improved with the evolution
of iMRI systems to higher field magnets, which are not
open. These closed systems interrupt surgery for imaging
and are therefore generally used to evaluate the extent of
surgery rather than to guide it. Despite this challenge, unsuspected residual tumor has been reported in up to 50%
of cases in which MRI was used during dissection.40 In a
recent randomized clinical trial, the extent of resection and
outcome were better in patients with gliomas treated with
iMRI compared with conventional microsurgery.41 Furthermore, iMRI together with multimodal neurophysiological monitoring have been shown to allow an extended
and safe resection of gliomas near eloquent cortex.42 In another study, among 89 patients with insular gliomas randomized to either microsurgery with iMRI or microsurgery
alone, the extent of resection was greater in the iMRI-withmicrosurgery group compared with the microsurgery-only
group.43 These studies indicate that the extent of resection
is greater when using iMRI.
In an effort to increase the precision and accuracy of surgery, robotic technologies are being developed and merged
with microsurgery,44–48 and recent advances have initiated
remote surgery with sensory immersive capabilities.49,50
Posted at a workstation, the surgeon is able to take full advantage of imaging data while carrying out microsurgical
dissection.
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Patient Evaluation
The patient presented in this chapter is a 35-year-old woman
with a recent onset of seizures and headache. It is assumed
that her neurologic examination is unremarkable and that
she is being treated with antiseizure medication. MRI studies show a large left nonenhancing cystic insular lesion
consistent with a glioma (see images in the case description). The lesion spares the basal ganglia. The absence of
significant contrast enhancement favors the diagnosis of a
low-grade lesion.
It is recommended that the patient proceed to open surgery for definitive tissue diagnosis and gross total resection
of the lesion. For surgical planning, further MRI studies are
advised. The iMRI and image-guided robotic technology can
be used to maximize safety and the extent of resection. For
this patient, the goals of surgery are as follows:
•
•

•

To obtain a definitive histopathological diagnosis for
treatment planning
To achieve maximal surgical resection of the tumor
while preserving language and motor functions, which
will improve the outcome, delay progression, and delay
malignant transformation
To potentially alleviate seizures and headache

Treatment Strategy
Surgical Approach
Surgical Anatomy of the Insula
Gliomas of the insular region pose a considerable surgical
challenge relating to neural connectivity and vascular structures critical to language and motor function. Precise anatomic knowledge of the insula forms the foundation of
surgical planning.
The insula is a well-defined anatomic structure buried
deep within the sylvian fissure, covered by frontal, parietal, and temporal opercula.51 It is triangular in shape, with
the margin formed by the circular sulcus that is anatomically divided into anterior, superior, and inferior limiting
sulci. There are two surfaces of the insula—anterior and
lateral. The fronto-orbital operculum covers its anterior surface, whereas the lateral surface is covered by the frontoparietal operculum superiorly and the temporal operculum
inferiorly.
Phylogenetically, the surface of the insula consists of
mesocortex situated between the allocortex medially and
the isocortex laterally. The allocortex consists of the amygdala and hippocampus, whereas the isocortex comprises
the neocortex.51 The vascular supply originates from 8 to
12 branches of the M2 segment of the middle cerebral artery.52 The limen insulae, where the insular cortex is in
continuity with the frontal operculum, is supplied by distal
M1 branches and occasionally from the middle cerebral
artery bifurcation. The insular arterioles supply the cortical and subcortical areas of the insular gyri and extreme
capsule but not the external capsule, putamen, globus pal-
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lidus, or the internal capsule. This information is important, and with this knowledge the surgeon can perform
coagulation with division of these arteries for tumor removal. The lenticulostriate vessels may be markedly displaced but they provide an important anatomic landmark
during surgery, and they must be preserved.26,53
The normal insular cortex has been recognized for interoceptive awareness, that is, sensing the physiological condition of the body.54 Functional MRI in humans has shown
the insula and anterior cingulate cortex to be the critical
and sole substrates for such awareness, and therefore to be
important in representing the visceral state of the body.55
Apart from language functions and sensorimotor integration, this region also accounts for cognitive and emotional
processing; gustatory, auditory, and vestibular functions;
and neuropsychiatric disturbances. Although data about
the connectivity of the insula is sparse, DTI studies have
shown important structural and functional connectivity.56
The ventral-most anterior insula is functionally interconnected to the rostral anterior cingulate cortex, the middle
and inferior frontal cortex, and the temporoparietal cortex.
The dorsal posterior insula is connected to several cortical
regions, such as the dorsal posterior cingulate, premotor,
supplementary motor, temporal, and occipital cortical
areas. Thalamic projections to and from the insula remain
less clear in human studies, unlike in other species in whom
complex, region-specific thalamic projections to both anterior and posterior insula have been described.57
Given the importance of the insula and its anatomic
and functional relationship to the surrounding structures,
it is necessary to obtain detailed preoperative clinical and
imaging data on the patient before planning surgery. This
information will help not only in planning the surgical resection of the lesion but also in anticipating potential complications for an optimal resection and outcome. With the
appropriate use of technologies, surgical intervention can
provide a definitive diagnosis of both the tumor type and
grade and will decrease this patient’s almost certainly elevated intracranial pressure, ultimately improving outcome.

Complementary Imaging
As part of the strategy for gross total tumor resection, diagnostic MRI studies are complemented with fMRI to delineate the speech and motor cortex.58,59 From these regions of
interest, a 3D DTI tractography is reconstructed to visualize
the relationship of important fiber tracts that relate to the
lesion6: the arcuate fasciculus, which is located in proximity to the superior limiting insular sulcus, and the corticospinal tract within the posterior limb of the internal capsule.
By fusing the data available from these complementary
imaging studies, the surgeon can outline the preoperative
planning of the approach and the extent of resection.
It is probable that this chapter’s patient has some bi
lateral representation for speech, given the location of
the tumor and her sex.60,61 Although not anticipated, fiber
tracts within the neoplasm would limit tumor resection.62

Integration of the intraoperative imaging studies with the
NeuroArm navigation system (IMRIS, Inc., Minneapolis,
MN) further validates the accurate registration of the lesion’s location and the associated anatomy of functional,
vascular, and fiber tracts that are instrumental for safe
resection.
Brain shift during surgery invalidates the navigation
technology used for preoperative images.63–65 Although
three-dimensional reconstruction of fiber tracts provides
an excellent pictorial representation of the otherwise not
visible fiber pathways and direction within the white matter, there remains a variable degree of uncertainty as to a
real-time verification of such pathways. In other words, are
the fiber tracts in real time where they appear to be on
images? If so, what is the margin of error for a fiber tract
representation in DTI and real time?
Authors of cortical and subcortical stimulation studies,
using a current intensity ranging from 2 to 8 mA, have reported the safe detection of fiber tracts at approximately
a 5-mm distance from the site of stimulation.66 In particular, investigators have shown the precise and alternate resection of thin tumoral layers with electrophysiological
stimulation to detect pathways such as the pyramidal tract
posteromedial to or the arcuate fasciculus superomedial to
the lesion.66,67 It has also been shown that the medial border of the resection is defined by the presence of the lenticulostriate arteries and functionally by the detection of
the internal capsule and the pyramidal pathways.

Detecting Anaplastic Foci
Originating as histopathological low-grade tumors, gliomas have an inherent tendency to progress to malignant
high-grade tumors over time. This progression originates
in a localized tumor area because of focal genetic changes
and causes the well-known tissue heterogeneity of gliomas.68 Therefore, tissue sampling during open surgery may
miss such an “anaplastic focus” in a large, otherwise lowgrade tumor and delay the implementation of postoperative radiation and chemotherapy.
Identifying an anaplastic focus within a low-grade glioma is mandatory for tissue sampling. To accomplish this
task, the following visualization modalities have been
suggested:
•

•

Magnetic resonance tomography shows areas of significant contrast-enhancement on T1-weighted MRI to indicate focal malignant progression and is routinely used
to target tissue sampling. Most insular gliomas are nonenhancing; however, they may show the foci of a higher
grade tumor.
Magnetic resonance spectroscopy enables the intratumoral detection of the most malignant areas through
the display of metabolite distribution. Proton magnetic
resonance spectroscopy has been found especially useful for diffusely infiltrating gliomas with nonsignificant
contrast enhancement.69 The typical metabolite profile
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•

•

of glioma tissue includes an increased choline peak (resulting from elevated turnover of the cell membrane), a
decrease in N-acetylaspartate (because of impaired neuronal function), and a reduction in creatine (stemming
from the hypermetabolic state).70 Multivoxel spectroscopy, termed chemical shift imaging, has been successfully used for navigation-guided tissue sampling of the
most malignant areas of gliomas.
Positron emission tomography that uses amino-acid
tracers such as 42C-methionine or 18F-fluoroethyl-Ltyrosine is an established modality for imaging malignant foci in diffusely infiltrating gliomas. These images
can be used to define the target for neuronavigation systems that guide tissue sampling.33
Five-aminolevulinic acid (5-ALA), a precursor of the porphyrin synthesis pathway, has been found to accumulate in malignant glioma cells as strongly fluorescing
protoporphyrin IX.33 Generally, if open neurosurgical
resection of a low-grade glioma is attempted, the progressive brain shift usually renders navigation inaccurate and, consequently, precise tissue sampling becomes
impossible. Incorporating 5-ALA into the procedure
provides a more reliable intraoperative technique for
visualizing anaplastic foci independent of brain shift.
This compound can be excited with a violet-blue light
source at 440 nm, and the resulting fluorescence at 635
nm then displays the anaplastic focus in an otherwise
low-grade glioma. A recent study suggests that 5-ALA
is a promising intraoperative marker for anaplastic foci
in diffusely infiltrating gliomas with nonsignificant contrast enhancement on MRI independent from brain shift.

We recommend that the surgeon take full advantage of
this variety of imaging modalities as well as other technolo-

Fig. 11.4
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gies that will benefit neurosurgical planning and intervention. A high-field movable 3.0 T iMRI system, robot-assisted
neuronavigation, and image-guided microsurgery with
electrophysiological monitoring present a safe multimodal
method for the surgical treatment of insular lesions. This
approach provides both a mechanism for maximum control of resection and a more comprehensive framework for
preserving the patient’s neurologic function and quality
of life.

Operative Management
After the patient is positioned and anesthesia is induced,
images are acquired for surgical planning at the iMRI suite
(Fig. 11.4). These images—T1-weighted with contrast enhancement, T2-weighted, and DTI—are used for robot neuronavigation. Fusing the images facilitates the concurrent
display of anatomic and functional information (with DTI
tractography and fMRI) to set electronic tumor boundaries
and no-go zones (Fig. 11.5) together with metabolic imaging data to assess and target an anaplastic focus.
A left frontotemporal craniotomy is performed in the
usual fashion. The dura is opened in a cruciate manner to
expose the sylvian fissure and the adjacent frontal and temporal opercula. The left sylvian cistern is opened to allow
brain decompression.
At this stage of the procedure, the robot is brought to
the surgical site and re-registration is done (Fig. 11.6). Robotic dissection complemented with an assisting surgeon
begins within the left sylvian cistern, and the M1 and M2
segments of the middle cerebral artery are defined together
with the lenticulostriate and insular branches. Branches
to the insula arising from the M2 segment are coagulated
and divided. The tumor is entered at the predefined target

Surgical planning for intraoperative MRI, showing the magnet moved into position over the patient.
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Fig. 11.5 MRID display for the NeuroArm showing the electronic surgical corridor. Robotic instruments are able to be manipulated
only within the preset corridor.

point and initial biopsy specimens are obtained from the
pre-registered areas of highest metabolic activity and sent
to the lab for histopathology analysis, including frozen section. The tumor is debulked starting from the central aspect of the neoplasm with the aid of the robotic suction
tool (Fig. 11.7). At progressive stages of the procedure, the
robot and microscope are removed from the operative site
and the magnet is returned for interdissection T1-weighted,
T2-weighted fluid-attenuated inversion recovery (FLAIR),
and DTI magnetic resonance imaging studies. Once these
data are obtained, the magnet is removed from the operating room and re-registration to the updated images is done.
Dissection continues out toward the tumor–brain interface
defined on the MRI studies. As dissection approaches the

Fig. 11.6

corticospinal tract visualized on DTI tractography, the
margin of safety is assessed with subcortical electrical
stimulation. Resection is limited upon attainment of motor
stimulation with 5 to 7 mA.71,72

Discussion
The surgical treatment of gliomas in eloquent cortex has
remained controversial, with recent meta-analysis data
supporting extensive resection.30 The anatomic location
of the lesion, however, poses a significant challenge in
preserving function, specifically in relation to speech and
motor power. After a thorough preoperative workup, a representative tissue biopsy of the lesion and the intent to

Registration of the NeuroArm to intraoperatively acquired MRI studies.
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The NeuroArm performing surgery. The right arm holds a bipolar forceps and the left a suction tool.

carry out maximum resection are currently considered the
goals of modern glioma treatment. The use of important
surgical adjuncts—intraoperative electrophysiological monitoring and precise and accurate microsurgical techniques
such as MRI-compatible surgical robots—maximizes resection and functional outcome concurrently. Such technology incorporates a high level of finesse and dexterity into
the surgical procedure, which is essential for the optimal
management of insular gliomas.
Interdissection MRI enables a near real-time assessment of brain shift as resection progresses. In a patient
with an insular glioma, this is especially important because
the surgeon relies on MRI-based cues to resect residual
tumor, as visual and haptic feedback is somewhat limited
within the white matter. As the surgeon approaches the
tumor margin, intraoperative electrophysiological monitoring adds to the safety of the resection by providing important information about the integrity of white matter
tracts as well as the proximity of these tracts to the surgical
dissection.
The workstation allows the surgeon to take full advantage of imaging data during surgery. The workstation is
completed by a robotic system that allows the surgeon to
remotely perform the operation and effectively communicate with the surgical team. A combination of the improved
precision and accuracy of the machines together with the
dexterity and speed provided by the assistant surgeon optimizes the performance of surgery.
In a retrospective review of 104 patients with a lowgrade glioma of the insular region, the extent of resection
correlated with a progression-free interval.22 This interval
was defined as the time between initial surgery and the
demonstration of an unequivocal increase in tumor on

follow-up imaging, malignant progression, and/or death. In
patients who underwent extensive resection (> 90%), malignant transformation of the tumor (selected for patients
with grade II gliomas) was delayed, as shown by radiological enhancement on follow-up imaging studies, histopathological diagnosis of a higher grade on subsequent surgery,
or both. Furthermore, extensive tumor resection has been
shown to prolong the median time to disease progression.28,29 It is important, however, to reiterate the notion
that a lack of enhancement on MRI studies does not establish a definitive diagnosis of a low-grade lesion. The existing literature shows no definitive consensus on whether
the extent of resection improves the patient’s survival and
quality of life. Current evidence from insular glioma surgery, however, provides mounting evidence for maximum
resection.22,30,66
Seizures are one of the most common presentations of
low-grade gliomas, and intractable seizures are observed
in 10 to 20% of patients.73–75 In insular gliomas, which make
up approximately 15% of low-grade gliomas, seizures are a
predominant presenting feature and greatly impair the patient’s quality of life. One of the main indications for surgical removal of this lesion is therefore to render the patient
free of seizures. The mechanism behind seizure activity
and treatment strategies remains largely unknown.76,77 Despite the technical challenge pertinent to the insula and
the variable tumor grade, surgical removal has been shown
to benefit this cohort of patients. In this context, we believe that removing an insular glioma should alleviate a
patient’s seizures.
The technique of language mapping historically evolved
from epilepsy surgery, in which a large exposure allowed
extensive mapping of multiple cortical regions for language
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and motor functions before surgery as well as intraoperatively through awake craniotomy.78,79 A similar technique is
widely used in surgeries related to lesions of the dominant
hemisphere. Brain tumors have considerable topographic
variability because of mass effect and functional reorganization that takes place over time through inherent plasticity
mechanisms.66,80 Furthermore, individual variation among
patients in their language representation, whether lateralized or bilateral, cannot be emphasized too greatly. Therefore, the surgeon must take into account the various fMRI
evidence of language function areas near the tumor tissue
while planning the surgical resection. Irrespective of tumor
type, the use of intraoperative cortical and subcortical stimulation to accurately detect functional regions and pathways
remains a key factor in the safe removal of insular gliomas of
the dominant hemisphere. Although an awake craniotomy
allows the surgeon to assess and preserve these functions,
a combination of image guidance, iMRI, and electrophysiological monitoring is preferred in the anesthetized patient.
Surgical planning based on multimodal imaging, together
with a fusion of technologies for precise and accurate excision of the target, can help the surgeon achieve the therapeutic goal of gross total resection. Although the possibility
of functional brain tissue within the lesion remains a matter of debate,62 continuous electrophysiological stimulation
can potentially alleviate the risks of unwanted injury.

Earlier in the disease progression, insular lesions can
be typically infiltrative in nature. As the disease progresses,
however, it tends to displace structures, thus allowing
more room for central debulking.81,82
A considerable number of patients have new neurologic
deficits after an attempt at maximum surgical resection of
insular gliomas.30,83 This has been observed despite the use
of electrophysiological monitoring, and is in part because
of maximizing the resection to the functional boundaries
intraoperatively. If such boundaries are respected with the
application of modern surgical technology, such deficits
can be expected to be transient and reversible. It is therefore important to include these variables in a neurologic
rehabilitation management plan.
From what is currently known about insular gliomas and
their surgical management, the indication for surgery for
tissue diagnosis is apparent. The extent of resection for maximum benefit in terms of clinical outcome, such as tumor
progression, malignant transformation, the propensity for
seizures, and overall survival, remains a matter of debate
and discussion. The general incidence of insular gliomas is
relatively low, but the technical and surgical challenges of
carrying out such resections are profound. Although the evidence appears to support the surgical resection of such a
lesion, the complex nature of the disease warrants referral
to neurosurgical centers of excellence for the best outcome.

Glioma Resection in Eloquent Areas:
Anatomical Basis and Resection with Tractography Studies
Uğur Türe and Pablo González-López
The available imaging studies for the patient presented in
this chapter indicate a nonenhancing intrinsic mass located
in the anterior aspect of the left insula, showing paramagnetic features of hypointensity on the T1-weighted MRI
sequence and hyperintensity on the T2-weighted sequence.
The lesion spares the adjacent temporal, fronto-orbital, and
frontoparietal opercula, and has a clear border with the
putamen, which is pushed medially and posteriorly. The
internal capsule, primarily the anterior limb, is also
moved posteromedially. The clinical and radiological findings strongly suggest the diagnosis of a left insular, possibly
low-grade, glioma.

Low-Grade Gliomas in Eloquent Areas
Brain tumors in eloquent areas present a great challenge
for neurosurgeons because of the difficulty in removing
them without causing neurologic disturbances. The integral management of these lesions entails using a variety

of elements in an optimal perioperative approach: diagnostic and preoperative functional techniques, a clear understanding of neuroanatomy, intraoperative monitoring,
and appropriate microsurgical technique. These elements
all contribute to increasing the surgeon’s experience and
anatomic knowledge, which are the only constant tools.
In our experience, and supporting Yaşargil’s findings,
gliomas do not originate from highly functional areas such
as the motor or primary visual cortex (Brodmann areas 4
and 17). These tumors mainly affect eloquent regions by
directly compressing the surrounding areas.
Complete surgical resection seems to be the best treatment for low-grade glial tumors.29,30,84–86 Until new treatments are developed, the cytoreduction provided by surgery
will be of value because it collects material for diagnosis
and research, alleviates both neurologic and irritating impairments (as well as symptoms of intracranial hypertension), and increases the time to malignant progression.22,30
Following this line of reasoning, evidence supports the idea
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of resecting the largest possible volume of tumor.30,87–89 But
the price to pay for such radical resection may be an increase in morbidity, a fact that is most important when eloquent areas are involved. To combat this problem, a great
number of imaging, neurophysiological, neurochemical,
and surgical techniques have been recently developed and
incorporated into the general management of these tumors, with the ultimate objective of optimizing the resection and extending it to the maximum while minimizing
the eventual associated morbidity.90–92
Nevertheless, the diagnostic and therapeutic armamentarium for gliomas should never obscure or replace the surgeon’s strong knowledge of neuroanatomy. In the human
body, especially in the brain, pathology follows the anatomy, and neurosurgeons should therefore accurately study
the different cerebral functional compartments. After observing and treating thousands of gliomas, Yaşargil and his
colleagues introduced the concept of functional units. He
argued that gliomas tend to initially develop in a single
functional unit, pushing away the surrounding compartments according to the location where they grow. This
general behavior seems to apply to almost all low-grade
lesions and to high-grade gliomas during their initial stages.
However, recurrent, irradiated, and high-grade lesions in
advanced stages may transgress the borders of those functional compartments, a fact that reinforces the importance
of a total resection during the first procedure.
In general, the term eloquent area in the human brain
refers to those regions with clearly demonstrated high functionality, where surgical or pathological disruption will unfailingly lead to neurologic impairment. This definition of
eloquence is misleading, however. In this sense, many territories that are not considered eloquent may require surgical corridors related to highly functional compartments, as
well as neighboring vascular structures feeding distant eloquent regions. In this perspective, eloquent regions should
include motor, speech, and visual cortical areas with their
white matter pathways, such as the pyramidal tract, superior longitudinal fasciculus (SLF), and optic radiation, and
also the central nuclei such as the thalamus, hypothalamus,
and basal ganglia, and certain regions in the limbic and para
limbic territories, brain stem, and deep cerebellar nuclei and
peduncles. In short, with respect to function, neighboring
anatomy, and surgical approach, most central nervous system lesions can be considered related to eloquent areas.93
The insular region perfectly illustrates this concept.
As it would be too extensive to describe the general surgical management of tumors in the so-called eloquent areas,
we consider the surgery of insular tumors as the perfect
paradigm to illustrate this topic.

The Insula: Anatomic Considerations
In about the fifth month of embryological development, the
cortical shield covering the basal ganglia and outlining the
internal capsule forms the insula. Later on, this primitive
insula begins enfolding in a central position because of
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the disproportionate growth of the adjacent neocortical
areas, and is finally covered by the frontal, parietal, and
temporal opercula. The insula of Reil belongs to the para
limbic system and represents a transitional element between the allocortex and the neocortex of the human brain.
The paralimbic areas are commonly termed mesocortical
because of their intermediate cortical architectonic features, and include the orbitofrontal cortex, insula, temporal
pole, and parahippocampal and cingulate gyri. The gradual
cortical differentiation between the old, and centrally positioned, limbic brain and the new neocortical areas takes the
insula as its anatomic and cytoarchitectural link.94
The insula has connections to and from a large number
of different regions within the human brain, and several
higher functions have been attributed to this hidden structure, such as temperature, touch, fear, conscious desires,
olfactory and gustatory inputs, subjective emotional experiences, the perception of effort during exercise, the regulation of higher cognitive functioning, and the processing of
pain, as well as somatic functions, autonomic regulation,
verbal working memory, and secondary motor and language control.95–99 Since the first insulectomies were done,
however, some controversy has surrounded this area as
a clearly defined functional entity. Surgery in this region
may induce postoperative hemiparesis as well as different
degrees of speech impairment when dealing with the dominant hemisphere. Mutism and apraxia after damage to the
nondominant insula have also been reported. In most of
these cases, however, postoperative pathological examination revealed damage to the surrounding opercular cortex
and corona radiata, probably resulting from opercular and
subcortical involvement of the lesion or direct surgical manipulation of these neural structures and ischemic injury
from manipulation of the branches of the middle cerebral
artery (MCA).98,100–102

The Sylvian Fissure
The insula remains hidden in the depths of the sylvian fissure and forms the medial aspect of the sylvian fossa. To
approach it, the surgeon should open the sylvian fissure
and interopercular sulci. The sylvian fissure is divided into
two compartments. The anterior or sylvian stem runs from
the bifurcation of the internal carotid artery just inferior
to the sylvian vallecula and, following the path of the sphenoid wing, reaches the level of the pars triangularis at the
frontoparietal operculum. It courses between the orbital
gyri and the polar planum in the anterior aspect of the medial surface of the temporal operculum. The place where the
anterior stem becomes the posterior or insulo-opercular
compartment at the level of the pars triangularis is named
the sylvian point, and is an important landmark when splitting the sylvian fissure.
The insulo-opercular section is divided into three main
rami with a common origin at the level of the sylvian point.
The horizontal ramus runs forward between the pars orbitalis and pars triangularis, whereas the ascending ramus
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a

b
Fig. 11.8a–c Lateral view of the left hemisphere of a cadaveric
specimen in which the main anatomic landmarks surrounding the
sylvian fissure are marked. (a) The fronto-orbital, frontoparietal,

and temporal opercula cover the insula. (b) The frontoparietal
operculum has been removed, and the superior surface of the
hidden insula is shown in the depth of the sylvian fissure.

11 Resection of Gliomas in Eloquent Areas of the Brain  

191

c
Fig. 11.8a–c (continued ) (c) A closer view in which the temporal
operculum is being retracted downward to expose the entire surface of the insula. This maneuver provides a better view of the
inferior surface of the insula to the level of the inferior peri-insular
sulcus. Abbreviations in white letters denote sulci and fissures.
ag, accessory gyrus; ahg, anterior Heschl’s gyrus; alg, anterior
long insular gyrus; aps, anterior peri-insular sulcus; ar, ascending
ramus of the sylvian fissure; ascs, anterior subcentral sulcus; asg,
anterior short insular gyrus; cis, central insular sulcus; cs, central
sulcus of Rolando; ds, diagonal sulcus; f2, inferior frontal sulcus;
hr, horizontal ramus of the sylvian fissure; ia, insular apex; ips, inferior peri-insular sulcus; li, limen insula; msg, middle short in
sular gyrus; op, pars opercularis; or, pars orbitalis; pcg, precentral

runs upward, separating the pars triangularis and pars opercularis. The posterior ramus runs backward in a moderate
undulating path toward the supramarginal gyrus, where
it opens into ascendant and descendant terminal limbs.17
The posterior ramus is the longest of the fissure, and represents the cortical translation of the anteroposterior extension of the insula. It runs from the region of the pterion
to its termination in the inferior parietal lobe, separating
the frontoparietal and temporal opercula and forming the
sylvian line. Its course seems partially broken by some subsulci that enter the frontoparietal and temporal opercula.
The most constant subsulci are the diagonal sulcus in the
pars opercularis, the anterior and posterior subcentral sulci
delimiting the subcentral gyrus, and the side branch of the
transverse temporal sulcus17 (Fig. 11.8).

gyrus; pcis, precentral insular sulcus; pcs, precentral sulcus; pg,
postcentral gyrus; phg, posterior Heschl’s gyrus; pis, postcentral
insular sulcus; plg, posterior long insular gyrus; pmol, posteromedial orbital lobule; pog, posterior orbital gyrus; ps, postcentral
sulcus; pscs, posterior subcentral sulcus; psg, posterior short
insular gyrus; sis, short insular sulcus; smg, supramarginal gyrus;
sp, sylvian point; sps, superior peri-insular sulcus; t1, superior
temporal sulcus; T1, superior temporal gyrus; T2, middle temporal gyrus; tal, terminal ascending limb of the sylvian fissure; tdl,
terminal descending limb of the sylvian fissure; tg, transverse
insular gyrus; tp, temporal pole; tpl, temporal planum; tr, pars triangularis; tts, transverse temporal sulcus.

The Opercula
Three opercular lips join together at the level of the sylvian
fissure, closing the direct line of visualization to the insula.
The fronto-orbital operculum is formed by the postero
lateral aspect of the orbital gyri, but mainly by the pars orbitalis of the inferior frontal gyrus. It is delineated by the
posterolateral part of the transverse orbital sulcus and the
horizontal ramus of the sylvian fissure. This breach represents the edge between the fronto-orbital (anterior) and
the frontoparietal (posterior) opercula. The temporal operculum follows a more clearly delineated forward course
from the inferior part of the supramarginal gyrus toward
the temporal pole, all along the superior temporal gyrus.
The only constant indentation of this path is created by the
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Fig. 11.9 Artistic rendering of the left insular region (artificial
retraction of the opercula) with detailed nomenclature. Abbreviations in white letters denote sulci and fissures. ag, accessory insular gyrus; ahg, anterior Heschl’s gyrus; aip, anterior insular point;
alg, anterior long insular gyrus; aog, anterior orbital gyrus; aps,
anterior peri-insular sulcus; ar, ascending ramus of the sylvian
fissure; as, acoustic sulcus; ascs, anterior subcentral sulcus; asg,
anterior short insular gyrus; atpg, anterior transverse parietal
gyrus; atps, anterior transverse parietal sulcus; cis, central insular
sulcus; cs, central sulcus of Rolando; ds, diagonal sulcus; fol,
fronto-orbital limb; fos, fronto-orbital sulcus; gr, gyrus rectus;
gs, gyri of Schwalbe; hr, horizontal ramus of the sylvian fissure; ia,
insular apex; ips, inferior peri-insular sulcus; li, limen insula; log,
lateral orbital gyrus; los, lateral orbital sulcus; mog, medial orbital
gyrus; mos, medial orbital sulcus; msg, middle short insular gyrus;
mtpg, middle transverse parietal gyrus; op, pars opercularis of F3;
or, pars orbitalis of F3; os, olfactory sulcus; pcg, precentral gyrus;
pcis, precentral insular sulcus; pcs, precentral sulcus; pg, post
central gyrus; phg, posterior Heschl’s gyrus; pip, posterior insular

point; pis, postcentral insular sulcus; plg, posterior long insular
gyrus; plol, posterolateral orbital lobule; pmol, posteromedial orbital lobule; pog, posterior orbital gyrus; pos, postinsular sulcus;
ps, postcentral sulcus; pscs, posterior subcentral sulcus; psg, posterior short insular gyrus; ptpg, posterior transverse parietal gyrus;
ptps, posterior transverse parietal sulcus; scg, subcentral gyrus;
sis, short insular sulcus; smg, supramarginal gyrus; sopg, subopercular gyrus; sorg, suborbital gyrus; spcg, subprecentral gyrus;
sps, superior peri-insular sulcus; ss, sulci of Schwalbe in the polar
planum; stg, subtriangular gyrus; t1, superior temporal sulcus;
T1, superior temporal gyrus; T2, middle temporal gyrus; tal, terminal ascending limb of the sylvian fissure; tdl, terminal descending limb of the sylvian fissure; tg, transverse insular gyrus; ti, temporal incisura; tos, transverse orbital sulcus; tp, temporal pole;
tpl, temporal planum; tr, pars triangularis of F3; tts, transverse
temporal sulcus. (From Türe U, Yaşargil DC, Al-Mefty O, Yaşargil
MG. Topographic anatomy of the insular region. J Neurosurg
1999;90:723. Reprinted by permission.)

connection of the transverse gyri of Heschl with the superior temporal gyrus (Figs. 11.8c, 11.9).
Certain parts of these opercular segments are highly
functional, representing some eloquent areas. The pars
opercularis and the posterior segment of the pars triangularis of the frontoparietal operculum are frequently known
as Broca’s speech area in the dominant hemisphere. The
subcentral gyrus represents the junction of the precentral
and postcentral gyri of the central lobe, and so it belongs to

the primary motor and somatosensory areas. The inferior
aspect of the supramarginal gyrus and sometimes the posterior part of the superior temporal gyrus are commonly
termed Wernicke’s area in the dominant hemisphere, which
is also related to speech functions. Finally, the transverse
gyri of Heschl in the superior face of the superior temporal
gyrus represent the primary auditory areas. Because of their
high level of function, protecting these areas during insular
tumor surgery is one of the challenges of these procedures.
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The Insular Surface
The insula itself has a pyramidal triangular surface de
limited by the anterior, superior, and inferior peri-insular
sulci. The limen insula is located at the anterobasal part of
the insula, which consists of a narrow strip of olfactory cortex acting as the junction between the sylvian vallecula,
the insula, and the fronto-orbital and temporal poles. The
central sulcus of the insula separates the insula into anterior and posterior portions. The anterior insula is composed of three short insular gyri (anterior, middle, and
posterior) and in some cases also by the transverse and accessory insular gyri. The transverse gyrus runs in a frontomedial direction toward the posteromedial orbital lobule,
whereas the accessory gyrus joins the anterior portion of
the anterior short gyrus with the suborbital gyri. The anterior and posterior short gyri are constant whereas the middle short gyrus is frequently found to be underdeveloped.
These gyri join inferiorly to form the insular apex, which is
the most superficial portion of the insula. The confluence
of the anterior and superior peri-insular sulci coincides
with the connection of the anterior short gyrus and the
subtriangular gyrus at the so-called anterior insular point.
The posterior insula generally contains two long gyri and is
limited superiorly by the superior peri-insular sulcus and
inferiorly by the inferior peri-insular sulcus, which join
together at the posterior insular point (Figs. 11.8c, 11.9).

The Insula as It Relates to the Opercula
A three-dimensional (3D) understanding of the architecture of the sulci and gyri of the medial aspects of the opercula is imperative. Their relationships to the insular surface
remain constant and they may provide useful anatomic
landmarks during surgical exploration. Two suborbital gyri
(superior and inferior), located at the medial aspect of the
fronto-orbital operculum, cover the anterior surface of the
insula. The medial expression of the pars triangularis (subtriangular gyrus), pars opercularis (subopercular gyrus),
precentral (subprecentral and subcentral gyri), and postcentral gyri (subcentral and anterior transverse parietal
gyri), as well as the superior aspect of the supramarginal
gyrus (anterior, middle, and posterior transverse parietal
gyri) cover the superior surface of the insula. The polar
planum (which consists of the sulci and gyri of Schwalbe),
anterior and posterior transverse gyri of Heschl, and the
temporal planum all together form the medial aspect of
the temporal operculum and cover the anterior perforated
substance and the inferior surface of the insula17 (Figs.
11.8b,c, 11.9).

Subinsular Anatomy
The subinsular region is composed of a sequence of layers
of white matter and deep nuclei. Just underlying the insular cortex, the associated fiber system connecting the insula with the neighboring opercula is termed the extreme
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capsule. The claustrum is a thin layer of gray matter mainly
located deep in the anterior insula just beneath the extreme capsule, and separates it from the external capsule.
The external capsule is the theoretical edge of the subcortical insular tissue, and this capsule differentiates it from the
next deep layer, which is composed of the lateral aspect
of the putamen. Growing insular tumors push medially but
respect the putamen, which is a wonderful deep anatomic
landmark, especially in the central aspect of the insula.103

Vascularization
The insula receives its blood supply from the leptomeningeal branches of the M2 segment of the MCA.103 The M1
segment courses laterally within the sylvian vallecula all
along the sylvian stem, and the lateral lenticulostriate arteries (LLAs) appear arising from this segment.14 This origin of the LLAs may represent a valuable landmark during
tumor resection in the anteroinferior aspect of the insula
(Fig. 11.10). The M1 segment turns approximately 90 degrees around the limen insula, forming the genu, where the
main bifurcation occurs. This bifurcation has been highlighted as one of the main deep anatomic landmarks, and
the surgeon must remember that, although in most cases
it takes place at the level of the genu, it is also possible to
find it distally or proximally.14 Early small branches arise
from the bifurcation, or even proximal from M1, to feed the
limen insula. Along the cortical course in the anterior insula, the inferior and superior M2 trunks give off several
main branches before becoming M3.
The lateral orbitofrontal artery supplies the anterior
peri-insular sulcus and the accessory and transverse gyri.
One of the most constant branches should be the prefrontal
artery, which has been found in the anterior insular point,
reaching the lateral hemispheric surface at the level of the
sylvian point. The prefrontal, precentral, and central arteries usually extend small perforators to supply the anterior
insula. The central artery runs along the central insular sulcus, which is the most vascularized region of the insula.14
The anterior and posterior parietal arteries usually supply
the anterior long gyrus and some direct branches to the
posterior short gyrus, whereas small perforators coming
from the temporo-occipital, angular, and posterior temporal arteries feed the posterior long gyrus. At the anteroinferior aspect of the insula, the main blood supply comes from
the anterior and middle temporal arteries (Fig. 11.10a).
Approximately 96 (range 77–112) insular arteries arise
from the M2 segment and supply the insula.14 These small
and middle perforators must be identified during surgery,
then coagulated and cut from their origin in the main
branches to correctly devascularize the tumor. Careful attention must be paid to a special pattern of long perforators
arising from the same M2 branches. These arteries have
larger calibers, which are their specific features that extend
as far as the corona radiata. These long perforators are
mostly located in the posterior half of the central insular
sulcus and on the long gyri, and special attention must be
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a

b
Fig. 11.10a,b Photographs of brain specimens. The insula is
shown after removal of the frontal, parietal, occipital, and temporal lobes from the peri-insular sulci. The arteries of the insula
originate from the M2 segment. (a) The insulo-opercular arteries
(arrows) supply the insula and operculum. (b) Fiber dissection of
this area reveals vascularization of the lentiform nuclei (which have
been removed) and vascularization of the internal capsule by the
lateral lenticulostriate arteries (LLAs; arrow), which arise from the
M1 segment. 1, lateral orbitofrontal artery; 2, prefrontal artery;
3, precentral artery; 4, central artery; 5, anterior parietal artery;
6, posterior parietal artery; 7, angular artery; 8, temporo-occipital
artery; 9, posterior temporal artery; 10, middle temporal artery;

11, anterior temporal artery; 12, temporal polar artery; ac, anterior commissure; alg, anterior long insular gyrus; asg, anterior
short insular gyrus; cis, central insular sulcus; I, olfactory nerve;
ia, insular apex; ic, internal capsule; it, inferior trunk of M2; M1,
M1 segment of the MCA; msg, middle short insular gyrus; on,
optic nerve; P2, ambient segment of the posterior cerebral artery;
plg, posterior long insular gyrus; psg, posterior short insular
gyrus; st, superior trunk of M2; tb, temporal branch of the MCA;
te, tentorium. (From Türe U, Yaşargil MG, Al-Mefty O, Yaşargil DC.
Arteries of the insula. J Neurosurg 2000;92:682. Reprinted by
permission.)
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Fig. 11.11 Drawings showing that 85 to 90% of insular arteries
are short and supply the insular cortex (i) and extreme capsule
(exc); 10% are medium sized and supply, in addition, the claustrum (c) and external capsule (ec); and the remainder (3 to 5%)
are long and extend as far as the corona radiata (cr). a, amygdala;
ic, internal capsule; cn, caudate nucleus; gp, globus pallidus;
p, putamen. (From Türe U, Yaşargil MG, Al-Mefty O, Yaşargil DC.
Arteries of the insula. J Neurosurg 2000;92:686. Reprinted by
permission.)

paid when tumor removal is performed at this level. Damage to these thin vessels may provoke severe corona radiata
infarctions and consequent hemiparesis14 (Fig. 11.11).
The insular veins follow a parallel course to the insular
sulci, draining into collecting veins along the superior and
inferior peri-insular sulci. These collecting veins usually
join together at the level of the anterior third of the inferior
peri-insular sulcus, and travel deep through the stem of the
sylvian fissure to join the deep sylvian vein just beneath the
MCA. The sylvian vein frequently drains into the basal vein,
but in some cases it drains into the sphenoparietal sinus.
Sometimes there is a connection between the most rostral
insular veins and the superficial system through the fronto
sylvian veins.

Insular Tumors
Total resection of an insular tumor is one of the most delicate neurosurgical procedures, and has long fascinated
neurosurgeons because of the microsurgical skills required
and the challenging approach. Reaching the insular surface
involves splitting the sylvian fissure, which entails careful
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dissection of the sylvian superficial and deeply located
arteries and veins while the highly functional opercular
lips are delicately protected. Medial resection of these tumors is a very important step, and special care must be
taken because of the tumor’s close relationship to important structures such as the LLA, basal ganglia, and internal
capsule.14,17,103
In the 1950s, Penfield and Faulk104 directly stimulated
the insular cortex in awake patients and followed with
various degrees of insular resection in certain patients with
epilepsy, reporting no immediate neurologic deficits. Because of the lack of microsurgical techniques, these first
procedures required a huge anterior temporal lobectomy
to expose the insular surface. Following the same philosophy, Guillaume and colleagues105 performed transopercular
approaches (frontal or temporal depending on the electrocorticographic activity) to reach the insula.
Yaşargil and Reeves introduced the use of the microsurgical transsylvian approach and provided the first reported
series of limbic and paralimbic tumors, including 57 insular and parainsular tumors106 to which 93 more cases were
recently added.103 The vast majority of patients (93% with
benign tumors, 91% with malignant ones) had good outcomes with acceptable seizure-free rates. These first encouraging results, reported after the advent of microsurgical
techniques, prompted many neurosurgeons to take a renewed interest in insular tumor surgery.1,12,27,81 Still, however, many controversies surround the optimal treatment
of these lesions and different options, such as observation,
stereotactic biopsy, radiosurgery, and direct surgery, have
been proposed.18–20
Recent studies have analyzed the extent of resection
and other important factors, such as overall survival and
progression-free survival, showing better results in patients with insular low-grade gliomas when compared
with gliomas with the same histological features in different locations.22,29,30 Sanai and associates22 analyzed the impact of the extent of resection in 104 patients undergoing
surgery for insular gliomas, reporting better general outcomes when more extensive resections were achieved.
Thus, it seems that a careful and gross total removal of insular tumors is safe and feasible, and may provide strong
benefits in terms of survival and the alleviation of symptoms. Consequently, microsurgical removal appears to be
the most appropriate first option for a patient with a symptomatic insular glioma. To achieve this goal, the surgeon’s
experience, neuroanatomic knowledge, and training, aided
by some recently improved perioperative tools, are the key
points.
In their initial stages, insular tumors seem to respect the
cytoarchitectonic barriers of the brain, but after surgery,
radiotherapy, or even spontaneously in cases of advanced
high-grade gliomas, these edges may be blurred. After years
of experience with hundreds of insular tumors, Yaşargil
and Reeves106 described these tumors’ propensity to grow
within the confines of the allocortical and mesocortical
zones, sparing the neocortical and medial structures such
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as the basal ganglia and internal capsule. Their observations emphasize the idea that these tumors stay within
their phylogenetic zones instead of spreading to neighboring zones even when they grow to huge sizes. Following
this line of reasoning, Yaşargil described four general growth
patterns: (1) a group of tumors mainly confined to the insula, (2) another group expanding to the basal orbitofrontal
region, (3) tumors growing in the insula and invading the
temporal pole area, and (4) a group of tumors growing
through both the basal orbitofrontal and temporal pole
areas. In our experience, however, in a few cases insular
tumors may extend into the medial aspect of the frontoparietal opercula, which present one of the most difficult surgical explorations.

Clinical Presentation
Insular tumors are often discovered as medium or large
lesions. It is quite uncommon to discover small ones, probably because of the indolent course they follow until they
reach a significant volume. Thus, significant mass effect,
compression, and shifting of the ipsilateral basal ganglia
and ventricular system may occur in a patient with no clinical signs. Recently, however, improvements in diagnostic
methods have allowed for earlier diagnosis.
The most common clinical spectrum for insular tumors
includes the presence of seizures (33–98% of patients). These
seizures are mostly complex partial (34–60%), generalized
(27.5–30%), and simple partial (8–13%),1,5,26,27,30,94,103,107–109
and appear as medically refractory epilepsy in a relatively
high number of patients (12–60%),1,5,108 a fact that by itself
should be considered an indication for surgery.
Uncommon presenting symptoms include such neurologic impairments as hemiparesis and dysphasia, as well as
symptoms of intracranial hypertension. Although underestimated, the presence of psychological alterations is quite
common in patients with insular tumors, and special care
should be paid to detect these abnormal behaviors (organic
psychosis, anxiety, personality changes, and sexual dysfunction).1,5,26,27,30,94,103,107–109 Neurologic impairment and
symptoms stemming from intracranial hypertension are
generally related to high-grade tumors, whereas low-grade
gliomas generally course more indolently, with a history of
atypical seizures and psycho-emotional disturbances usually described by the patient’s family.1,106 The large mass
effect, as well as a possible extension beyond the insular
functional unit, may easily explain the different behavior
of the higher grades.

The Decision to Operate
The treatment of patients with insular tumors has changed
drastically in the past two decades, mainly because of technological developments in neuroimaging and the surgical
armamentarium. The benefits provided by these technical
upgrades have generally improved the decision-making process (diagnosis, treatment, and prognosis) for intrinsic brain

tumors. However, this evolution must be clearly understood because the leap in quality may also present more
complex decisions.
The decision to operate must be made on an individual
basis, attending to the patient’s symptomatology, the tumor’s topography and accessibility, and the surgeon’s ability. Clinicians must be aware of their limitations before
making any kind of decision. As mentioned earlier, insular
tumors either produce intermittent but recurrent symptoms or are asymptomatic. Furthermore, they are located
deep in the floor of the sylvian fissure and are completely
covered by highly eloquent neurovascular structures. These
general features seem to diminish their accessibility, and
many surgeons recommend a biopsy of large, dominanthemisphere insular tumors to prevent postoperative deficits. Nevertheless, this approach does not provide any
benefit when compared with complete removal.98,106
A classic option sometimes offered to patients with insular gliomas is the wait-and-see strategy. Most low-grade
insular gliomas grow slowly and are not as aggressive as
tumors in other locations. This slow growth allows the surgeon, and especially the patient, to postpone the inevitable
decision. This strategy surely will help the patients recover
from their acute psychological trauma after being informed
of their recently diagnosed tumor. Patients with these tumors can be followed closely for a while, and the decision
to operate can be made calmly if images show progression
or seizures do not respond to antiepileptic drugs. Nevertheless, the unpredictable natural history of these lesions
must also be taken into consideration when choosing the
optimal treatment, and surgery presents the safest therapeutic option. Some exceptions to this strategy are the
presence of large or hemorrhagic tumors, as well as lesions
causing an important mass effect. Generally, when either
low-grade or high-grade tumors have these features, patients are more likely to undergo surgery.
In patients with seizures, low-grade insular gliomas
have refractory epilepsy rates of up to 60%. In such patients,
microsurgical excision has been promoted as the only solution, with good results. Thus, when pharmacologically refractory seizures are present, the decision to operate seems
clear. With regard to other features, Simon and colleagues5
showed that patient selection is an important factor determining functional outcomes. In this sense, most young
patients with WHO grade I to III gliomas who are free of
neurologic deficit are the ideal candidates for surgical resection, achieving a 3-month postoperative Karnofsky score
of 80 to 100. Thus, the ideal candidates for surgery can be
described as follows: young patients in good clinical condition with low-grade neuroimaging signs, patients with intractable epilepsy, and patients in good general condition
with important mass effect and symptoms of intracranial
hypertension. But patients with high-grade tumors are also
candidates for surgery despite their worse prognosis when
general conditions allow a surgical procedure. Accepting
the intrinsic difficulty of this kind of procedure, for the
patient described in this chapter, we would choose total
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tumor removal through a microsurgical pterional transsylvian approach designed to spare the healthy neighboring
neurovascular structures as much as possible.
We will discuss and illustrate our preoperative and surgical approach for a patient who was operated on by the
senior author (U.T.) and who is very similar to the patient
presented in this chapter. She is 41 years old, and was diagnosed after presenting with an 18-month history of diz
ziness. In the previous weeks, her family also witnessed
some partial seizures during these episodes of dizziness.

The patient presented to our center after having been followed in a different department. Because of the presence of
seizures and an area of minimal contrast enhancement on
the MRI, we recommended surgery (Fig. 11.12).

Fig. 11.12 Top row: Preoperative MRI findings through a fluidattenuated inversion recovery (FLAIR) sequence in the axial plane
where a hyperintense signal is seen, mainly located in the anterior
aspect of the left (L) insula and showing clear delimitation with
the lateral aspect of the putamen, which is pushed slightly
posteromedially. Middle and bottom rows: Three-dimensional

T1-weighted turbo field echo (TFE) sequence with contrast in the
coronal and sagittal planes. A hypointense signal shows a clear
delimitation within the borders of the anterior, inferior, and superior peri-insular sulci. These radiological features suggest the
diagnosis of an anterior insular glioma. The posterior insular point
is spared by the tumor.

Preoperative Studies
The preoperative workup after the decision to operate is an
important therapeutic step. During this stage, the surgeon
should carefully study all available information about the

198  

Controversies in Neurosurgery II

patient, and combine this information with his or her previous experience and neuroanatomic knowledge to create a
virtual 3D image of the tumor location and to note the potential pitfalls that could appear during surgery. To that
end, the most helpful information might be inferred from
the clinical records, but especially from the imaging studies.
Neuroimaging with MRI improves the accuracy of diagnosis and remains indispensable for surgical planning.
Currently, modern imaging techniques are necessary for
several reasons: to detect or confirm a structural abnormality; to localize, assess, and characterize that abnormality; to plan the surgical approach and extension; to predict
possible postoperative neurologic deficits; to orient the
surgeon to the patient’s metabolism and the metabolic
composition of the tumor and its surroundings; to understand the 3D anatomic relationship between the tumor
and eloquent areas of the brain (cortical and subcortical)
through functional and anatomic sequences; and to evaluate the extent of resection intra- and postoperatively.
A careful examination of the coronal, axial, and sagittal
views of the brain on MRI, as well with 3D multiplanar reconstructions if available, is very helpful in understanding
and visualizing the shape, dimensions, intrinsic features,
and volume of the tumor. These views can also define the
tumor’s relationships to the different aspects of the sylvian
fissure and the superficial sylvian vein (SSV) and its tributaries; the lateral and medial aspects of the fronto-orbital,
fronto-parietal, and temporal opercula; and the peri-insular
and central insular sulci. Furthermore, the relationships
with highly functional deep structures, such as the basal
ganglia, internal capsule, the anterior perforated substance,
and the LLA, can be also studied. The latter structures belong to different functional units, and are often displaced
by the main volume of the tumor.
The challenge of determining the precise location and
relationships of a brain tumor reaches its highest point in
patients with insular gliomas because of their central and
hidden location. Once the tumor is diagnosed, the next step
is to define its accurate anatomic location. T1- and T2weighted MRI sequences, including FLAIR, and T1-weighted
sequences after gadolinium enhancement are recommended
to help define the tumor’s location. To precisely delineate
tumors in the different insular regions, we obtain at least
the T1- and T2-weighted sequences in the axial, coronal,
and sagittal planes. After having grossly analyzed the
main morphological and topographical features in these
sequences, we review 3D multiplanar reconstructions done
in 1-mm slices to accurately study the detailed relationships and the tumor’s edges (Fig. 11.12).
Identifying the central insular sulcus is not easy, especially when the tumor involves the whole insula. When the
tumor mainly involves one of the insular aspects, however,
it is possible to identify the central insular sulcus in sagittal
slices, thereby locating in these patients a greatly useful intraoperative landmark. One of the most relevant details during this careful inspection is an understanding of the position
of the tumor within the peri-insular sulci and the adjacent

opercula. For this determination, the coronal and sagittal
are the most appropriate views, on which we can discern
whether the opercula are involved or just pushed to the
level of the anterior, superior, and inferior peri-insular sulci.
Magnetic resonance imaging angiography enables the
identification of the M2 and M3 arteries, which may also be
of great interest. This is also the most appropriate way to
discern the relative location of the anterior perforated substance and the LLA crossing it. The extended use of carotid
angiography is now reserved only for special cases.26 Some
authors have proposed using other sequences, such as 3D
3T time-of-flight, which provides a nice three-dimensional
display of the LLA and their relationships with the mediobasal aspect of the tumor.25 All these imaging modalities
produce useful information about the distribution of the
main branches of the MCA and their relation to the insular
surface. These data may help to distinguish between tumors that mimic the normal cortical architecture and vascular pattern and those that completely involve and hide
the M2 branches.

Diffusion Tensor Imaging–Based Tractography
Diffusion tensor imaging–based tractography has recently
been incorporated into the neurosurgical diagnostic armamentarium. DTI is able to detect the characteristics of
water diffusion in tissue and display particular dimensional
brownian motion. The diffusion of water particles is facilitated by the ordered distribution of neural fibers through
the membranes covering the axons. This imaging modality
displays the white-matter fiber tracts by selecting a place
where they can be easily visualized and then constructing
a 3D image of them. DTI enables the visualization of bundles of axons by selecting regions with the same values of
fractional anisotropy as “seed” to the production of tracts
in the 3D space.110
Tractography provides information about the normal
course and the displacement or disruption of white-matter
tracts around the tumor, as well as damage to these tracts
from vasogenic edema or tumor infiltration. In neurosurgery, tractography is being used mainly to understand the
subcortical relation between the tumor and clinically relevant white-matter fiber tracts.111 But tractography is limited in areas where tracts cross tumors or peritumoral
vasogenic edema, a fact that should be noted when choosing a place for the seed. However, a great number of fascicles can be visualized through DTI-based tractography, and
several main fiber bundles are studied. The corticospinal
tract contains motor fibers that pass through the corona
radiata to join the internal capsule, from which they lead
to the brain stem. The SLF contains the arcuate fasciculus,
which joins Broca’s and Wernicke’s areas, which is of great
interest in patients with tumors located in the surroundings of the inferior frontal, angular, and superior temporal
gyri. The optic radiations are also especially important
when dealing with tumors not only in the occipital but
also deep in the temporal and parietal lobes.112
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Surrounding white-matter fiber tracts, such as the internal capsule and the SLF, belong to different anatomic
and functional compartments, and so they are not invaded
by the tumor. In some cases, however, the posterior deep
limit of the tumor underlying the posterior insular point
might be closely related especially to the posterior limb
of the internal capsule. Furthermore, in rare cases in which
the medial aspect of the frontoparietal operculum is involved, “U” (short association) fibers between the insula
and medial aspect of the frontoparietal operculum, which
is actually the extension of the extreme capsule, could be
invaded by the tumor. Even in these cases, the SLF is mainly
spared. Thus, preoperative tractographic analysis of these
bundles may provide surgeons with very useful information to improve their three-dimensional understanding of
the tumor and surrounding structures (Fig. 11.13).

a

Three-Dimensional Anatomic Reconstructions
Before approaching the insula, some surface landmarks
must be comprehensively studied. These include the opercular lateral surface and the anatomic variations of the
sylvian fissure and the related SSV and tributaries. This
study is better done with a 3D display of the cortical surface, which enables the surgeon to visualize all these data
in a direct and easily integrated fashion. We recommend the
use of a 3D T1-weighted turbo field echo (TFE) sequence to
create these cortical reconstructions. A 3D T2-weighted
image may be helpful in some cases because it shows the
anatomic disposition of sulci and gyri with great accuracy.
These sequences contribute to a 3D reconstruction of the
brain, which helps the surgeon plan the approach and the
transsylvian microsurgical technique (Fig. 11.14).
The imaging modalities described above provide the
chance to link all these data in the surgeon’s mind with his
or her anatomic knowledge and experience from previous
procedures and follow-up. The result is a perfect display of
preoperative information, which is crucial for creating a 3D
visualization of the tumor and surrounding neurovascular
structures.

The Surgical Approach
For the surgical approach, the patient is placed in the supine
position with the chest raised 15 degrees, and the head is
secured with the Mayfield headrest and rotated approximately 30 degrees to the contralateral side. A slightly posteriorly extended fronto-parietotemporal incision is made.
The temporal muscle is fully detached and retracted posteroinferiorly. Generally, one bur hole is made 3 to 4 cm posterior to the pterion. For older patients, especially women,
three bur holes can be made to protect the dura, which can
be quite thin and attached to the inner aspect of the bone.
Two semicircular craniotomy lines are made superiorly and
inferiorly to the level of the lateral aspect of the sphenoid
wing. At this point, the surgeon begins working under the
microscope, drilling the external line of the sphenoid bone.

b
Fig. 11.13a,b Preoperative axial T1-weighted MRI of the presented patient. (a) Fibers of the left corticospinal tract (pink) are
slightly displaced posteromedially by the tumor mass, which
closely relates to the posterior insular point. (b) Preoperative
sagittal T1-weighted MRI of the presented patient. Fibers of the
left superior longitudinal fasciculus (green), which remain intact,
are seen surrounding the left insular tumor.

Once the bone flap is removed, the remaining sphenoid
wing is drilled away with the high-speed drill to allow appropriate retraction of the dural flap and a comfortable access to the sylvian point and adjacent posterior frontobasal
region. The durotomy is made in a semicircular fashion
with the base at the level of the sphenoid bone. A posterior
rectilinear extension is made from the tip of the first incision and parallel to the sylvian fissure. This posterior extension allows a larger exposure of the posterior aspect of
the sylvian fissure and a comfortable view of the fronto
parietal and temporal opercula. The sylvian fissure remains
a constant surface landmark that should be identified initially. Usually, this goal is easily achieved as the SSV delineates its lateral course. In a few patients, however, the SSV
is absent or deeply located, or the outer arachnoid membrane is so thick that its course is obscured (Fig. 11.15a).
In addition to the information gotten from direct inspection of the sylvian fissure, we routinely use indocyanine
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a

b
Fig. 11.14a,b Three-dimensional brain-surface reconstructions
from the surgical perspective (left pterional) created from the
three-dimensional T1-weighted TFE sequence of the presented
case. These images highlight important anatomic landmarks
without (a) and with (b) cortical vessel reconstruction. ar, ascending ramus of the sylvian fissure; cs, central sulcus; ds, diagonal
sulcus; f2, inferior frontal sulcus; ft, frontal tributary branch of the

superficial sylvian vein; hr, horizontal ramus of the sylvian fissure;
op, pars opercularis; pcs, precentral sulcus; pcg, precentral gyrus;
pg, postcentral gyrus; po, pars orbitalis; ps, postcentral sulcus;
smg, supramarginal gyrus; sp, sylvian point; ssv, superficial sylvian
vein; t1, superior temporal sulcus; T1, superior temporal gyrus;
T2, middle temporal gyrus; tr, pars triangularis; tt, temporal tributary branch of the superficial sylvian vein; vl, vein of Labbé.

11 Resection of Gliomas in Eloquent Areas of the Brain  

201

a

Fig. 11.15a,b Intraoperative photos of the surgical field
after a left pterional craniotomy. (a) The tumor can be seen as
it has reached the inner edge of the outer arachnoid membrane just underlying the sylvian point (sp). (b) Indocyanine
green (ICG) video-angiography snapshot of the same step.
The gyral and sulcal architecture is difficult to understand
because of the presence of the outer arachnoid membrane.
Studying the three-dimensional reconstruction helps to intraoperatively identify reference landmarks. ar, ascending ramus
of the sylvian fissure; cs, central sulcus; ft, frontal tributary
branch of the superficial sylvian vein; hr, horizontal ramus of
the sylvian fissure; op, pars opercularis; pcs, precentral sulcus; pcg, precentral gyrus; pg, postcentral gyrus; po, pars
orbitalis; sp, sylvian point; ssv, superficial sylvian vein; t1, superior temporal sulcus; T1, superior temporal gyrus; T2, middle temporal gyrus; tr, pars triangularis; tt, temporal tributary
branch of the superficial sylvian vein; vl, vein of Labbé.

b
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a

b
Fig. 11.16a,b Photos from the ultrasonographic study of the left insular tumor and its relation to the sylvian fissure and the surrounding opercula before (a) and after (b) resection. fo, frontoparietal operculum; to, temporal operculum; tu, insular tumor.

green (ICG) video angiography. This tool provides information about the arterial and venous architecture, helping
to verify the position of the sylvian fissure. M3 branches
coming from the depth of the sylvian cistern reach the opercular surface and curve 90 degrees upward and downward
to become M4.14 However, the most useful information extracted from the ICG is a comprehensive understanding of
the direction of venous flow and the presence of collaterals
(Fig. 11.15b). Once the venous anatomy is understood, we
always use ultrasound to check the rostrocaudal extension
of the tumor and its relation to the exposed sylvian fissure
(Fig. 11.16a). Careful analysis of the intraoperative ultrasound findings allows the surgeon to define the rostrocaudal tumor borders to determine the extension needed to
open the sylvian fissure. In some cases, mainly when large
tumors occupy the entire insular region, it may be necessary to open the whole length of the fissure.
The next recommended maneuver is to release cerebrospinal fluid from the basal cisterns to relax the brain. This
goal can be achieved with the aid of fine bipolar coagulation forceps and a cotton pledget slightly introduced parallel to the posterior fronto-orbital gyrus until it reaches the
lateral membrane between the optic and olfactory nerves.
A small incision is then made to enter the carotid and chiasmatic cisterns, allowing the outflow of cerebrospinal
fluid. This initial maneuver allows the release of cerebrospinal fluid when necessary during the procedure.

Splitting the Sylvian Fissure and Resecting
the Tumor
With the aid of current microsurgical techniques and operative tools, the sylvian fissure can be precisely and suc-

cessfully split, avoiding injury to adjacent vital structures
and thus preserving their function. The SSV is usually boxed
in between the outer arachnoid membrane and the lateral sylvian membrane, which show some slight arachnoid
bridges.113 This venous system varies greatly in location,
number, collaterals, length, and drainage routes. Although
the clearest landmarks to define the components of the
insulo-opercular segment of the sylvian fissure should be
the pars triangularis, opercularis, and subcentral gyrus,
this cortical architecture is not easily distinguished in the
surgical field at exploration. Thus, a precise understanding
of the regional venous anatomy remains imperative. Although the cerebral veins have a rich collateral system, we
must precisely study the vascular patterns, combining our
knowledge with the 3D reconstructions and the ICG video
angiography to choose the exact point of entry to the
arachnoid so that we can navigate through the fissure without disrupting the venous architecture. The incision is usually safely made in the frontal aspect of the fissure; however,
variations in the venous flow patterns may require moving
the SSV superiorly. In the rostrocaudal line, the fissure is
usually incised at the level of the sylvian point, where the
horizontal, ascending, and posterior rami of the sylvian
fissure come together just below the tip of the pars triangularis.103,114 Some landmarks can be helpful in locating
this point. The sylvian venous confluence, where the temporal and frontal tributaries drain into the SSV, is several
millimeters posterior to this area. Moreover, the prefrontal
and middle temporal arteries usually emerge in the lateral
hemispheric surface at this same level. The location of the
sylvian point in reference to the pterion was shown to be
just slightly posterior in the horizontal plane.114 Its estimation is an acceptable point to start the splitting because
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Broca’s area is located in the dominant hemisphere just
posterior to this point, and the subcentral gyrus still more
posteriorly.17 Large tumors, especially when located in the
anterior insular region, could make the splitting easier and
push the insular apex just under the outer arachnoid membrane at the level of the sylvian point (10% of cases) (Figs.
11.14, 11.15).
Entering the sylvian fissure through the sylvian point
and exploring in a deep direction soon exposes the insular
apex, whereas the limen insulae and the main MCA division remain deeper, 10 to 20 mm perpendicular to the
sylvian point itself. These neurovascular structures are the
first reliable deep reference points. In most cases, however,
it is not possible to visualize them without debulking the
central tumor. After this initial debulking, dissection may
continue over the surface of M1 to the bifurcation of the
internal carotid artery. At this point, opening the fissure
will move from inside to outside and the suprasellar cisterns can be reached. Every space gained in depth is maintained with round cottonoids, which facilitate the separation
of the opercular lips and enable the surgeon to avoid the
use of self-retaining retractors.
The posterior extension of the splitting depends on the
vascular pattern and the posterior extension of the tumor.
Generally, central debulking is performed posteriorly to
gain access to the posterior aspect of the depth of the sylvian fossa. Posterior splitting of the fissure is done in the
same manner, working from inside to outside. This extension exposes the lateral aspect of the insula. In general, the
frontoparietal operculum covers more of the insular cortex
surface compared with the temporal operculum,17 and
the distance from the lateral surface of the hemisphere at
the level of the sylvian fissure slightly increases in a rostrocaudal direction. Thus, the depth of the interopercular sulci
at the level of the suborbital gyri and polar planum is 10 to
20 mm, 25 to 40 mm at the level of the subopercular gyrus,
and 35 to 50 mm at the level of the subcentral and transverse parietal gyri. This is the reason splitting the sylvian
fissure is easier when starting at the level of the sylvian
point, first directed anteromedially to open the stem and
then posteriorly from the depth to the surface.
After enough of the sylvian fissure is split, debulking the
central tumor is easier and the voluminous insular region
relaxes. The transsylvian approach without the use of selfretaining retractors highlights the difficulty of not directly
offering a wide view of the entire surface of the insula,
forcing the surgeon to create small working spaces. These
working spaces are maintained with two or three round
cottonoids placed in strategic positions. When the tumor
partially maintains the cortical insular anatomy, finding
anatomic landmarks before resection becomes easier. The
most appropriate strategy seems to be to locate the MCA
bifurcation at the level of the limen insula, where devascularization of the most proximal short and medium insular
perforators starts. Some tumors, however, break the pial
edge, spreading along the sylvian fossa, or expand into the
insular gyri so much that the M2 and its insular branches
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remain encompassed by the tumor. In these situations
tumor debulking starts without initial devascularization
and it must be done with slight suction until the subpial
level of the first arterial branch is encountered. Then, direct
subpial devascularization can be achieved, and that branch
can be subpially skeletonized toward its proximal segment,
with pathological tissue removed until the MCA bifurcation is reached.
In any case, initial debulking is done at the level of the
insular apex, where the superior and inferior trunks of
the MCA give off their first main branches (Fig. 11.10a).
Some windows are created between these arteries, always
achieving the same deep plane. During this first stage, all
resection windows should be equally deep to preserve the
orientation and keep a certain harmony. Before manipulating any important branch, we use the micro-Doppler to
check its flow, and we check again after having worked on
its surroundings, with the aim of learning how to deal with
these vessels. Topical applications of papaverine are recommended to prevent vasospasm. During devascularization and tumor removal, or once it has been completed, the
insular veins are coagulated.
With the initial central debulking at the level of the anteroinferior aspect of the insula (the inferior extension
of the anterior and posterior short gyri), exploration of
the peripheral regions around the peri-insular sulci is
facilitated.
The inferior limb of the insular fossa is usually easier
to explore because of its closer relationship with the central aspect of the insula (14.8 mm from the insular apex;
19.1 mm to the superior peri-insular sulcus).17 With the
aid of a flat cottonoid, the anteroinferior extension of the
long gyri can be pushed downward, exposing the inferior
trunk of the deep sylvian vein within the inferior peri-
insular sulci. This anatomic landmark usually represents
the inferior limit of the resection. In cases in which the
polar planum is involved, however, the resection continues
beyond this sulcus, following the tumoral tissue from the
insula millimeter by millimeter. The most acceptable anatomic landmark deep in the anterior aspect of the inferior
peri-insular sulcus is the dorsal surface of the amygdala,
which is exposed only in patients in whom the tumor
largely extends to the temporal pole.
Debulking and decompressing the central and inferior
insular areas facilitates exploration of the anterosuperior
and superior aspects, located beneath the fronto-orbital
and frontoparietal opercula, respectively. It is extremely
important to maintain a high level of concentration during
all surgical steps, but we must sharpen our orientation especially in these last stages because tissue removal has
distorted the anatomy and may confuse our vision. Thus,
keeping in mind some anatomic landmarks is mandatory.
The anterosuperior aspect of the tumor is the area around
the anterior sylvian point. The prefrontal artery arising from
the superior trunk usually takes this path to reach the cortical surface, whereas the lateral orbitofrontal branch, also
arising from this trunk, follows the anterior peri-insular
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sulcus and can also be a valid landmark. The anterior periinsular sulcus can seem quite deep, especially if the insular
apex protrudes enough into the fissure. After this region is
devascularized, the tumor is suctioned to the level of its extension. The posterior aspects of the superior and inferior
peri-insular sulci are the most hidden areas in the insular
region17 and their surgical access remains quite difficult.
Some authors propose opercular retraction, or even removal, to gain access to this region.22,27 We believe these
maneuvers may have important functional consequences
and lead to speech impairment. Intraoperative speech disturbances have been reported during tumor removal in
awake patients; these disturbances resolved after the retractors were removed.1
After having debulked the central, inferior, and anterosuperior aspects of the tumor, a soft push of the posterior
aspect downward with the aid of a flat cottonoid and the
suction tube facilitates exposure of the region around the
posterior insular point. Then devascularization is done as
described. In this area, it is of extreme importance to recognize the presence of some long perforator insular arteries,
which should be spared as they have been shown to reach
the corona radiata14 (Fig. 11.11). This is one of the most
challenging steps of the surgery, but it is facilitated by the
fact that the entire path of the M2 and M3 arteries has already been skeletonized. This posterior half of the superior
peri-insular sulcus is located close to the pyramidal tract
entering the posterior limb of the internal capsule. Damaging these fibers could also lead to serious postoperative
neurologic impairment. Some intraoperative tools have
been developed to prevent these problems, but no intra
operative device can yet distinguish this highly functional
fiber system ideally. Motor evoked potentials seem an adequate tool to promptly detect any motor disturbance, but
vascular damage cannot be repaired even when quickly
recognized. On the other hand, the use of intraoperative
motor evoked potentials can resolve motor impairment
caused by manipulation and retraction maneuvers. Direct
subcortical stimulation can theoretically predict the deep
position of the motor fibers in the posterior limb of the internal capsule. Some surgeons use this intraoperative tool
to carry out tumor removal as long as a positive response is
noted. Although in the late postoperative period the neurologic impairment rates of these patients are equivalent to
other reports, in the immediate postoperative period nearly
60% of these patients have worsening of their previous
neurologic conditions.27
With the patient under general anesthesia, we routinely
use direct subcortical stimulation in the posterosuperior
limit of the lesion to assess our plan and the 3D picture we
created in our minds, but the difference with the previously described practice is that our resection limit is given
not only by the appearance of positive or negative responses
but also by many other intraoperative tools and the tumor
extension. We believe that none of these tools is solely reliable; therefore, surgeons must integrate all the data with
their own experience.

The recent advent of DTI-based tractography represents
a great advance in neurosurgical planning. This technique
allows the surgeon to study the 3D relationships between
the posterior limb of the internal capsule and the tumoral
volume itself, as well as the SLF in the rare cases in which
the frontoparietal operculum is involved. In our experience,
this technique is still increasing its accuracy, and its main
value is as a preoperative and postoperative tool. Its intraoperative use through its implementation in navigation
systems cancels its accuracy during tumor removal due to
the brain shift. Preoperative tractography is carefully analyzed to understand the deep relationships, but for the
time being we pay special attention to the postoperative
tractography, which allows us to integrate our preoperative
thinking with the intraoperative findings and the post
operative result, thereby increasing our surgical experience
and anatomic knowledge in real conditions.
Once the posterior tumor extension has been removed,
we check the viability of the dissected MCA branches using
the micro-Doppler, and apply topical papaverine if we
suspect vasospasm. The LLA are the most appropriate anatomic landmarks in the anteroinferior region. Certain
tumors may envelop these arteries, but no tumor goes further medially except the rare ones that originate from the
putamen. A careful examination of this region under the
microscope is mandatory with the goal of preserving all
these arterial branches, as it has been widely reported that
most of the definitive neurologic impairment after the resection of insular tumors is related to ischemic events.
Obliteration of these branches may lead to different degrees of motor disturbances, including hemiplegia from
deep strokes in the internal capsule. Again, combining anatomic knowledge with the available preoperative images
and some intraoperative tools is the key to managing this
stage. Using intraoperative micro-Doppler can help assess
the position of the LLA, and although this finding cannot
be realized in every case, the emergence of a group of radiating small veins indicates the close proximity of this deep
arterial system. Some authors defend the use of awake procedures to check for possible worsening of certain functions, but those procedures can neither predict nor prevent
ischemic events.
Every surgical step during insular tumor removal increases in difficulty, but the most challenging stage is dealing with the tumor borders and the healthy surrounding
tissues. There is still no definite method to distinguish the
border between the tumor and normal brain tissue, and
surgeons must sharpen all their senses to detect changes
in the color, consistency, and texture of the tumor tissue
because this is often critical in determining when the resection should be stopped. Deep in the central region, the
claustrum is very difficult to distinguish. This is the reason
the lateral surface of the putamen is the basic anatomic
landmark at which to stop the deep resection. Because of
the different architecture between these compartments,
the tumoral limit is always sharply defined in this region.
Thus, the knowledge and experience gained enable the
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surgeon to appreciate the change in consistency, color, and
vascular pattern when the putamen has been exposed.
This is the only reliable method to define the medial limit
of surgical resection.
Although ultrasonography is very helpful during the
entire surgical procedure, its usefulness for checking the
medial border is diminished because of artifacts from the
tumor cavity when the ultrasound probe is applied over
the sylvian fissure. For this reason, the probe should be applied over the opercula as far as possible from the sylvian
fissure. Comparing the snapshot taken before resection with
the postresection picture can be useful for experienced
surgeons (Fig. 11.16). But this intraoperative imaging device loses its usefulness in patients with previously irradiated tumors. Intraoperative MRI is another useful tool to
determine the quality of surgical resection. Fluorescenceguided resection with 5-aminolevulinic acid allows the
visualization of malignant tissue during surgery for glioblastomas. In our experience, this technique still has many
pitfalls, such as a lack of visualization in deep locations and
the danger of extreme resection relating to color changes
in tumor borders.
Once the resection and hemostasis are complete, we
routinely analyze the surgical field and cortical surface
using ICG video angiography. This tool is mainly used to
assess the arterial integrity as well as to check the optimal
functioning of the venous anatomy. It also provides very
important information about possible contusions in the
healthy opercular tissues, representing a way to measure
how delicate the surgical approach has been (Fig. 11.17).
Postoperative MRI is done the next day. A detailed MRI
with fiber tractography is repeated routinely 2 or 3 months
after surgery (Figs. 11.18, 11.19). The histopathological examination in our presented case revealed a diffuse astrocytoma (WHO grade II); therefore, we did not recommend
any adjuvant therapy.

Controversial Issues in Insular
Tumor Surgery
The state of the art during any neurosurgical procedure is
still the complete removal of the lesion while sparing the
anatomy and functionality of the surrounding normal brain
tissue. The following three steps aid in achieving this goal:
first, making a corridor based on anatomic and cisternal
principles to minimize disruption of the neighboring neurovascular structures; second, carrying out atraumatic manipulation along the narrow surgical corridor without rigid
retraction; and third, preserving the normal surrounding
structures and function as much as possible during tumor
removal. The first surgical explorations of the insula were
achieved after gross removal of the temporal or frontoparietal opercula (or both).104,105 Some decades later, and with
the advent of microsurgical techniques, Yaşargil103,107 demonstrated the microsurgical transsylvian fissure approach
as the optimal method of exploration for removing insular
tumors. The fundamental principles of this atraumatic ap-
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proach allow successful tumor removal without damaging
the surrounding normal structures. Despite the good results provided by this concept, followed by anatomic resection of the tumor, in recent years some groups have shifted
this anatomic concept to a functional resection. In this
sense, these authors propose approaching the insular region through the removal of healthy tissue from the frontoorbital, frontoparietal, or temporal opercula during awake
procedures, justifying this method with a better and faster
exposure of the insular surface.1,12,22,27,108,110,115,116
The most commonly reported neurologic impairments
after insular tumor resection are hemiparesis and speech
disturbances.1,12,22,25–27,81,97,103,106 These complications are
usually attributable to the disruption of healthy structures
surrounding the insula or their blood supply, rather than
the insula itself. Hemiparesis or speech disturbances may
arise when the central or precentral arteries are in
advertently damaged or temporarily obstructed, or because
of vasospasm.81 The popularization of awake procedures
makes possible intraoperative notification of some of the
causes of speech disturbances. Some investigators have reported immediate postoperative speech impairment in their
patients despite the fact that different stimulation tests
were done in the removed opercular and insular cortex
without any speech arrest. Some of these patients experienced speech dysfunction during tumor removal, which in
certain cases resolved after the self-retaining retractors
were removed from the opercula. Thus, it seems that the
retraction of the opercula or the vasospasm caused by
vascular manipulation, or both, might have contributed
to these intraoperative disturbances,1,81 but performing
awake procedures did not predict their appearance.
Malak and colleagues97 reviewed the temporary evolution of the most common neurologic impairments in different series, highlighting two important findings. First, the
incidence of permanent deficit was lower (3% for hemiparesis and 1.4% in cases of speech problems) than immediately after the surgical procedure (17% for hemiparesis and
16% in cases of speech problems). Second, all cases of permanent disturbance were related to an infarct in the territory of the LLA. From these findings, it becomes clear that
most transient motor and speech impairments are caused
by direct or indirect injury to the opercular areas and temporary ischemia secondary to the M2 or M3 branches supplying these cortical regions, as well as ischemic deep areas
from the surgical injury of the deep LLA. A possible risk
that should also be considered comes from the fact that the
medullary branches arising from the M4 segments travel
through the opercula to feed certain areas of the corona
radiata. The surgeon has no control over these small vessels during a transopercular approach. Thus, it seems clear
that this transopercular corridor indefinitely requires awake
surgery so that the surgeon can check the available functionality of the opercula. In our opinion, the discomfort for
the patient and surgeon and the stressful atmosphere that
these procedures entail do not justify removing healthy tissue to get a better initial view of the insular region. More-
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a

b

Fig. 11.17a,b Intraoperative photo of the surgical field just
after tumor resection (a) and ICG video-angiography snapshot showing the vascular architecture of the same field (b).
The arachnoid incision and the creation of surgical windows
to remove the tumor have been optimized, achieving an intact postoperative venous pattern without evident contusion
at the surrounding opercula. ar, ascending ramus of the sylvian fissure; cs, central sulcus; ft, frontal tributary branch of
the superficial sylvian vein; hr, horizontal ramus of the sylvian
fissure; op, pars opercularis; pcs, precentral sulcus; pcg, precentral gyrus; pg, postcentral gyrus; po, pars orbitalis; ssv,
superficial sylvian vein; t1, superior temporal sulcus; T1, superior temporal gyrus; T2, middle temporal gyrus; tr, pars triangularis; tt, temporal tributary branch of the superficial sylvian
vein; vl, vein of Labbé.
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Fig. 11.18 Top row: The 2-month postoperative MRI findings
through the FLAIR sequence in the axial plane show that the resection cavity is free of residual tumor and the medial structures
have returned to their normal position. Middle and bottom rows:
The 3D T1-weighted TFE sequences with contrast in coronal and
sagittal planes. The resection cavity is seen at the level of the left

(L) insula with no sign of residual tumor. The posterior edge is
clean and free of tumor and the internal capsule is completely
spared. Histopathological examination revealed a diffuse astrocytoma (WHO grade II); therefore, we did not recommend any adjuvant therapy.

over, as has been discussed, awake surgery does not prevent
the most common definitive impairments mainly related
to mechanical and vascular causes, which can be misinterpreted and limit the extent of resection.
Another important issue is the intraoperative control
of the extent of resection and deep orientation during the
procedure. Some groups support the use of intraoperative
navigation and the implementation of the preoperative im-

ages tractography provides. In our opinion, these frameless
stereotactic neuronavigation systems are of little use as
the resection is less accurate after the durotomy and release of cerebrospinal fluid because of brain shift. The point
remains to focus all our senses during the procedure, identifying as many anatomic landmarks as possible at every
step to maintain orientation during resection. This approach
allows us to go back and find these anatomic landmarks in
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sule and the SLF, to carry out the resection until these fiber
bundles are encountered during direct subcortical stimulation in awake patients. We believe there is no need for
extreme subcortical resection of these healthy tissues, and
that is the reason we argue for an anatomic approach (stay
within the tumor volume). Moreover, insular tumor resection requires a calm environment and a high level of concentration to maintain the orientation during every step
of the procedure, a goal difficult to achieve when dealing
with awake patients. Some authors found that the number
of intraoperative stimulations they performed was limited
because patients in this situation could not easily tolerate a
long surgical procedure.116
The point during any neurosurgical procedure is to offer
our patients optimal treatment, and for that reason we
must use the most delicate maneuvers. A quick surgery is
the enemy of a carefully reasoned procedure, and every
case requires an extremely high level of concentration
during every step. Thus, a calm atmosphere and a relaxing
environment are indispensable features in the operating
theater.

a

Conclusion

b
Fig. 11.19a,b (a) Postoperative axial T1-weighted MRI showing
complete preservation of the posterior limb of the internal capsule (pink), which has recovered its natural location after tumor
removal. (b) Postoperative sagittal T1-weighted MRI showing
that fibers of the left superior longitudinal fasciculus (green) remain intact after tumor removal. The posterior insular point was
spared because it was free of tumor.

case we lose orientation during any step. This is why it is so
important to acquire extensive knowledge of neuroanatomy
and follow the ordered steps we propose.
The valuable information provided by tractography
combined with accumulated surgical experience and neuroanatomic knowledge is key to managing insular tumors.
Some groups have suggested studying the location of deep
structures, such as the posterior limb of the internal cap-

A direct surgical approach is the most appropriate way to
treat insular gliomas, and technical developments have
provided many tools to assist the intraoperative management of these lesions. However, surgeons must assume
that no decision should be based on the isolated findings
provided by these devices, and the key point continues to
be not only learning but also critiquing their results. The
transsylvian avenue is the most appropriate surgical route
to remove insular tumors and protect the healthy surrounding tissues. Despite the feasibility of removing these
tumors without damaging the important microanatomic
environment in which they are included, the surgeon’s
anatomic knowledge and microsurgical skills remain primary. Combining these features with preoperative, intraoperative, and postoperative modern devices will improve
the surgeon’s experience and provide a comprehensive understanding of this complex anatomic region.
We generally try to incorporate any novel device in our
approach, but they must be considered as complementary,
never indispensable, tools. None of these technologies by
themselves determines a successful surgery; thus, we must
learn from their results and confirm our previous thinking,
but mainly we must critique and improve their functioning.
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Moderator
Insular Tumors
Allan Friedman
Infiltrating gliomas have a predilection for the insula.117
Twenty years ago, Yaşargil generated great excitement when
he showed that surgery could safely be done on these “inoperable” tumors. Since that time, the relevant anatomy
has been described in great detail and operative strategies
have been honed.118–122
In this chapter, Türe and González-López summarized
the previous publications on the essential anatomy a surgeon must master before contemplating surgery on insular
gliomas. They went on to give the most thoughtful and detailed description of the transsylvian approach to insular
tumors I have seen. Berger and Sanai reviewed the evidence
supporting the benefits of aggressive resection of infiltrating gliomas. They reviewed their extensive experience
with cortical and subcortical intraoperative mapping techniques and the risks associated with glioma surgery. They
proposed an anatomic grading system to define the risks
and relative chances of success in removing tumors from
different regions of the insula, showing that tumors located
in the posterior insula are less likely to be completely resected. Lama, Wolfsberger, and Sutherland showed us how
advances in technology can improve operative results. Although their work employing intraoperative MRI is well
known, their nascent work using robotics gives us a view
of the future.

Anatomy
As stated in Türe and González-López’s section, the key to
insular glioma surgery is a good knowledge of anatomy.
It would be hard to improve on their description; thus, I
would like to emphasize some points. The gyral anatomy
of the insula and sylvian fissure has been reviewed by Türe
et al123 and others.124,125 The triangular-shaped insula is
covered by the frontoparietal, temporal, and orbital opercula. The frontal operculum is parsed by the horizontal
and ascending rami of the sylvian fissure into the pars orbicularis, triangularis, and orbitalis.123 In most patients, the
tip of the pars triangularis does not come in contact with
the temporal operculum, and this arrangement provides a
dependable route between the frontal and temporal opercula to the insula.114,124 The distance from the cortical surface of the pars triangularis to the underlying superior
limiting sulcus has been measured to be 2 cm in cadaver
studies. The distance the surgeon must traverse from the
cortical surface to the insula under the frontal operculum
to the anterior end of the superior limiting sulcus is
much greater in patients with large anterior insular tumors.123,124,126 While opening the ascending ramus of the
sylvian fissure would be a more direct route to the superior margin of the insula, such a maneuver risks injury to

crossing veins and damage to the pars opercularis and
pars triangularis. The posterior orbital gyrus of the orbital
opercularis is in continuity with the pars orbitalis or separated by the superficial orbital sulcus.127 Extending the
insular resection into the pars orbitalis and posterior orbital gyrus provides the surgeon access to the anterior aspect of insular tumors extending far into the inferior frontal
lobe.
The surgeon must divide four layers of arachnoid when
exposing the insula through the posterior ramus of the
sylvian fissure.113 The lateral-most projection of the insula
is the insular apex, which usually involves the base of the
middle short gyrus.124 In large tumors, the insular apex
may be just below the superficial sylvian veins. As the surgeon proceeds from anterior to posterior through the posterior ramus of the sylvian fissure, the distance between
the frontoparietal and temporal opercula to the insula is
deeper. Once the surgeon has reached the insula, the distance along the insula under the opercula to the superior
and inferior limiting sulci is less posterior than anterior.
The anatomy and function of white matter tracts that
surround the insula have been intensely studied over the
past 5 years. The intact basal ganglia buffer the internal
capsule from most low-grade insular tumors but the corona radiata containing the corticospinal fibers lies adjacent to the superior limiting sulcus at the level of the long
insular gyri.123,126,128,129 The third part of the superior longitudinal fasciculus lies deep to the frontoparietal operculum.130 The inferior fronto-occipital fasciculus passes dorsal
to the visual fibers in the temporal stem.131,132
Recently, a fiber tract that runs from the superior temporal lobe through the temporal stem and the extreme
capsule to the frontal lobe has been described.130 It is unclear whether these fibers differ from the interior frontooccipital fasciculus. The inferior longitudinal fasciculus runs
in the inferior lateral to the temporal horn, connecting the
posterior temporal and occipital cortex with the temporal
pole.130,133 The middle longitudinal fasciculus runs lateral to
the inferior frontal occipital fasciculus and predominantly
connects fibers from the angular gyrus and posterior superior temporal lobe with the anterior superior temporal
cortex.134,135 Also running through the temporal stem are
the optic radiations emanating from the lateral geniculate
nucleus and passing over to the lateral surface of the lateral
ventricle.
The lateral lenticulostriate arteries have been a concern
to surgeons operating on insular gliomas. These vessels
originate from M1, early frontal and temporal M1 branches,
and proximal M2 branches. They pierce the anterior perforating substance and pass a short distance through the
basal ganglia to reach the posterior limb of the internal
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capsule.124,136 Thus, other than their short proximal passage from the middle cerebral artery through the basal
white matter, the surgeon is unlikely to encounter these
vessels lateral to the basal ganglia. What is of more concern
is the vessels that originate from the distal M2 branches
and provide blood supply to the corona radiata.126,136
The insula is supplied by about 100 small leptomen
ingeal vessels branching from the M2 arteries, which pass
over the surface of the insula.125,136 Most of these feeding
vessels are small and should be coagulated and cut close to
their origin to devascularize the tumor, thereby preventing
inadvertent avulsion from their M2 origins when the tumor
is manipulated. Larger perforating vessels are most prevalent penetrating the posterior long gyri and posterior superior limiting sulcus. They are described to be present in
up to 25% of cadaver dissections.124,125,128 In up to 5% of patients, these vessels have been shown to penetrate the corona radiata adjacent to the posterior limiting sulcus where
corticospinal fibers are entering the posterior limb of the
internal capsule.95,125,136,137 These larger perforating arteries
must be identified and preserved.81
The superficial sylvian veins can lie up to 4 mm below
the posterior limb of the sylvian fissure and empty into the
sphenoparietal sinus.124 This position leads most surgeons
who regularly open the sylvian fissure to expose aneurysms of the proximal middle cerebral artery or tumors
originating from the sphenoid ridge to open the fissure superior to those veins. In fact, smaller purely insular tumors
that reside posterior to the bifurcation of the middle cerebral artery are more easily approached by cutting the
arachnoid on the temporal side of these veins.129 This maneuver avoids the need to coagulate the veins passing over
the frontal operculum. Temporal veins often drain into
the vein of Labbé.124 In practice, it is not uncommon to cut
several windows in the arachnoid and work between the
larger superficial veins. The superficial sylvian veins are
sandwiched between an outer arachnoid membrane and
a lateral arachnoid membrane.113,138,139 Thus, the surgeon
needs to cut both to enter the intraopercular space. As
described by Inoue and colleagues,113 the intermediate
sylvian membrane spans the intraopercular space above
the M2 branches and a medial sylvian membrane joins the
frontoparietal operculum to the insula and must be divided
to expose the superior insula. This last layer tends to hold
the frontal parietal operculum against the insula.

Treatment Options
Observation alone is a decreasingly used option when a
patient presents with a low-grade glioma. The extant literature indicates that, with longer follow-up, low-grade
gliomas are likely to progress to a higher grade. There is no
definitive study showing that early surgery improves outcome any better than surgery at the time of progression,
but that question has not been well studied.140,141
A histological diagnosis is necessary before initiating
therapy. Although a stereotactic biopsy is a low-risk proce-

dure, these tumors are not necessarily homogeneous and a
biopsy risks undergrading the tumor.142

Radiation Therapy
The efficacy of radiation therapy in prolonging progression-free survival has been shown in a randomized trial,
but the efficacy of radiation in improving overall survival
is derived from comparing case series. A study looking at
administering radiation therapy at the time of diagnosis or
withholding radiation until the time of disease progression
showed no difference in overall survival.143 Many centers
do not initiate radiation therapy until the tumor has been
shown to progress to avoid the delayed side effects of such
therapy. Raising the dose from 50 to 60 Gy does not increase 5-year survival or progression-free survival but does
increase the rate of radiation necrosis. Thus, the accepted
dose is 50 Gy in 18-Gy fractions.144,145

Chemotherapy
Temozolomide has shown efficacy in 30 to 60% of patients
harboring a low-grade tumor. Studies are in progress comparing the efficacy of this drug with the efficacy of radiation therapy.

Surgical Resection
The data supporting surgical resection of low-grade gliomas is compelling but based on uncontrolled case studies.27,28,30,84,132,146–153 It is always possible that surgical
resectability is a surrogate for a more compact, less invasive tumor with a natural better prognosis. It is clear that
an oligodendroglioma histology and genetic marker such
as IDH-1 and chromosome 1p/19q mutations portend an
improved prognosis in patients with grade II gliomas.
Low-grade tumors vary from compact to diffuse. Most
surgeons are more comfortable resecting visually abnormal
tissue than normal-appearing tissue with a signal abnormality on T2-weighted MRI, but there is growing evidence that an extended resection improves prognosis. It is
more difficult to get an MRI-complete resection with a
diffuse tumor than with a well-circumscribed tumor.154,155
Hentschel and Lang81 used the sharpness of the border on
a T2-weighted MRI to determine whether the tumor was
circumscribed or diffuse. Skrap and associates6 noted that
tumors that were congruent on T1-weighted and on FLAIR
MRI were most likely to be resectable. It is my experience
that congruence on T1- and T2-weighted MRIs portends
a tumor whose appearance is easier to differentiate from
normal brain and that shows more complete resection on
postoperative MRI scans.155

Surgical Therapy
Türe and González-López provided a very detailed description of the classic transsylvian approach to insular gliomas.
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They operate with the patient under general anesthesia
and guide the resection by anatomy and not physiology.
Berger and Sanai advocate the use of functional mapping
in awake patients. Functional mapping of the cortical and
subcortical motor function has been well described. Although functional mapping of the cerebral cortex was made
popular by the writings of Penfield, subcortical mapping of
language function is a less standard procedure.
Duffau27 has written extensively about mapping cortical and subcortical language at the time of surgery for a
tumor in the dominant hemisphere. With other authors,
he reports that subcortical stimulation of the suprasylvian
white matter caused phonemic paraphasia, and stimulation of the inferior fronto-occipital tract caused semantic
paraphasia. He describes a difficulty in articulation when
stimulating the deep white-matter fibers of the parietal
lobe adjacent to the sylvian fissure (superior longitudinal
fasciculus) and phonemic paraphasia when more superior
in the deep parietal white matter (arcuate fasciculus).5
He has shown that stimulation along the inferior frontooccipital fasciculus results in semantic paraphasia, but
stimulation of the inferior and middle longitudinal fasciculi does not.67,131–133 He indicates that stimulating above
the temporal horn results in semantic paraphasia but stimulating lateral to the temporal horn does not.
In my hands, the results of subcortical stimulation are
not quite as clean. Stimulation of the white matter deep to
the parietal operculum sometimes results in phonemic
paraphasia but more frequently results in hesitation or
mechanical problems with speech. I have not seen the
clear-cut ventral dorsal differences in responses reported
by Duffau. Stimulation of the white matter lateral to the
temporal horn but deep to the superior and inferior temporal sulci can result in semantic paraphasia in some patients.
The removal of white matter in this area can result in a
speech difficulty lasting up to 6 weeks. Thus, I have not
been able to show that language function is confined to the
classic inferior fronto-occipital fasciculus and does not extend into the longitudinal fasciculi in some patients.
Controversy remains as to the optimal approach to tumors in the sylvian fissure region that do not extend to
a lateral cortical surface.5,12,27,81,105,106,126,146,149 Türe and
González-López advocate a purely transsylvian approach.
Berger and Sanai prefer a transopercular transcortical approach.22,27 Both approaches are valid. The approach a surgeon uses should be based on the expertise and experience
of that surgeon. The references cited by Berger and Sanai
favoring a transcortical approach are not convincing.
The transsylvian approach requires a wide separation of
the three opercula from the insula extending to the limiting sulci. This requires meticulous and patient dissection.
The transsylvian approach allows the surgeon to trace the
M2 branches from the bifurcation of the MCA when the
tumor has broken through the pia at the insula and surrounded these vessels. The approach also allows the surgeon to ligate the small leptomeningeal insular vessels as
they come off the M2 arteries, and avoid the possibility of
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these arteries being avulsed during tumor removal. The
surgeon can trace the lenticulostriate vessels from their
origin. Difficulties with this approach are that the surgeon
is removing tumor through windows between the M2
branches and that exposure of the anterior superior corner of the insula requires significant manipulation of the
frontal operculum. The transcortical approach opens a wide
window into the tumor, but the surgeon is dependent on
a subpial dissection to protect the branches of the MCA.
Feeding vessels are encountered in the tumor.
I have adopted a hybrid approach. I operate on all large,
dominant, diffuse insular tumors with the patient awake
during resection of the tumor. While operating with the
patient under general anesthesia is adequate for a wellcircumscribed lesion, having the patient awake helps me
when the borders of the tumor are less well defined. When
resecting the margin of the tumor especially close to the
temporal stem, the patient may develop difficulty with
naming. With the patient awake, I can stop the resection
at a time when the patient will most probably make a good
recovery. If the patient suffers a deficit that I believe may
be of vascular origin, I can use papaverine to mitigate any
spasm and raise the patient’s blood pressure. Although I
have no controlled data, I believe that rapid intervention
can limit the ischemic damage. I have two patients who
have made a good functional recovery despite restricted
diffusion in the corona radiata on the postoperative MRI.
With an experienced surgical team, the patients can be kept
comfortable and calm throughout the procedure.
I believe that the transcortical approach affords a better
view of the anterior portion of a large tumor, and the transsylvian approach provides better control of the vasculature.
I use a wide exposure at the insula to gain control of the
vasculature, and a transcortical approach through the pars
orbicularis and posterior orbital gyrus to remove large
frontobasilar extensions without retracting the frontal operculum. I begin by opening the posterior ramus of the sylvian fissure, exposing the apex of the insula, the length of
the inferior limiting sulcus, the inferior portion of the anterior limiting sulcus, and the posterior segment of the superior limiting sulcus as required to expose the posterior
aspect of the tumor. If the tumor is small and does not have
a large anterior, superior, or inferior frontal component, the
transsylvian approach is sufficient to allow exposure of the
anterior superior portion of the insula. If the tumor has a
large superior component or if it has a large extension into
the frontal lobe between the inferior frontal lobe and the
lateral ventricle, I extend my corticotomy anterior to the
anterior limiting sulcus into the posterior orbital gyrus and
pars orbitalis of the frontal lobe, providing access to the
mesial inferior frontal extension of the tumor. Lang and associates126 reported that retracting the frontal operculum
can lead to a language disturbance.
This approach provides an early definition of the sylvian
arteries, the ability to ligate small insular leptomeningeal
arteries as they branch from the M2 vessels, and the ability
to identify and preserve any large artery perforating the
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superior insula behind the central sulcus. The extension
into the pars orbitalis and posterior orbital gyrus allows
me to remove the inferior medial tumor without significant manipulation of the frontal operculum. Intraoperative
ultrasound helps avoid large surprises on postoperative
studies.

Morbidity
It is clear that morbidity decreases with the experience of
the surgeon.5,6,95 Most surgeons have noted that operating
on low-grade tumors has less morbidity than operating on
high-grade tumors in this area.5 I find that high-grade tumors are more difficult to separate from the lenticulostriate vessels. In patients with high-grade tumors infiltrating
the basal ganglia, the surgeon must identify the lenticulostriate vessels proximal to the tumor in the basal ganglia
and then follow them through an often vascular tumor. The
lack of a preoperative deficit and younger age are associated with a lower surgical morbidity.5
The literature indicates a rate of 4 to 9% permanent
morbidity from the surgical resection.5,126 Most authors
note significant numbers of transient postoperative language deficits when operating on the language-dominant
insula.67,126,133,156–159 It is my experience that, if the patient loses the ability to visually name but can read or repeat, the language function will return to baseline. Speech
hesitation or dysarthria persists beyond classic expressive
or receptive dysphasias.22Also of note is that the pre
operative frequency of seizures improved in about 75% of
patients.5,12,22,27,129,159

The extent of resection depends on patient selection as
well as the surgeon’s experience.5,34,95 A survey of the extant literature indicates that 80% of patients can have a
greater than 70% resection, with 90% resection in half of all
patients.5,126,130

New Technology
Lama, Wolfsberger, and Sutherland address the technical
advances that can aid in tumor resection, and Sutherland’s
pioneering work using intraoperative MRI is well known.
A growing number of studies indicate its value in glioma
surgery.40,42,43 The question that confronts the surgeon is
in the case of a diffuse glioma: Does further resection of an
area of normal-appearing brain with an increased T2 signal
have a significant risk of evoking a new neurologic deficit?
The combination of awake surgery with intraoperative MRI
remains challenging.
Robotic surgery is intriguing and can directly integrate
the imaging studies to prevent the resection of functionally
important brain tissue. I have had opportunities to experiment with a bimanual robot on a cadaver brain. The robotic
arms were easy to use. Through a subtemporal approach,
I was able to cut and re-anastomose a basilar artery. The
problem was that the temporal lobe, which was outside the
view of my camera, was pulped. There was insufficient
constraint on the movement of the arms outside my field of
vision. Considering the fact that much of insular tumor resection takes place underneath the three opercula, I do not
believe that the robot is ready for use in this procedure. I
look forward to the day that it is.
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Chapter 12

Approaches to a Colloid Cyst:
Transcranial vs. Endoscopic

Case
A 35-year-old man notes an ongoing headache and visual blurring.

Participants
The Cranial Approach for Resecting Colloid Cysts: Juraj Šteňo
Endoscopic Resection of Third Ventricular Colloid Cysts: Jalal Najjar, Emad T. Aboud, and Samer K. Elbabaa
Moderators: Approaches to Colloid Cysts: Endoscopic vs. Microsurgical Treatment: Engelbert Knosp and
Aygül Mert
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The Cranial Approach for Resecting Colloid Cysts
Juraj Šteňo

Making the Decision
The patient described in this case has symptoms of rather
severely increased intracranial pressure. According to
the T1-weighted and fluid-attenuated inversion recovery
(FLAIR) magnetic resonance imaging (MRI), his lateral ventricles are enlarged because of obstruction of the foramina
of Monro by a cystic lesion located in the anterior–superior
part of the third ventricle. This lesion is apparently a colloid cyst, and the condition is life threatening. Observation
only is very dangerous; without surgical treatment, the patient is endangered by the decompensation of intracranial
hypertension with a sudden loss of consciousness and even
death.1 Two of 25 patients in our surgical series of colloid
cysts were admitted to the hospital in a coma, necessitating emergency external ventricular drainage before the cyst
was excised.

The Aim of Treatment
The chosen treatment should remove the obstruction of
the cerebrospinal fluid pathways as well as relieve compression of the fornix by a tense cyst. The procedure should
reach these goals as safely as possible and aim to prevent
recurrence.

Topographical Features Relevant
to Surgery
Colloid cysts are located inside the third ventricular cavity, most often in its anterior-superior compartment; the
upper anterior part of the cyst is exposed at the foramina of
Monro. A more posterior location of the cyst under the roof
of the ventricle is rare. The orientation of the plane of the
foramen of Monro, represented by its circumference, is
oblique, tilting laterally and anteriorly. Its medial and posterior parts are located higher than the lateral and anterior
borders. Consequently, the more lateral and anterior the
point of entry at the surface of the brain, the more perpendicular and thus more suitable is the trajectory to the foramen of Monro. Therefore, the angle under which the
foramen of Monro is exposed is more convenient with the
transfrontal transventricular approach as compared with
the transcallosal approach.
The fornix, the choroid plexus, and the veins of the venous angle are often displaced in a manner that leads to
enlargement of the foramen. However, the foramen may
also be narrowed or, rarely, practically occluded so the cyst
wall cannot be seen from the frontal horn of the lateral
ventricle. The distortion of the anatomic structures and the
resultant shape of the foramina of Monro are usually asymmetrical, and preoperative MRI often cannot show the exact
size of the foramina. The access to both foramina of Monro,

and thus the possibility of choosing the one that can better
expose the cyst, is a great advantage of the transcallosal
approach.
Obstruction of the cyst by the choroid plexus is easily
solved through coagulation and dissection. More problematic is the covering of the upper part of the cyst by both
halves of the fornix, which is distorted over the surface of
the cyst. In one of our patients, the cyst was completely
covered by the flattened halves of the fornix and the leaves
of the septum. In such cases, the most convenient approach
from the technical point of view is a midline dissection of
the fornix.
In about a third of anatomic specimens, the venous
angle is located posterior to the foramen of Monro; if necessary, the foramen may be enlarged through dissection of
the choroid plexus on the forniceal side.2

Choosing the Type of Surgery
The surgeon can choose among four methods of treatment
for patients with a colloid cyst: stereotactic aspiration3; endoscopy (through a working channel,4,5 with the dual-port
technique,6 or through a neuro-endoport7); endoscope-
assisted microsurgery through a craniotomy8; and microsurgery.9–15 In the past, stereotactic aspiration was done
without any visual control; later, a ventriculoscope was introduced to allow a view of the foramen of Monro and the
capsule of the cyst.16 Endoscopy offers non-stereoscopic
monocular vision and one-handed manipulation; a wider
tubular port (neuro-endoport) and the dual-port technique
enable a bimanual surgical technique. Microsurgery and
endoscope-assisted microsurgery through a craniotomy
enable bimanual surgical manipulation under stereoscopic
vision.
The disadvantage of monocular vision can be overcome
through adequate experience with the endoscope. A more
important drawback is the surgical manipulation with only
one hand. The support and proprioceptive information
provided by the second hand is invaluable during dissection of the structures, and is indispensable when structures
must be pulled apart to stretch adhesions between them
before cutting. Radical excision of the colloid cyst with microsurgical procedures can be achieved in all or almost all
patients,8,12,17–20 whereas remnants of the cyst after endoscopic procedures are found in a range of 4% of patients up
to the majority of patients.4,5,17,20,21 As might be expected,
the recurrence rate after endoscopy is higher than after
microsurgical resection.

Choosing the Surgical Approach
All surgical approaches to the third ventricle necessitate
incision of the neural tissue, except for the supracerebellar

12
subtentorial approach,1,22 which is more convenient for
reaching the posterior part of the third ventricular chamber. A consequence of surgical transgression of the cerebral
cortex is the development of seizures; after transcortical
approaches to the tumors of the third ventricle, they occur
in 8.6 to 28% of patients.23–25 After the transcallosal approach, they are rare.12 An opposite proportion was found
in a single series of patients with tumors in and around
the lateral and third ventricles, in which the transcallosal
approach carried a 4.4-fold increased risk of seizures.26
The experience described in series of patients with colloid cysts is the same as in the majority of reports of all
patients with third ventricle tumors. Antunes and colleagues27 reported seizures in two of 23 patients after the
transcortical approach and in none of eight after callosotomy. Pamir and associates12 noted seizures in one of 19
patients after the transcallosal excision of colloid cysts
complicated by subsequent venous infarction of the superior frontal gyrus. We used the transcallosal approach in
45 of 141 patients with tumors of the third ventricle and
transcortical approaches in 11 of these patients (10 transfrontal, one posterior after Van Wagenen). Epileptic seizures occurred in one patient treated with the transcallosal
approach (2.2%) and in two patients treated with the
transcortical approach (18%), and all three of these patients harbored gliomas.28 Seizures did not occur in any of
our patients with colloid cysts.
From the neuropsychological point of view, the anterior
transcallosal route is a safe and feasible alternative to the
transcortical approach.29 The interhemispheric transfer of
information is preserved as long as the splenium remains
intact.30 Partial sectioning of the corpus callosum does not
cause significant neurologic deficits; however, if the surgery induces additional brain injury, the neurologic deficits
can be more severe with a callosotomy.31

The Transcranial Approaches
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anterior as possible) via the corpus callosum (just behind
the genu) to the foramina of Monro. The posterior border
of the craniotomy rarely exceeds the coronal suture; it extends 1.5 cm across the midline medially.
After opening the dura with the base of the flap at the
superior sagittal sinus, we proceed along the falx, separating the medial surface of the frontal lobe in the direction
of the foramen of Monro. On the way down to the corpus
callosum, fine adhesions are dissected between the medial
surfaces of the frontal lobes and between the anterior cerebral arteries and the surrounding structures. Gradual evacuation of the cerebrospinal fluid while working with the
suction in one hand and forceps in the other relaxes the
brain sufficiently to prevent its compression by a retractor.
Currently, we seldom use retractors during dissection. In a
rare case, when the brain was too tight even after the patient’s head was elevated, we punctured the frontal horn of
the lateral ventricle and inserted a silicon tube, which we
left in place until the end of tumor resection.
Once the corpus callosum is exposed, rolled cottonoids
are introduced between the cingulate gyri in front of and
behind the planned incision (Fig. 12.2). The callosotomy
is made in the midline to prevent damage to the indusium
griseum, as recommended by Winkler and colleagues.32
We try to find an avascular zone but, rarely, a minute vessel
has to be coagulated and transected. After sectioning the
pia mater and some 1 to 2 mm of surface tissue approximately 8 to 10 mm long, we carry out blunt dissection by
opening the arms of the forceps in the sagittal direction
(Fig. 12.3). Additional cuts are made if necessitated by the
location of the foramen of Monro. In patients with severe
hydrocephalus and a thinned-out corpus callosum, a mere
puncture with the tip of a fine forceps is sufficient to reach
the frontal horn of one of the lateral ventricles or the space
between the leaves of the septum pellucidum (Fig. 12.4).
We fenestrate the septum in all patients to inspect both
foramina of Monro and to choose the one that allows better

We used the transfrontal-transventricular approach in three
patients—in two after conversion from endoscopy to a craniotomy and in one to avoid the transection of a bridging
vein. Likewise, the great majority of authors prefer the
transcallosal approach, and we used it in 18 patients. Currently, we dissect the bridging veins from the dura even if
the terminal part of the vessel runs between the dural layers (Fig. 12.1) or we open the dura atypically to reach the
edge of the superior sagittal sinus. A sufficient callosotomy
and complete removal of the cyst was possible when the
anterior-posterior distance between the bridging veins at
the sinus was as little as 20 mm.

The Transcallosal Approach
For the transcallosal approach, we adjust the placement of
the craniotomy to the anatomy of the veins of the frontal
lobe as shown by MRI. We use neuronavigation to find the
most suitable trajectory from the convexity of the brain (as

Fig. 12.1 The bridging vein draining the frontal lobe is dissected free from its attachment to the dura (arrows) up to its
entry into the superior sagittal sinus.
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Fig. 12.2a–f Transcallosal transforaminal removal of the colloid
cyst. (a) The incision into the superficial layer of the corpus callosum is between the pericallosal arteries (arrows). The cingulate
gyri are held apart with cottonoid pads (X). (b) The forceps is introduced into the incision. (c) The ependyma (arrow) is exposed
through blunt dissection. (d) The cyst (arrowhead) at the left fora-

men of Monro is covered by the body of the fornix medially (white
arrow) and by the choroid plexus laterally (black arrow). (e) The
small septal vein (arrow) pierces the fornix behind the anterior
septal vein. (f) The cyst is completely removed, and the anterior
and posterior (arrow) septal veins are preserved. 3v, the floor of
the third ventricle.
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b

a
Fig. 12.3a,b

A colloid cyst of the third ventricle (a) removed through a short anterior callosotomy (b).

exposure, similar to the strategy used by Yaşargil and Abdulrauf.14 We use the other foramen just to assess the completeness of cyst excision.
Dissection of the cyst usually starts with coagulation
of the attached choroid plexus and with its dissection from
the cyst wall. Opening the cyst and emptying its contents
relieves tension and allows dissection of the capsule from
the lower surface of the fornix and from the veins contributing to the venous angle. However small the foramen at

the beginning, during dissection of the capsule from surrounding structures it always enlarges. Dissection of the
choroid plexus in a posterior direction either from the forniceal or ventricular side (the subchoroidal approach15)
further widens the exposure of the cyst. In cases with an
atypical posterior variant of the venous angle, dissection of
the plexus allows substantial enlargement of the approach.2
In one of our patients, this maneuver allowed the safe removal of a cyst located posteriorly between the roof of the

a

c

b

Fig. 12.4a–c (a,b) The callosotomy is done through puncture
of the thinned corpus callosum between the pericallosal arteries
(arrows) with the forceps. (c) The leaves of the septum pellucidum
(arrowheads) are spread apart.
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Fig. 12.5a–d (a,b) Atypical posterior location of a colloid cyst
between the roof of the third ventricle and the interthalamic
adhesion. (c,d) This lesion was removed after dissection of the
posteriorly located venous angle via the transcallosal approach.

a

b

c

d
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ventricle and the massa intermedia (adhesio interthalamica) (Fig. 12.5). In one case, a minute vein of the septum
pierced and apparently drained the fornix; on its way laterally to the venous angle, it firmly adhered to the surface
of the cysts and its dissection and preservation required
lengthy and meticulous technique (Fig. 12.2e). After complete removal of the cyst, the lateral walls and the floor of
the third ventricle come into view.
In three patients with both foramina of Monro no more
than a slit, we used the interforniceal approach.9 The body
of the fornix was dissected at its midline raphe within the
corridor bounded by the anterior commissure anteriorly
and the choroid plexus at the foramen of Monro posteriorly. The anatomic situation, with the leaves of the septum
being apart, helps the surgeon determine the precise orientation. After separation of the two halves of the fornix,
the upper part of the cyst is exposed. Attachments to the
lower surface of the fornix, the choroid plexus, and the
veins are then dissected free and the cyst is removed. In a
series of patients with cysts removed through the interforniceal approach, no permanent deficit was reported.33 We
observed temporary memory disturbances in two of our
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three patients. The disturbance was rather severe in one of
them, and afterward we did not use this approach.
We achieved radical cyst resection in 21 patients treated
microsurgically (including two patients after conversion of
endoscopy to microsurgery because of venous bleeding)
and in one of four with an accomplished endoscopic pro
cedure (Fig. 12.6). There was no permanent morbidity or
mortality in the entire series. Temporary memory disturbances occurred in four patients—in two after resection of
the cyst through the transcallosal transforaminal route and
in two of three after the interforniceal approach. Meningitis occurred in one of two patients with external ventricular drainage, and repeated shunt revisions were necessary.

Avoiding Potential Complications
Preserving all bridging veins draining the frontal lobe prevents venous infarction. Dissection of the terminal parts of
these veins from the dura or modified dural opening prevents their occlusion.
Surgical manipulation of the fornix should be as gentle
as possible. Bilateral manipulation especially may lead to

a

b

c

d
Fig. 12.6a–d Endoscopic removal of a colloid cyst through the
right foramen of Monro. (a) At the foramen (f), the cyst (black
arrow) is covered by the choroid plexus (arrowhead) and the ante-

rior septal vein (white arrow) is beneath it. (b) Cutting the choroid
plexus. (c) Removing the thick cyst contents. (d) The floor of the
third ventricle seen through the emptied foramen of Monro.
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the temporary impairment of short-term memory. Therefore, it is advisable to remove the tumor through one foramen of Monro and to use the other just to assess the
completeness of resection, if necessary. The transforaminal
exposure and resection of the cyst is preferable to the interforniceal approach. Traction on the veins contributing to
the venous angle should be avoided as it may cause bleeding remote from the foramen of Monro. A two-handed operative technique increases the safety of tumor dissection.
A clean operative field during tumor removal prevents
postoperative occlusion of the aqueduct, which necessitates
diversion of the cerebrospinal fluid. Blocking the aqueduct

during cyst removal with a cottonoid may be helpful.
Avoiding the insertion of a cerebrospinal fluid shunt pre
operatively should prevent all potential complications.
Except for patients with decompensated intracranial hypertension, we prefer to start treatment by removing the
tumor. An intraoperative ventriculostomy may be done if
the brain is tight.
Closure of a callosotomy with fibrin glue is sometimes
recommended. We always try to fill the intradural space
with saline before the final dural stitch is taken to prevent
collapse of the hemispheres and eventual bleeding from
the stretched bridging veins.

Endoscopic Resection of Third Ventricular Colloid Cysts
Jalal Najjar, Emad T. Aboud, and Samer K. Elbabaa

Background
Colloid cysts derive their name from the Greek word kollodes (glue). They were first described as lesions within the
third ventricle, but also appear in the fourth ventricle34 and
within the brain parenchyma.35 There has even been one
case of an olfactory groove colloid cyst that presented with
cerebrospinal fluid rhinorrhea after eroding the dura of
the anterior cranial fossa.36
Colloid cysts are benign, congenital epithelium-lined
cysts that almost always arise in the anterior third ventricle. These rare tumors comprise 0.5 to 1% of all intracranial
tumors and 15% of all intraventricular tumors. Colloid cysts
are considered a potential cause of sudden death and acute
neurologic deterioration,37,38 which occurs in one third of
symptomatic patients. Among all cases of sudden death, 10
to 15% had a colloid cyst at autopsy.37 Both brain herniation
and spinal infarction as a result of acute hydrocephalus
have been described,39 and neurogenic pulmonary edema
has also been mentioned as the mechanism triggering
sudden death.40 On rare occasions, a colloid cyst may spontaneously resolve or rupture asymptomatically.41
Different surgical approaches have been described for
resecting colloid cysts. The goal of any planned surgery is
to achieve gross total resection with no residual capsule.
Serial follow-up MRI studies are used to rule out any recurrence. The choice of any surgical approach should be geared
toward avoiding complications and minimizing the manipulation of brain tissue and vasculature. Postoperative complications may include seizures, disconnection syndrome,
memory difficulties, meningitis, and venous infarction.
A review of most published articles would indicate that
the microsurgical resection of colloid cysts leads to better
gross total removal than the endoscopic approach. On the
other hand, endoscopic resections create fewer complica-

tions in general. The endoscopic approach is becoming
more effective and well accepted as gross total resection
is achieved with a low risk of complications.
In 1921, Dandy accomplished the first successful re
section of a colloid cyst through a transcortical approach,
and the transcallosal approach was first described by Greenwood in 1948. In the past 20 years, endoscopic approaches
have become more popular. Other approaches include stereotactic aspiration and the infratentorial supracerebellar
approach.22

Pathophysiology
Colloid cysts enlarge through an increased secretion of
mucinous fluid from the lining of the epithelial cell wall.
In addition, cyst cavities may be filled with blood and degradation products such as cholesterol crystals. Different
theories exist concerning the origin of these lesions, which
may include primitive neuroepithelium, ependyma, choroid plexus epithelium, and paraphysial tissue. But there is
no structural or immunohistochemical evidence to support an ependymal or choroid plexus origin.42 Some studies conclude that colloid cysts of the anterior third ventricle
are clearly distinct from both the choroid plexus and ependyma, and therefore are not a developmental or degenerative product of these structures.43 Tsuchida and colleagues44
suggested a nonneuroepithelial origin of colloid cyst epithelium, underscoring its similarity to respiratory mucosa
of the trachea and sphenoid sinus.

Historical Perspective
Surgical approaches to lesions located in the anterior and
middle portions of the third ventricle are challenging, even
for experienced neurosurgeons. Various approaches through
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callosal arteries because of manipulation or chemical irritation from the contents of the cyst.48 Forniceal injury can
cause severe short-term memory loss and disconnection
syndrome.49
Ulm and colleagues50 have detailed the limitations of
the transcallosal transchoroidal approach to the third ventricle. They concluded that the exposure of the anterior
third ventricle was limited by the columns of the fornix and
by the presence of parietal cortical draining veins.

Anatomic Considerations:
Pendulous Pathology

Fig. 12.7 Endoscopic view of a colloid cyst at the roof of the
third ventricle with its choroid attachment at the right foramen
of Monro.

the foramen of Monro, the choroidal fissure, the fornices,
the lamina terminalis, and, rarely, the supracerebellar infratentorial route have been described in numerous publications.2 Wallmann first reported the case of a colloid cyst
in 1858 in a man with urinary incontinence and ataxia.45
In 1921, Walter Dandy accomplished the first successful
resection of a colloid cyst through a transcortical approach.
He described a transcortical-transventricular approach to
the third ventricle as partially resecting the frontal lobe
to remove a colloid cyst. In 1949, James Greenwood46 reviewed 60 colloid cyst cases, in which 15 were successfully
removed. He concluded that surgical removal must be accomplished without damage to the walls of the third ventricle, as the attachments of the colloid cyst to the wall of
the third ventricle are fragile. He described the cyst’s movement as a ball valve at the level of the foramen of Monro,
suggesting that the surgical approaches should be either
transcortical or through the corpus callosum. His report
described the importance of delivering the cyst only after
removing the adjacent choroid plexus (Fig. 12.7).

Microsurgical Approaches
Early reports of the transcortical approach recommended
its use in patients with hydrocephalus, and the common
complications included the increased risk of seizures as
well as infections. The transcallosal approach is commonly
used to gain access to the third ventricle, but also has some
disadvantages. Complications include direct or manipulation injury of the superior sagittal sinus and bridging veins,
sometimes leading to sinus thrombosis and venous stroke.
Some authors advocate the use of a large bone flap to avoid
direct retraction of the sinus; others suggest the use of
preoperative magnetic resonance venography for optimal
evaluation of the venous anatomy and surgical planning.47
Other complications include bleeding or spasm of the peri-

Colloid cysts have been described as a pendulous pathology in the third ventricle. This theory correlates with the
symptoms of patients, which are likely caused by intermittent obstruction of the foramen of Monro and include paroxysmal headaches that last from seconds to minutes and
are initiated, exacerbated, or relieved by a change in the
position of the head.51 The pendulous theory also explains
the spontaneous collapsing and floating of the cyst capsule
by pulsations in cerebrospinal fluid after surgical aspiration
of the cyst’s contents. The cyst wall has no attachments
except at its origin. Commonly, there is a firm attachment
to the adjacent choroid plexus. Using a microsurgical technique, most neurosurgeons deliver the cyst from the third
ventricle into the lateral ventricle and follow with careful
coagulation and cutting of the attachment to the choroid
plexus.

Endoscopic Resection: Signs for
Safe Removal
En bloc resection of an intact colloid cyst was described in
early surgical reports, starting in 1948 with Greenwood.
Keeping the contents within the cyst without aspiration
and delivering the whole cyst from the third ventricle to
the lateral ventricle remains a popular technique and is
practiced by many neurosurgeons during microsurgical
resection.
In our early endoscopic experience with 10 colloid cyst
resections, we observed that the cyst capsule slightly adheres to the ependyma of the roof of the third ventricle or
foramen of Monro. After the cyst’s contents are aspirated,
the capsule is pendulous and floats between the lateral and
third ventricles because of cerebrospinal fluid pulsation.
Usually, there is a single attachment to the choroid plexus
at the roof of the third ventricle. Delivering the residual cyst
from the third ventricle to the lateral ventricle has been described by many neurosurgeons (Figs. 12.8, 12.9).

The Roof of the Third Ventricle:
Anatomic Layers and Variations
The surgeon must recognize that the roof of the third ventricle consists of five layers. The first, superior layer is the
fornix, and the second is the superior membrane of the tela
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Fig. 12.8 Endoscopic view of a colloid cyst during its delivery
from the third ventricle into the lateral ventricle through the
foramen of Monro. C, colloid cyst.

Fig. 12.9 Endoscopic view of a colloid cyst during its delivery
from the third ventricle into the lateral ventricle through the
foramen of Monro. C, colloid cyst.

choroidea. Third is the vascular layer, which consists of the
internal cerebral veins and the medial posterior choroidal
artery and its branches. The fourth layer is the inferior
membrane of the tela choroidea, and the fifth layer is the
choroid plexus, which is in continuity with the choroid
plexus of the lateral ventricle.52
Türe and associates2 investigated the variations in the
subependymal veins of the lateral ventricle in the region of
the foramen of Monro, as these structures are intimately
involved in surgical exposure of the third ventricle. Based
on their cadaveric study, the authors advocated opening
the choroidal fissure as far as the junction of the anterior
septal vein and internal cerebral vein to enlarge the foramen of Monro posteriorly. This technique allows adequate
access to the anterior and middle portions of the third ventricle without injuring vital neural or vascular structures.

of the capsule are removed, the tumor is mobilized and
separated from the choroidal plexus. The area of attachment of the colloid cyst to the plexus and small feeder vessels crossing from plexus to cyst are well visualized. These
vessels are cauterized and divided, and the capsule of the
cyst is removed.”

Attachment of the Cyst Wall to the
Choroid Plexus: Surgical Considerations
Almost all colloid cyst resection techniques describe the
final attachment of the colloid cysts as choroidal with small
feeding vessels, and in most cases there is no significant
difficulty or morbidity with this final stage of resection.
Rhoton53 described this final stage as coagulating the final
remnant of the attachment of the cyst to the choroid
plexus. Hernesniemi and colleagues13 published a large
series of 134 colloid cysts resected through the transcallosal approach. They describe the final stage as follows: “The
attachments of the lesion to the roof of the third ventricle
have to be coagulated and resected to avoid bleeding from
the small vessels.”
Konovalov and Pitskhelauri22 also describe the final stage
of colloid cyst resection through the infratentorial supracerebellar approach: “The capsule of the colloid cyst is dissected. After the colloid is aspirated and the dense contents

Our Series
Over the past 15 years, about 150 neuroendoscopic procedures have been performed at our institution by the first
author. Most cases involved the management of hydrocephalus. Cysts in 28 patients were removed endoscopically as
primary treatment. The age range of patients was 12 to
65 years, and all patients were symptomatic with hydrocephalus. The cysts ranged in size from 6 to 36 mm, and all
patients underwent preoperative imaging studies as part
of the workup (Figs. 12.10, 12.11, 12.12). Presenting symptoms included progressive and intermittent headaches,
vomiting, and blurred vision. One patient had undergone
previous placement of a ventriculoperitoneal shunt at another institution. The shunt was complicated by an infection, which necessitated its removal and external drainage
before our endoscopic procedure. Three patients required
shunt placement after the endoscopic resection of the cyst,
in one case because of incomplete resection.
In our early experience with 10 cases, we used the traditional technique of puncturing the cyst capsule followed
by aspiration of the contents with a 2-mm needle prior to
delivery of the cyst to the lateral ventricle. Maintaining
the cyst intact without spilling the contents into the ventricular system can prevent chemical irritation or even
chemical meningitis. The mucinous contents are occasionally solid and difficult to aspirate. On rare occasions, such
contents can lead to the formation of an intraventricular
granuloma.54
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Fig. 12.11 Coronal magnetic resonance imaging (MRI) (T1 sequence) showing a colloid cyst at the roof of the third ventricle
with moderate obstructive hydrocephalus.
Fig. 12.10 Axial computed tomography scan showing a colloid
cyst in the third ventricle with severe obstructive hydrocephalus.

If the initial endoscopic exposure of the cyst reveals
complete obstruction of the foramen of Monro, we coagulate the choroid plexus to increase exposure and maintain
hemostasis. The cyst walls are then pushed away from the
ependymal surface of the third ventricle while we apply
coagulation. The cyst contents are then aspirated. Once the
cyst is partially evacuated, it is sequentially mobilized into
the foramen with flexible or rigid grasping forceps, where
further aspiration, coagulation, and removal can be done.
Over the past 6 years, our technique has evolved and
we now advocate removing the cyst without opening the

capsule—the en bloc technique. The operative time is reduced by two thirds with the en bloc compared with the
traditional technique. We treated 18 patients using this
technique, with overall better results, a shorter operative
time, and a decreased complication rate. As most cysts are
larger than the lumen of the endoscope itself, we remove
the endoscope with the forceps simultaneously, holding
the cyst through the working channel. We follow this maneuver by rapidly exploring the surgical bed and foramen
of Monro to control any bleeding with multiple rounds of
irrigation with lactated Ringer’s solution (Fig. 12.13).
After the cyst has been delivered extracranially, we
explore the cyst and capsule to check for tears that might
suggest a residual component. In most cases, we find a
component of the choroid plexus firmly attached to the

Fig. 12.12 Coronal MRI (T1 sequence) showing a colloid cyst at
the roof of the third ventricle without obstructive hydrocephalus.

Fig. 12.13 Endoscopic view of the foramen of Monro after complete cyst excision and multiple rounds of irrigation.
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Postoperative coronal MRI (T1 sequence) showing complete endoscopic resection of a cyst with no residual component.

capsule of the cyst. In three patients, we prolonged irrigation of the ventricular system when the mucinous contents
of the cyst spilled into the ventricles during the final stage
of removal, which was likely due to a tear in the capsule.
In all of our endoscopic cases, bleeding at the level of
attachment to the roof of the third ventricle was successfully managed with repeated and prolonged rounds of irrigation to wash out the ventricle. In three patients, we kept
an external ventricular drain in place for 2 or 3 days. These
drains were removed after a computed tomography (CT)
scan confirmed no residual intraventricular hemorrhage.
Major complications were encountered only during
our early endoscopic experience and included one case
of hemiparesis from injury by the aspiration needle. The
hemiparesis completely resolved after 3 months. Other
complications included two cases of short-term memory
deficit, which resolved within 1 week, and one case of
chemical meningitis, which was treated successfully.
Two patients had incomplete resection. One underwent
microsurgical resection because of the firm cyst contents
and attachment; the other had placement of a shunt. Follow-up MRI studies showed no further growth in the patient requiring a shunt. Overall, no recurrence was noted in
the en bloc resection group, data that was confirmed with
serial MRI studies during the 6 years of clinical and radiographic follow-up (Fig. 12.14).
Endoscopic en bloc resection can be done safely, even
for colloid cysts of large diameter (up to 36 mm in our series). We recommend aborting the en bloc technique if
there is significant adhesion of the capsule to the ependyma of the foramen of Monro or neighboring structures.

Conclusion
Colloid cysts are known as nonvascular lesions with mucinous contents and a fragile attachment to the roof of the
third ventricle. The adjacent choroid plexus has both an
anatomic and a debatable histopathological relationship to
these cysts. Microsurgical resection remains an excellent
treatment modality with a low risk of residual or recurrent cysts, but with potential complications.55,56 Endoscopic
resection includes two main options. The first technique
involves cyst aspiration and decompression followed by a
delivery of the cyst through the foramen of Monro. The second technique uses en bloc resection. Intraoperative observations, such as the degree of attachment to the roof of the
third ventricle or choroid plexus, may have an impact on
the technique used for endoscopic resection. In our endoscopic series, en bloc removal was associated with a low
but acceptable complication rate. The en bloc technique
was also associated with very good complete resection outcomes and long radiographic evidence of no recurrence.
We believe that endoscopic resection of colloid cysts
should be considered as the first option for all symptomatic
patients with associated hydrocephalus and when appropriate endoscopic surgical expertise, setup, and equipment
are available. Microsurgery remains an excellent option for
patients with smaller ventricles, and at institutions without appropriate endoscopic experience or setup. Microsurgery also remains a good alternative when the endoscopic
technique is aborted because of intraoperative findings that
contradict safe endoscopic removal.
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Moderators
Approaches to Colloid Cysts:
Endoscopic vs. Microsurgical Treatment
Engelbert Knosp and Aygül Mert

The Objective
Endoscopy has become an important tool in neurosurgery
over the past two decades, but because of technical constraints and the lack of adequate instruments, the indi
cations for endoscopic neurosurgery are still limited.
Surgery in preformed spaces such as ventricles is an ideal
indication for endoscopic procedures. Unlike intraven
tricular tumors, colloid cysts are a favorite target for endoscopic surgery, and they have been approached and
removed successfully through this route for more than 20
years. Nonetheless, there is still controversy about the
value of endoscopic removal of colloid cysts. In my opinion, there are two main reasons for this controversy: a
general reluctance to use endoscopes in daily neurosurgical practice, and technical constraints such as inadequate
instruments. Thus, the debate regarding the best technique to solve the problem of colloid cysts still awaits
resolution.
Over the decades, the choice for treating colloid cysts
has always been influenced by the highest technical standards, initially the transcortical approach by Dandy. In the
microsurgical era, the transcallosal approach has become
the gold standard for treatment.56 The more favored, less
traumatic approaches to this benign lesion in the third ventricle use frame-based stereotactic equipment.57 Today,
frameless neuronavigation provides sufficient accuracy to
reach deep-seated lesions with minimal damage during
the approach. Because of a high rate of recurrence, stereotactic puncture of such cysts has been abandoned.16 In contrast, endoscopic surgery, also regarded as a minimally
invasive technique, offers a direct view of important structures, including the cyst, the fornix, and the ventricular
veins. And like stereotactic procedures, it offers a much
greater chance to remove the cyst completely. A disadvantage of the endoscopic method, however, is that the cyst is
not radically resected in all patients.5,7,20,21,58
Microsurgical resection still offers the best chance for
complete resection of colloid cysts in the third ventricle1,8,13,18,19,56,59 (Table 12.1). A transcortical approach, perpendicular to the largest entrance plane of the foramen
Monro, offers the best view to the critical structures around
the third ventricle. The shortcoming of this approach, however, is the higher rate of postoperative epilepsy. In my
opinion, the interhemispheric transcallosal approach offers a lot of advantages compared with the transfrontal
transcortical approach. With the transcallosal approach,
both foramina of Monro can be seen or used for cyst re-

section. Furthermore, this approach can also be used in
patients with normal and small ventricles and is not restricted by the size of the cyst or the consistency of the
cyst’s contents.

Our Experience
Over a period of 10 years (2002–2012), we treated 28 patients with colloid cysts at the Medical University Clinic in
Vienna. Nine patients (32%) presented in an acute or periacute clinical stage with raised intracranial pressure, and
six were unconscious at the time of admission. The majority of these patients were treated with acute extraventricular drainage and the cyst was resected directly. In
one patient, the 5-mm cyst was an incidental finding, and
the patient had headache without raised intracranial pressure. Cases like this one will be increasingly detected with
the frequent use of CT and MRI.
The goal of treatment is to restore the cerebrospinal
fluid pathway through both foramina of Monro by resecting the colloid cyst, and this can be done in all cases. The
majority of our patients underwent microsurgery through
either a transcallosal approach (24 patients) or transcortically (three patients). Most frequently, we used the
transcallosal approach as described by Yaşargil but with
some modifications. The most relevant modification was to
use the endoscope to assist microsurgical resection (seven
cases). An endoscope with an angulated shaft and 30- or
45-degree lenses works best during regular microsurgical
dissection. Endoscopes can provide important anatomic
information from the third ventricle during the resection,
for example, a view of the contralateral foramen of Monro.
But its most important function is to verify the completeness of resection and inspect the ventricles to detect blood
clots at the end of the procedure. Without the help of en
doscopes with angulated lenses, inspecting the roof of the
third ventricle is more difficult and requires manipulation
of the fornix. We later modified this approach by turning
the patient’s head 90 degrees to the side of the planned approach and elevating it 45 to 60 degrees, instead of keeping
a straight and slightly elevated head position. This position
facilitates interhemispheric dissection, as gravity allows
the hemisphere rather to fall away from the falx, eliminating the need for active retraction.
The results and complications of our series are listed in
Table 12.2. All but seven of our patients had hydrocephalus, which was transient because the cyst was totally resected. Shunt placement was never necessary.
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Šteňo
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28

28a

Transcallosal approach
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–
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–
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aSeven

of 28 endoscopic-assisted microsurgical resections.

bTwo

of three colloid cysts were converted from an endoscopic to the
microscopic technique; one case was finished endoscopically.
cTen

cases traditional and 18 en bloc endoscopic resections.

d92%

radicality of resection for transcallosal approaches.

Choosing a Microsurgical or
Endoscopic Approach
The participants in this debate are well-known experts in
their field: Šteňo, who presents a very balanced argument
with a clear preference for microsurgical resection, and
Najjar and colleagues, who discuss the endoscopic treatment of colloid cysts.

The Transcallosal Approach
Šteňo, an expert in the treatment of tumors in the third
ventricle, discusses the microsurgical approaches to remove colloid cysts. He presents a series of 21 patients with
colloid cysts, 18 of whom underwent microsurgery through
the interhemispheric transcallosal approach. In three patients, he used the transcortical approach, including two
conversions from an initial endoscopic approach.
Based on his long experience and his thoroughly presented discussion of the advantages and disadvantages of
either approach, he came to the conclusion that the transcallosal is the best choice for resecting colloid cysts. A
transcortical approach was chosen only if severe obstacles
like veins were encountered (one patient) or if an endoscopic approach had been converted to a microsurgical
technique (two patients). He comments critically on his
own experience with the endoscopic technique and its
shortcomings, and this experience underscores his argument that the bimanual technique is mandatory for a safe
and successful resection. Another key argument favoring
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the microsurgical technique is that it provides a greater
chance of complete resection. The higher rate of postoperative epilepsy was another point favoring the transcallosal
approach.
I agree with Šteňo that a transcallosal approach is more
flexible because both foramina are amenable for resecting
the cyst. After inspecting both foramina, one can decide
which foramen is more suitable for removal. Anatomic details, the thickness of the cyst wall, and the degree to which
the cyst adheres to the fornix are important pieces of information that cannot be determined by imaging. After the
cyst is resected, the third ventricle can be inspected from
either side to confirm complete resection. This advantage
of seeing both sides should not tempt the surgeon to use
both sides for resection, which would damage both fornices. The advice not to use an interforniceal approach is well
supported because two of three patients experienced a severe memory deficit from splitting of the fornix.
Šteňo also included his experience with three colloid
cysts approached endoscopically, a choice that demonstrates a further dilemma for many neurosurgeons. Many
want to offer a patient the least invasive technique, and
many realize the advantages of using an endoscope, but
the learning curve is significant. In two cases, Šteňo had
to convert from the endoscopic to an open transcortical
microsurgical technique because of insufficient control of
bleeding. In these patients, the problem could be managed
microscopically, resulting in no clinical deficit.

The Endoscopic Approach
Najjar and colleagues present their series of 28 patients
with colloid cysts treated exclusively with the endoscope.
The cysts ranged in size from 6 to 32 mm. The authors note
that colloid cysts differ not only in size and in the consistency of the contents, but also in the intensity with which
they adhere to the roof of the third ventricle.
In their initial experience, Najjar and colleagues first
drained the cysts to facilitate the piecemeal resection of
its wall. But the small size of the endoscope makes this procedure time-consuming, and complete resection was not
possible in all patients. With increasing experience, these
authors realized that the cyst’s adhesion to the third ventricle is not always tight. This observation is important, but
has dangerous implications. These surgeons have changed
their technique so that they now pull the colloid cyst en
bloc through the foramen of Monro into the lateral ventricle. By pulling the cyst further, they detach the cyst from
the roof of the third ventricle and then deliver it together
with the endoscope.
I have some concerns with this maneuver of pulling the
cyst from the delicate layer of the roof of the third ventricle.
Bleeding, which occurs easily after this procedure, is controlled with prolonged rinsing of the surgical bed. In my
experience, controlling bleeding is a major problem during
endoscopic procedures in preformed spaces like the ventricles. The view within the ventricles is immediately limited

234  

Controversies in Neurosurgery II

and the orientation during this so-called red-out situation
is very difficult, sometimes even impossible, to determine.
Successful coagulation is sometimes possible during endoscopic techniques, but there is no guarantee of this, especially if an artery within the third ventricle is the source of
the bleeding. Patience, prolonged rinsing, and raising of the
intraventricular pressure by forced rinsing are the methods
of choice to stop venous bleeding. Only in cases of unusual
bleeding at the site of attachment, which occurred in three
of their 18 patients, did these authors place an intraventricular drain and leave it in for a few days.
Najjar and colleagues report better clinical results with
fewer complications, and all resections were complete because they used en bloc resection. In addition, the duration
of surgery was shorter. In general, these authors believe
that the endoscopic resection of colloid cysts should be the
first treatment choice for all symptomatic patients, provided
that the surgeon has enough expertise.

Comparing the Series
If we compare both series, we note a comparable number of
cases (21 for Šteňo and 28 for Najjar and colleagues) and no
mortality in the treatment of this benign tumor. Major complications in the endoscopic series of Najjar and colleagues
included one case of hemiparesis (3.6%) and two cases of
transient memory deficit (7.1%). These complications occurred in the early endoscopic experience, during their
learning curve for endoscopic surgery. Since these authors
have started using en bloc resection (18 cases over the past
6 years), fewer complications were observed compared with
the previous endoscopic technique. There were no minor
complications. In Šteňo’s series, four of the 21 patients
(19%) had a transient memory deficit. No other complications were reported. In each series, a shunt was inserted
after the cyst was removed, but none of the patients had
seizures. Radical resection was achieved in all patients in
Šteňo’s series, regardless of the technique used, and in 89%
of the patients treated with the endoscope by Najjar and colleagues. There were no differences in terms of recurrence.
The results shown by both experts are similar to the experience reported in most institutional series, and are too
few to draw final conclusions. The most critical deficit after
this surgery is in memory, which, according to the literature,
is found in approximately 10% of patients in most series, regardless of the number of cases5,7,16,20,21 (Table 12.1). The
reason for the transient memory deficit in Šteňo’s series
was the use of a suboptimal approach in one patient and
interforniceal dissection of the fornix in two patients. We
fully agree with Šteňo that a maneuver to widen the approach to the third ventricle should not be done, at least not
in patients with colloid cysts. Subchoroidal dissection is a
better approach to enlarge the access to the third ventricle
through the foramen of Monro, if the venous anatomy allows it.2 In my opinion, it is better to stop surgery and leave
parts of the cyst wall behind rather than risk damaging the
fornix. Usually, gentle manipulation of the fornix, which can

be protected with cottonoids, and sharp dissection of the
cyst wall from the choroid plexus, the roof of the third ventricle, or both, do not cause these deficits. I am surprised
that en bloc resection of the cyst through the foramen of
Monro, as shown by Najjar and colleagues, does not harm
the fornix, especially when we read that colloid cysts up to
32 mm in diameter have been resected in this way.
A conversion from the intended approaches was necessary in two patients in each series. The reasons for changing from an endoscopic to a microscopic technique were
severe adhesions and firm cyst contents in Najjar and colleagues’ series and uncontrolled bleeding during surgery in
three of Šteňo’s cases when he started with the endoscope.
The difficulty of maintaining exact hemostasis reflects a
clear technical shortcoming of the endoscopic technique.
Another shortcoming is the small size of the grasping forceps used to empty the cyst. If the cyst contents are hard,
this procedure may be impossible. Severe adhesions are
a problem regardless of the technique or approach, but
bimanual dissection with forceps and scissors, instead of
pulling and shearing, is definitely the safer method for dissection and resection.

Factors Influencing the Technique
and Approach
The Necessity for Total Removal
If it is deemed necessary to remove 100% of the colloid cyst,
the best option is to use a transcallosal approach with
microsurgical techniques. This microsurgical technique allows the surgeon to enlarge the access to the third ventricle
through subchoroidal dissection and also allows the inspection of both foramina to choose the one more favorable
for resection with the possibility of verifying total resection
from both sides. The transcallosal approach has a lower rate
of postoperative epilepsy and is applicable in patients with
slim ventricles.18
An alternative for achieving complete resection is the
endoscopic en bloc resection described above, a procedure
We do not recommend because of the risk of uncontrollable
bleeding. It is reasonable to choose the endoscopic technique if you are convinced that subtotal removal, which
occurs in 40% of cases, may be acceptable for the patient.5,7,8,20,21,58 In this respect, “subtotal” means some
remnants of the wall are left behind but not any residual
contents after aspiration of the cyst. If unexpected problems occur, conversion to a transcortical approach is possible through minimal enlargement of the bur hole. Some
of the patients who had subtotal endoscopic removal had
to undergo a second operation during the follow-up period
(1.5 months to 12 years).5,21,58

Hydrocephalus
Hydrocephalus is not a prerequisite for the endoscopic
technique, but in my experience it facilitates the resection

12
significantly, as in all patients in Najjar and colleagues’ series, who presented with hydrocephalus. The presence of
slim ventricles is a strong argument for a microsurgical
approach, preferably the transcallosal.

The Side of the Approach
If an endoscopic or a transcortical approach is planned, the
surgeon has to decide on which side to place the bur hole
or minicraniotomy. The consensus is to prefer the non
dominant side. Sometimes, however, the ventricles are
asymmetrical. In these cases, I use the side of the enlarged
ventricle regardless of the dominant side. Details seen best
on T2-weighted MRI, such as unilateral enlargement of
the foramen of Monro, an unusual site, or the size of the
veins, may affect the decision about the side of the approach as well.

An Algorithm for the Decision
Theoretically, endoscopic resection of colloid cysts should
be the first treatment option, as endoscopic surgery pre
sents the least invasive procedure with a high, or at least
acceptable, success rate. In my algorithm for decision making, the main concern in the treatment of patients with
colloid cysts is a deterioration or loss of memory. Transient
memory deficits are reported to occur in about 7% of patients and permanent memory deficits in about 5%, but in
future reports memory deficits should be examined in more
detail and include neuropsychological tests.1,5,7,8,15,16,18,19,21,60
The key issue in resecting colloid cysts is detachment of
the lesion from the roof of the third ventricle with precise
coagulation and without tearing and shearing the fornix
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with sharp transection from the choroid plexus. These goals
can still best be achieved through the bimanual microsurgical technique, which is why I prefer a microsurgical
transcallosal approach.
Endoscopic assistance during microsurgical surgery is
very helpful to delineate anatomic details, especially to view
the roof of the third ventricle, and it proves the completeness of resection. With angled lenses, it is possible to gather
this information without touching the fornix at all. I regard
this as part of the concept of a minimally invasive technique, which should not be restricted to the size of the craniotomy only. Stereotactic puncture and emptying of the
cyst, however, is an even less invasive procedure, but the
recurrence rates are too high.16 It is very reasonable to start
with endoscopic cyst resection and convert to a microsurgical technique as soon as an unfavorable situation arises,
such as very viscous or hard contents of the cyst, severe
adhesions, or, as pointed out by Šteňo, profound bleeding.
Another disadvantage is the higher rate of residuals and
recurrences after endoscopic resection of colloid cysts.21,58
A larger series of endoscopically treated colloid cysts shows
that cyst wall remnants are visible on postoperative MRI in
up to 42% of patients. These remnants are often clinically
silent. In half of patients, however, wall remnants led to recurrence of the cyst, and reoperation was necessary in 18%
of patients.21
Because of these shortcomings, we still prefer microsurgery to remove colloid cysts, but this can be done with
endoscopic assistance. With further development of the
endoscopic technique, we expect it will become the first
choice of treatment for patients with colloid cysts, as Najjar
and colleagues have discussed in their section of the
chapter.
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Chapter 13

Management of Unruptured
Anterior Communicating
Aneurysms: Coiling vs. Clipping
vs. the Natural History

Case
A 40-year-old woman with no family history of intracranial aneurysms presents with an incidental
7-mm anterior communicating artery (ACoA) aneurysm. She has never smoked cigarettes. The treatment
of this and other patients with incidental unruptured aneurysms is largely dependent on the natural
history. This chapter discusses the controversies and the most current views on the natural history of
intracranial aneurysms.

Participants
Endovascular Treatment of Unruptured Aneurysms: Aditya Bharatha, Timo Krings, and Karel terBrugge
Surgical Clipping of Unruptured Anterior Communicating Artery Aneurysms: Ali F. Krisht
Management of Unruptured Anterior Communicating Aneurysms: Natural History: Ning Lin and Rose Du
Moderator: Management of Unruptured Anterior Communicating Aneurysms: Coiling vs. Clipping vs. the
Natural History: Robert F. Spetzler
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Endovascular Treatment of Unruptured Aneurysms
Aditya Bharatha, Timo Krings, and Karel terBrugge
The optimal treatment of patients with an asymptomatic
saccular unruptured intracranial aneurysm (UIA) remains
controversial. The most significant complication is rupture
and subarachnoid hemorrhage (SAH) with its attendant
morbidity and mortality. Hence, the goal of therapy is to
identify those patients in whom the risks posed by the
aneurysm itself outweigh the risks of possible treatment
options and, where treatment is indicated, to identify the
optimal strategy among the choices available.
Unruptured intracranial aneurysms are not rare. Based
on autopsy and angiographic series, estimates of their
prevalence have ranged greatly—from less than 1% to more
than 10% depending on the patient population and study
methodology. As expected, retrospective autopsy series
have yielded the lowest apparent prevalence, whereas
prospective angiographic series show the highest. A large
systematic review of available series estimates their prevalence in the general population at around 2%.1 Aneurysms
are more common in women, patients with polycystic kidney disease, older patients, and those with a first-degree
relative with an aneurysm or SAH. Other risk factors consistently associated with aneurysm formation are cigarette
smoking, hypertension, and excessive alcohol use.2
When considering whether to treat a patient with a UIA,
a crucial piece of information is the natural history of the
lesion, specifically the likelihood of rupture. The International Study of Unruptured Intracranial Aneurysms (ISUIA)
investigators have published the largest retrospective and
prospective studies of the natural history of UIAs: ISUIA-I,
with 1,449 patients and > 12,000 patient-years of followup,3 and ISUIA-II, with 1,692 patients and > 6,500 patientyears of follow-up,4 respectively. Based on a mean follow-up
of 8.3 years, the annual rate of rupture in patients in ISUIA-I
was 0.3%, 1%, and 0.05% for aneurysms greater than, equal
to, or less than 1 cm, respectively. Aneurysms in the posterior circulation and posterior communicating artery were
associated with higher risk. In the group of patients who
received conservative treatment in the prospective ISUIA-II,
the mean rate of SAH per patient-year was 0.8% over a
mean follow-up of 4.1 years. The cumulative 5-year risk of
bleeding for anterior circulation aneurysms was 0% for aneurysms smaller than 7 mm (1.5% in those with previous
fully treated aneurysmal SAH), 2.6% for aneurysms 7 to 12
mm, and 14.5 to 40% for larger aneurysms. For posterior
circulation and posterior communicating artery aneurysms,
the 5-year rupture rates ranged from 2.5% for aneurysms
smaller than 7 mm to 50% for giant aneurysms. These data
have supported a more conservative approach to small
anterior circulation aneurysms in recent years, with the
caveat that a 0% rate of rupture of aneurysms smaller than
7 mm in ISUIA-II is implausibly low given that, in clinical

series of ruptured aneurysms, these make up 35 to 50%,5
pointing to possible selection bias.
Wermer and colleagues6 have published a meta-analysis
of 19 studies (including the ISUIA data) published between
1966 and 2005, with a total of 6,556 UIAs in 4,705 patients
and a mean follow-up of 5.6 years. The overall risk of rupture per patient-year at risk was 1.2% in studies with a
mean follow-up of less than 5 years, 0.6% in studies with
a mean follow-up between 5 and 10 years, and 1.3% in
studies with a greater than 10-year follow-up. Factors associated with greater risk were a size greater than 5 mm,
symptomatic presentation, posterior circulation location,
female sex, age greater than 60 years, and Japanese or Finnish descent. Smoking was also associated with greater risk,
although this risk was not statistically significant.
Undoubtedly, other factors also influence the rate of
rupture. Likely candidates include patient-specific factors
such as background vasculopathy, hypertension, alcohol use
and family history, and aneurysm-specific factors such as
morphology (lobulation, daughter sac, aspect ratio7), hemodynamics, aneurysm growth rate, and multiplicity. The
presence of mural thrombus and calcification also likely affects the rupture risk. Although the data supporting these
variables remain inconclusive, they must be kept in mind
in the clinical decision-making process.8
Next, we must consider the treatment risks and benefits.
A systematic review of the literature describing coil embolization of UIAs published between 1990 and 2002 (1,379
patients in 29 studies) indicated an overall procedure-
related permanent morbidity and mortality rate of 7% and
0.6%, respectively, with a reduced morbidity rate of 4.5% in
later studies.9 A large, retrospective, single-institution case
series of all 173 UIA patients treated with endovascular
means over a 12-year period from 1992 to 2004 indicated a
procedure-related mortality rate of 0.5% and permanent
morbidity rate of 2.5% (1% severe deficit).10 In a consecutive
series of 146 unruptured aneurysms treated with Guglielmi detachable coils (GDCs), Holmin and colleagues11
report a mortality of 0% and permanent morbidity in 3.4%.
Although these figures compare favorably to surgical series, no randomized clinical trial has directly compared the
morbidity and mortality of endovascular versus surgical
treatment in patients with UIAs. The International Subarachnoid Aneurysm Trial (ISAT) concluded that, in 2,143
patients with ruptured aneurysms in which surgical and
endovascular treatment were judged to be in clinical equipoise, the rate of death or dependence at 1 year was significantly less in the endovascular group (24% versus 31%)
with a lower cumulative mortality over 7 years.12
In ISUIA-II, the morbidity rates for surgical and endovascular therapy were prospectively compared in a non-
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randomized group of patients, 1,917 of whom underwent
surgery and 451 of whom had endovascular repair.4 The
risk of death or disability at 1 year was significantly less in
the endovascular cohort than in the surgical group (12.6%
and 9.8%, respectively; 10.1% and 7.1% in the group with
previously treated aneurysmal SAH). Overall, the patients
in the endovascular group were older and had larger aneurysms and a greater proportion of basilar and cavernous
aneurysms. These results suggest that, when both treatments are feasible, the up-front risk from endovascular
procedures is lower than that from surgery.
But what about efficacy? Considerations of treatment
efficacy are limited by relatively small numbers of patients,
the length of follow-up, and the mixing of ruptured and
unruptured aneurysm data. It has been accepted that satisfactorily clipped aneurysms are effectively cured, and
surgical series have indeed shown a very low re-rupture
rate in follow-ups of patients with clipped aneurysms that
have been completely excluded as shown by angiography.
In one series of clipped ruptured aneurysms followed for a
mean of 10 years, annual rates of 0.14% for recurrent SAH
and 0.09% for asymptomatic regrowth were seen.13 There
has been concern regarding the long-term durability of endovascular treatment. Published rates of residual or remnant aneurysm after endovascular treatment have been in
the range of 5 to 20%, recanalization rates in the range of 15
to 35%, and retreatment rates of up to 13%. A lower degree
of aneurysm occlusion and recanalization are thought to
be risk factors for re-rupture, although the data have been
conflicting.14,15
Despite these findings, the rates of rebleeding have been
low. In a retrospective analysis of 173 patients with coiled
unruptured aneurysms treated at a single institution between 1992 and 2004 for a mean of 3.7 years, three aneurysms ruptured (0.5% annual rupture rate), and all of these
were giant posterior circulation aneurysms.10 In the series
by Holmin and colleagues,11 the retreatment rate was 12%
and rebleeding occurred in only one patient (0.68% of
coiled UIAs) at a median follow-up of nearly 5 years. The
Cerebral Aneurysm Rerupture After Treatment (CARAT) investigators identified all aneurysmal SAH patients treated
at their institutions between 1996 and 1998 and reviewed
the results in 1,010 patients treated with either surgery
(711) or coils (299) who were followed for a mean of 4.4
years.16 The annual rates of retreatment were 13.3% for
coiling and 2.6% for clipping in the first year, 4.5% and 0%,
respectively, in the second year, and 1.1% and 0% thereafter.
Although late retreatment was more common in the coil
group, no late retreatment led to death or disability. Rates
of rebleeding were low for both groups but were slightly
lower in the surgical cohort; annual rates of re-rupture for
coiling and surgery were 4.9% and 2%, respectively, in the
first year and 0.11% and 0% in subsequent years. Combining
these data with the re-rupture rates in the ISAT study shows
that the early benefit of coiling would only be reversed
after 70 years of follow-up. If we project this data onto the
disability and death data from the ISUIA study, it appears

that the impact of retreatment would not outweigh the
early benefit of coiling even after 100 years of follow-up.
Thus, the rate of aneurysm rupture after treatment and
the need for repeated treatment is somewhat greater for
endovascular therapy, but the difference appears to be small
in comparison with the lower rates of procedure-related
morbidity.
From a health care system perspective, another question
is whether the treatment of unruptured aneurysms is costeffective in terms of its ability to reduce the costs of hospitalization and long-term care. An analysis using Dutch data
showed that, for 50-year-old patients, treatment using both
surgical and endovascular techniques was cost-effective for
a wide range of rupture rate scenarios above 0.3% per year,
and slightly more so in women.17
Finally, in applying this disparate information to specific
clinical scenarios, it is important to consider the data from
the literature in the context of patient-specific, aneurysmspecific, and treatment-specific factors to provide individualized recommendations regarding treatment (Fig. 13.1).
Patient-specific factors relating to life expectancy are
crucial parameters in determining the appropriateness of
UIA treatment. In patients of advanced age or with significant comorbidities, the reduced life expectancy of the patient may result in the up-front risk of treatment exceeding
the potential beneficial reduction in risk of SAH. Nonmodifiable risk factors for rupture, such as female sex and etiologic factors, and modifiable risk factors that may increase
the risk of rupture, such as smoking, alcohol use, and hypertension, should also be taken into account. Idiosyncratic
factors, such as excessive or debilitating anxiety pertaining
to a small unruptured aneurysm, may result in the need
to consider treatment for patients who might otherwise
be followed. Patient factors can also influence the choice of
therapy. Excessive tortuosity of the extracranial vessels can
render endovascular treatment difficult or impossible, favoring surgery in some cases. Some patients may reject
the idea of follow-up and the possibility of recurrence
that goes with endovascular treatment. On the other
hand, significant comorbidity may render a patient unable
to tolerate the stresses of conventional surgery, making endovascular treatment more attractive.
Next, aneurysm-specific factors must be integrated. As
discussed above, size plays an important but by no means
exclusive role. In addition to influencing predictions about
the risk of rupture, aneurysm size can influence the patient’s choice of therapy. Coiling of very small aneurysms
(< 2–3 mm) has been associated with an increased risk of
rupture, whereas coiling of giant aneurysms has been associated with coil compaction and recanalization. Morphological factors can influence whether coiling is possible and
whether assistive techniques such as balloon remodeling
or stent-assisted techniques are required. Important parameters that can predict immediate post-coiling occlusion rates
include the absolute size of the neck, the dome-to-neck
ratio, the aneurysm’s shape, and the incorporation of
branch vessels.18
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Fig. 13.1 Factors to be considered in providing patients with an individualized treatment recommendation. ETOH, ethyl alcohol consumption; HTN, hypertension; PKD, polycystic kidney disease.

The aneurysm’s location is another important factor.
The general rule of thumb is that basilar termination aneurysms, which are difficult to access through surgery, are
often more suited for endovascular treatment. Aneurysms
of the middle cerebral artery bifurcation often have an
unfavorable geometry of branch vessels and are surgically
accessible; hence, they are often (but not always) better
suited to clipping. For aneurysms in other locations, both
treatments are often possible. For example, for distal or peripheral aneurysms, both clipping and endovascular vessel
sacrifice are possibilities. For anterior and posterior communicating artery aneurysms, both treatments can often
be considered. In many cases, clinical, morphological, and
local endovascular or surgical experience are the deciding
factors. In other words, factors related to the patient and

the aneurysm need to be considered in the context of the
technology available and institutional expertise (therapy
factors). With the advent of new technologies, the repertoire
of both surgical and endovascular therapies will continue
to expand. Examples include the recent advances in flowdiverting stents and cerebrovascular bypass procedures.
With regard to the clinical case presented with this
chapter, a presumably healthy 40-year-old woman with a
greater than 30-year life expectancy and an anterior circulation aneurysm 7 mm in diameter, we would expect the
cumulative risk of rupture to exceed 15 to 30%, which is
much greater than the risk posed by endovascular or surgical treatment. In this location, both surgery and coiling are
feasible, but we would want to offer the most effective
treatment with the lowest risk. For patients in whom both
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options are equally feasible, we would advocate coiling
given the lower up-front risks. However, in this case, based
on the image provided, incorporating the A2s into the neck
may increase the risks of coiling both in terms of thromboembolic complications and residual aneurysm, and this

aneurysm is also quite suitable for surgery. Therefore, this
case ultimately highlights how important it is that decisions regarding the choice of treatment be made in a systematic manner, based on careful analysis of the patient,
the aneurysm, and all of the available therapeutic options.

Surgical Clipping of Unruptured Anterior Communicating
Artery Aneurysms
Ali F. Krisht
In the past, a patient diagnosed with a UIA was considered
to be a person walking around with a ticking time bomb in
his or her head. Recent reports and studies, however, suggest that the natural history of unruptured aneurysms may
be more benign than what was previously thought.3,4,19–21
This is especially so when dealing with small aneurysms.
Investigators from the ISUIA suggested that aneurysms
arising from the posterior communicating artery or the
basilar tip region are more prone to bleed than aneurysms
arising from other locations in the anterior circulation.3,4

This assessment included aneurysms involving the ACoA
complex. But as most neurosurgeons dealing with ruptured aneurysms on a routine basis know, lesions of the
ACoA account for a large percentage of patients arriving in
the emergency room with a ruptured aneurysm.1,22–25 In addition, the ISUIA study included a relatively smaller number of ACoA aneurysms when compared with most surgical
series. This may very well suggest that the majority of ACoA
aneurysms present with rupture and a smaller number
present in a nonruptured state (Fig. 13.2).

a

b

c

d

Fig. 13.2a–d

Examples of different sizes of anterior communicating artery aneurysms.
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The initial results of the ISUIA determined that the annual rupture rate of anterior circulation aneurysms smaller
than 10 mm was a low 0.05%. This rate jumped significantly
to 1% per year for aneurysms greater than or equal to 10 mm
in size. Based on these statistical findings, the trend has
been to leave small ACoA aneurysms untreated because of
their extremely low risk of rupture. Further analysis of the
ISUIA patients followed for 5 years suggested that aneurysms smaller than 10 mm in size should be subdivided
into two groups, those less than 7 mm and those between
7 and 10 mm. This subdivision was proposed because the
annual rupture rate of aneurysms between 7 and 10 mm
jumped to 2.6%, whereas the annual rupture rate for aneurysms less than 7 mm remained at 0%. These findings led
to a series of publications in Stroke in 2005 entitled “Patients with Small, Asymptomatic, Unruptured Intracranial
Aneurysms and No History of Subarachnoid Hemorrhage
Should Be Treated Conservatively.”
Most neurosurgeons who regularly treat patients with
aneurysms have a problem with such conclusions, in part
because the ISUIA has predominantly focused on size in
drawing its conclusions. Although the size of the unruptured aneurysm is a factor to be considered in the decisionmaking process, it should not always be considered the
primary factor. The majority of lesions in several reported
series of ruptured aneurysms were small. In addition, there
is a long list of factors that may play a role in the etiology
of aneurysmal rupture7,26–55 (Table 13.1). For most of these
factors, the extent of their influence on the rupture rate is
not known. Defining how these various factors influence
the activity within an aneurysm may one day help us differentiate between active and inactive aneurysms. With
regard to ACoA aneurysms, several studies reached conclusions contrary to those of the ISUIA. In a meta-analysis of
natural history studies, Mira and colleagues56 found that
the risk of rupture for unruptured anterior communicating
artery aneurysms was twice that of other locations (95%
confidence interval, 1.29–3.12). Furthermore, in a study
from Japan involving 13 hospitals, Yonekura57 reviewed the
rupture rates of aneurysms less than 5 mm in size. This
study included 329 patients with 380 aneurysms and a
mean follow-up of 13.8 months. The author found that the
annual rupture rate was 0.8%, but 18 of the aneurysms had
enlarged (seven grew more than 20 mm) during the study
period and were treated because of concern about their
growth and the possibility of rupture. This approach obviously created a bias in the final annual rupture rate, which
means the figure of 0.8% is probably an underestimate of
the real rupture rate if those 18 aneurysms had been left
untreated. The author also found that the risk of enlargement and rupture was influenced by the location at the
ACoA complex in addition to other factors.
To recommend treatment for any patient with an unruptured aneurysm, it is clear that the proposed treatment must have a much higher chance for a better
outcome than the natural history. For this reason, when we
evaluate a patient with a small aneurysm of the ACoA, we
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Table 13.1 Factors that May Influence Aneurysm Rupture
The hemodynamics, shape, and growth rate of the
aneurysm
Multiple aneurysms
The regional perfusion pressure
The volume–pressure relationship
Wall thickness
The relationship of the aneurysm to the parent vessel
The genetic makeup of the vessel wall
The patient’s ability to repair
The patient’s use of tobacco, alcohol, or both
Elevated blood pressure

take into consideration the following factors for the following reasons:
Patients who are younger have a longer life expectancy
and a higher cumulative risk of rupture during their lifetime. According to findings in studies by Juvela and col
leagues40–42,58,59 in Helsinki, the 30-year rupture rate of
aneurysms in general was 30.3%. Therefore, patients who
are in their 40s have a greater than 30% chance of rupture
during their lifetime. In other words, they have up to a 15%
chance of dying or being severely disabled. This risk should
be an indication for initiating treatment. Whether the treatment should be through microsurgical clipping or endovascular means is the subject of the moderator’s comments
at the end of this chapter.
Other factors that have previously been noted to influence the rate of rupture include a history of heavy cigarette
smoking, a family history of aneurysms, and untreated or
uncontrolled hypertension. More recently, several studies
suggested that the morphological features of the aneurysm,
especially those related to size, may correlate with aneurysmal rupture.60
One of the most important factors yet to be evaluated
for its influence on the rupture rate is the quality of the
wall of the aneurysm. Until now, we have had no way to
evaluate or assess this quality. In a pilot study at our institution, we reviewed the occurrence of a “blistering” type of
change in 100 patients with UIAs treated through microsurgical clipping. In 90% of the cases examined, there was
a significant weak spot in the aneurysmal wall that might
later be the location for a potential rupture. This observation emphasizes our lack of knowledge about which aneurysms will bleed and which will not.
Because of the complexity of the facts described here,
it continues to be very difficult for the treating neurosurgeon to decide whether a small UIA should be treated or
left alone. Therefore, to help surgeons make a more educated decision, we evaluated our experience with surgical
clipping of unruptured aneurysms as it compares with a
10-year survival for patients with unclipped aneurysms.61
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This study was conducted in 116 consecutive patients with
148 aneurysms. These aneurysms were divided into the
four groups defined by the ISUIA: small, medium, large,
and giant aneurysms. We then statistically analyzed the
severe morbidity and mortality expected to occur if our
cohort of patients had been included in the ISUIA and were
not operated on. These results were compared with the
surgical outcomes in our patients. The analysis showed a
statistically significant difference in the morbidity rate, but
surgical intervention had a positive and significant impact
on the mortality rate.

In conclusion, contrary to the ISUIA results, ACoA aneurysms are more common clinically and have a higher rate
of rupture than what was reported in unruptured aneurysm studies. For this reason we should have a low threshold for treating them, especially in younger patients. We
strongly advocate microsurgical clipping because nowadays, and in experienced hands, it has a very low rate of
morbidity and mortality and it is superior to coiling in its
durability and in providing patients with peace of mind,
especially in terms of the future need for retreatment or
the possibility of bleeding.

Management of Unruptured Anterior Communicating Aneurysms:
Natural History
Ning Lin and Rose Du
The prevalence of cerebral aneurysms is estimated to be
1 to 2% in the general population1,62,63 and could be higher
in the elderly.64 The management of an incidentally discovered intracranial aneurysm remains one of the most controversial topics in neurosurgery. Therapeutic options such
as microsurgical clipping or endovascular coiling are offered
to eradicate the potential risk of aneurysm rupture, which
results in SAH and can lead to devastating morbidity and
mortality. These interventions, however, also carry certain
risks, and in some situations may do more harm than good.
Therefore, it is essential to understand the natural history
of UIAs and carefully balance the risks and benefits of all
treatment options offered to a patient.

Observational Study and Meta-Analysis
The natural history of a UIA can ideally be assessed by a
prospective, randomized trial. Nevertheless, given the severe consequence of SAH and the generally low incidence
of aneurysmal rupture, clinicians and surgeons have been
reluctant to perform such a study.65 Instead, several observational cohort trials and meta-analyses have been conducted and published in the last decade; these represent
our best knowledge in estimating the bleeding risk of UIAs
(Table 13.2).
The most widely cited reports are probably the two
seminal papers by the ISUIA investigators.3,4 The first study,
ISUIA-I, consisted of a retrospective analysis of 1,449 patients harboring 1,937 unruptured aneurysms for a followup duration of 8.3 years.3 These patients were purposefully
divided into two groups: group 1 contained 727 patients
with no history of aneurysmal SAH, and group 2 contained
722 patients who had previous aneurysmal SAH but recovered well (Rankin scale 1–2). In group 1, the annual rupture

rate was 0.05% for aneurysms smaller than 10 mm and 1%
for aneurysms equal to or larger than 10 mm. In group 2,
the annual rupture rate was 0.5% for smaller aneurysms
and 1% for larger aneurysms. These results were drastically
lower than the majority of those from previous, smallerscale observational studies.26,59,66–68 After the study, many
questions were raised regarding selection bias, censoring
during the follow-up period, and the composition of aneurysms in different locations.19,64,69,70 Consequently, there
was a strong demand for a larger, better designed study to
further address the natural history of UIAs.
The second study (ISUIA-II) from the same group of investigators was published in 2003 and consisted of a prospective analysis of 1,692 patients with 2,686 aneurysms
for a follow-up period of 4.1 years.4 The patients were
again divided into two groups based on SAH history, and
the bleeding risk was stratified according to the location
and size of the aneurysm. For patients with no SAH history
(group 1, n = 1,077), the 5-year cumulative rupture rate for
anterior circulation aneurysms (excluding cavernous aneurysms of the internal carotid artery) smaller than 7 mm
was essentially 0%, and for posterior circulation aneurysms
(including posterior communicating artery aneurysms)
smaller than 7 mm, the cumulative rupture rate was 2.5%.
For patients with a history of SAH (group 2, n = 615), the
5-year cumulative rupture rates for small anterior and posterior circulation aneurysms were 1.5% and 3.4%, respectively. In addition, the cumulative rupture rates were 2.6%,
14.5%, and 40%, respectively, for anterior circulation aneurysms measuring 7 to 12 mm, 13 to 24 mm, and ≥ 25 mm,
and were 14.5%, 18.4%, and 50%, respectively, for posterior
circulation aneurysms in the same size categories. These
results provided better estimates of the natural history of
UIAs compared with the retrospective portion of the study;
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Table 13.2 Recent Studies of the Natural History of Unruptured Intracranial Aneurysms

Study

Year

Number
of
Patients

ISUIA-I3

1998

1,449

Retrospective

For aneurysms < 10 mm, the rupture rate was 0.05% per year if there was
no prior SAH history, 0.5% if there was SAH history. For aneurysms
≥ 10 mm, the rupture rate was 1% for both groups.

ISUIA-II4

2003

1,692

Prospective

For anterior circulation aneurysms, the 5-year cumulative rupture rates
were 0%, 2.6%, 14.5%, and 40% for aneurysms < 7 mm, 7–12 mm,
13–24 mm, and > 24 mm, respectively. For posterior circulation
aneurysms, the 5-year cumulative rupture rates were 2.5%, 14.5%,
18.4%, and 50% for the same size categories.

Juvela et al41

2008

142

Prospective

The cumulative rupture rates for all aneurysms were 10.5% at 10 years,
23% at 20 years, and 30.3% at 30 years.

Sonobe et al76*

2010

374

Prospective

The overall rupture rate was 0.54% per year. The rupture rate was 0.34%
per year for single aneurysms and 0.95% for multiple aneurysms.

Rinkel et al1

1998

3,907

Meta-analysis

The overall rupture rate was 1.9% per year. The rupture rate was 0.7%
per year for aneurysms ≤ 10 mm, and 4.0% per year for aneurysms
> 10 mm.

Mira et al56

2006

1,414

Meta-analysis

The rupture rate for ACoA aneurysms was 2.2% per year. ACoA aneurysms were twice as likely to rupture than aneurysms in other locations
(RR = 2.0, 95% CI = 1.29–3.12).

Type of
Study

Rupture Rate and Other Findings

Abbreviations: ACoA, anterior communicating artery; CI, confidence interval; RR, relative risk; SAH, subarachnoid hemorrhage.
*The study included only aneurysms < 5 mm in size.

nevertheless, ISUIA-II was still plagued by significant selection bias and design flaws. Of particular concern was the
large number of patients who were initially managed conservatively but received treatment during the follow-up
period (534 patients, or 31.6%). Moreover, there was a disproportionately low percentage of ACoA aneurysms in the
study population (10.3%), well below what was estimated
in the general population. Finally, the percentage of ruptured aneurysms smaller than 7 mm was much less than
would be expected based on the ISAT, in which more than
90% of ruptured aneurysms were smaller than 10 mm.12,71
This preponderance of small ruptured aneurysms is corroborated by other studies1,72,73 and is not explained by the
proportion of small aneurysms in the ISUIA study. Hence, it
is highly likely that the study underestimated the bleeding
risk in some groups of UIAs, and caution should be taken
when applying these results to evaluate a specific unruptured aneurysm.65,74,75
Juvela and colleagues41,72 in Helsinki, Finland, conducted
a comprehensive observational trial, which was not constrained by the same selection bias and high crossover rate
as the ISUIA because of a specific department policy prior
to 1979 that all intracranial aneurysms be managed conservatively. The authors evaluated 142 patients with 181
aneurysms for a mean duration of 18.1 years. They reported
cumulative rupture rates of 10.5% at 10 years after the diagnosis of a UIA, 23% at 20 years, and 30.3% at 30 years for the
entire group, which translated into roughly 1% per year.
The Helsinki series was of much smaller scale than the
ISUIA and had its own flaws because of the homogeneity of
the study population (all Finnish) and the fact that the vast

majority of patients had a history of SAH (131/142, 92%)
from a separate aneurysm. Nevertheless, it remains the
best designed and executed investigation to date because
of its complete follow-up information and essentially zero
crossover rate during the long observation period.
Given the focus on aneurysm size in the ISUIA, a recent
trial performed by 12 national hospitals in Japan intended
to address the rupture risk of small aneurysms (< 5 mm).76
The authors prospectively followed 374 patients for 3.5
years. These patients harbored 448 small aneurysms, and
seven patients suffered SAH, which translated into an annual rupture rate of 0.5% per year for all aneurysms. Ten of
these patients underwent surgical or endovascular treatment during the follow-up period (for a crossover rate of
2.7%) because of aneurysmal growth or at the surgeon’s
discretion, constituting a much smaller proportion compared with the ISUIA.
Several meta-analyses of historic trials also provided
insight into the risk of bleeding for UIAs. Rinkel and colleagues1 published a comprehensive analysis of the prevalence and natural history of UIAs by exhaustively reviewing
the literature published from 1955 to 1996. The authors
identified nine studies totaling 3,907 patients and reported
an overall rupture rate of 1.9% per year for all aneurysms. In
particular, the rupture rate was 0.7% for aneurysms < 10
mm and 4% for aneurysms ≥ 10 mm. Moreover, the authors
reported a roughly 1.1% per year rupture rate for all anterior circulation aneurysms and 4.4% per year for posterior
circulation aneurysms. These results were in close agreement with those reported by Juvela and associates.41,72 Another recent meta-analysis by Mira and colleagues56 was
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intended to study the specific rupture risk of ACoA aneurysms because these were believed to be associated with a
higher rupture rate than aneurysms in other locations but
were underrepresented in large observational trials such
as the ISUIA. The authors selected nine series published
between 1987 and 2005; these series contained 1414 UIAs,
151 of which were ACoA aneurysms. The authors found
that the relative risk of rupture of an ACoA aneurysm was
nearly twice as high as that of aneurysms in other anterior
or posterior circulations.

Table 13.3 Demographic and Clinical Risk Factors
Associated with Higher Rupture Rate
Risk Factors
Demographic factors

Female sex42,64
Age (inversely)41,82

Clinical factors

Hypertension26,77,82
Active smoking42,77,78,81
Family history83,94
Multiple aneurysms85,95
Posterior circulation aneurysms1,4

Other Risk Factors of
Aneurysm Rupture
The rupture risk of an intracranial aneurysm depends on
several demographic and biological factors in addition
to the size and location of the aneurysm. The natural history of a UIA in a specific patient must be assessed with
the clear understanding of his or her medical condition.
For example, family history, female sex, multiple aneurysms, smoking, excessive alcohol consumption, the presence of daughter domes, and uncontrolled hypertension
have all been shown to be predictors of an unfavorable
natural history course4,42,64,77–83 (Table 13.3). The patient’s
age at the time of diagnosis is also of vital importance
because a longer life expectancy usually places younger
patients at a higher accumulated rupture risk than older
patients. The Helsinki group, in fact, found that patient
age was inversely associated with future aneurysm
rupture.42
Active cigarette smoking is the most significant modifiable risk factor associated with aneurysm growth and
rupture. Tobacco smoking is thought to accelerate the formation of atherosclerotic plaques, induce interstitial inflammation around intracranial vasculature, and weaken
the vessel wall around the aneurysm. In the Helsinki series,
active smokers were four times more likely to develop
new aneurysms or exhibit aneurysmal growth during the
follow-up period.42,72 Similar results were found in respective studies done by investigators from the United States,78
Sweden,81 and Japan.77 Smoking cessation is considered
an important management step for patients harboring
an UIA.
The relationship between the morphological parameters of an aneurysm and its rupture risk has only recently
been systematically studied. Raghavan and colleagues80
evaluated eight geometric factors in 27 aneurysms (nine
ruptured, 18 unruptured) and found that ruptured aneurysms were associated with a significantly higher aspect
ratio (aneurysm height divided by base diameter), undulation index (the roughness of the aneurysm’s surface), and
nonsphericity index (how nonspherical the aneurysm is).
Dhar and associates79 defined additional parameters while
studying a larger group of 45 aneurysms (20 ruptured, 25
ruptured) and reported that the size ratio (maximum aneurysmal height divided by the average diameter of parent

Aneurysms > 7 mm4,64
Unfavorable morphology79,80

and daughter vessels) was the most significant predictor of
aneurysm rupture. In our series of 78 patients with middle
cerebral artery aneurysms (43 ruptured, 35 unruptured),84
a higher aspect ratio, a larger flow angle (the angle between the parent vessel and the axis of maximum aneurysmal height), and a smaller parent-to-daughter angle were
strongly associated with aneurysm rupture. These simple
morphological parameters could be used in conjunction
with aneurysm size, location, and other demographic and
clinical risk factors to evaluate the rupture risk of middle
cerebral artery aneurysms.

Guidelines for the Management of
Incidental Unruptured Intracranial
Aneurysms
Although the optimal management of an incidental un
ruptured aneurysm remains controversial, a few groups
have offered guidelines or recommendations for a general
approach to these lesions (Table 13.4). In 2000, the Stroke
Council of the American Heart Association recommended
intervention for all symptomatic aneurysms and asymptomatic aneurysms ≥ 10 mm while voicing caution for
treating patients with asymptomatic aneurysms < 10 mm
unless the patient has a history of SAH.19 These suggestions
were clearly influenced by the results of ISUIA-I and did not
take into consideration the prospective portion of the ISUIA
trial and other studies available after 2000. In 2008, a group
of experts from Columbia University reviewed additional
literature and published updated guidelines regarding the
management of incidental UIAs.64 Although these authors
continued to advocate treatment for all symptomatic aneurysms and aneurysms ≥ 10 mm, they also recommended
intervention for aneurysms ≥ 5 mm in patients younger
than 60 years of age.
In practice, we concur with most of the recommendations from the Columbia group. We share their opinion that
aneurysms should be treated aggressively in young patients and in those who experience excessive psychological
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Table 13.4 Expert Recommendations for the Management of Unruptured Intracranial Aneurysms
Stroke Council19

Columbia University64

Management of symptomatic UIAs

All symptomatic aneurysms should be treated.

All symptomatic aneurysms should be
treated.

Management of small, asymptomatic
UIAs

Aneurysms < 10 mm in patients without prior
SAH history may be observed, but special
consideration for treatment should be given
to young patients, patients with aneurysms
approaching 10 mm, and patients with
unfavorable morphology or other risk
factors.

Small incidental aneurysms < 5 mm
should be managed conservatively.
Incidental aneurysms ≥ 5 mm in
patients younger than 60 years of
age should be treated.

Management of large, asymptomatic
UIAs

Large asymptomatic aneurysms > 10 mm
should be treated with consideration of
patient age and existing medical conditions.

Large incidental aneurysms > 10 mm
should be treated in healthy patients
younger than 70 years of age.

Treatment of patients with prior SAH
history

Aneurysms in patients with prior SAH history
carry a higher risk of rupture, particularly in
the posterior circulation. They should be
considered for treatment.

Not specified

Clipping versus coiling as the
treatment of UIAs

Not specified

Microsurgical clipping should be the
first choice in low-risk, young
patients.

Abbreviations: UIA, unruptured intracranial aneurysm; SAH, subarachnoid hemorrhage.

stress from harboring a UIA.64 Smaller aneurysms (< 5 mm)
in patients with multiple risk factors, such as a positive
family history, worrisome morphology, or active smoking,
may also warrant early intervention (Fig. 13.3). On the
other hand, if the patient has no risk factors and the aneurysm does not have any unfavorable morphological features,

a

b

Fig. 13.3a–c Radiological images of a 28-year-old woman who
experienced a sudden onset of severe headache. The computed
tomography (CT) scan (a) shows diffuse subarachnoid hemor-

an argument could be made to at least start with observation and then intervene if the aneurysm shows signs of
growth. This approach requires vascular imaging at regular
time intervals and close follow-up of the patient. Establishing mutual understanding and trust is essential for the successful treatment of patients with UIAs.

c

rhage and hydrocephalus. The CT angiogram (b) and three-
dimensional reconstruction of the cerebral angiogram (c) reveal
an irregular 4-mm anterior communicating artery aneurysm.
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Moderator
Management of Unruptured Anterior Communicating Aneurysms:
Coiling vs. Clipping vs. the Natural History
Robert F. Spetzler
The above three authored sections are remarkable in the
similarity of their conclusions. Clearly, critical data are
lacking to make a level I recommendation for the treatment
of an asymptomatic 7-mm ACoA aneurysm in a 40-yearold woman without associated risk factors, making a consensus by these authors compelling.
The available data are confusing. The ISUIA provided
conflicting rates of hemorrhage, depending on whether
one considers the retrospective (ISUIA-I)3 or prospective
(ISUIA-II) trial.4 In the retrospective study,3 incidental aneurysms smaller than 10 mm were associated with a
0.05% rupture rate that jumped 10-fold in the prospective
study.4 These findings emphasize the dilemma associated
with which numbers to use for making clinical decisions.
One explanation is that the neurosurgeons were adept at
selecting the most dangerous aneurysms for surgical treatment, thereby leaving patients with the aneurysms less
likely to bleed available for the retrospective arm.3 In the
prospective study (ISUIA-II), there is significant bias in
the small percentage of ACoA aneurysms entered,4 that is,
10%. This percentage is much smaller than the percentage
of small ruptured aneurysms found in clinical practice. Finally, there is the dilemma that more than 90% of aneurysms that become symptomatic with SAH are smaller than
10 mm in diameter.
Considering the Finnish and Japanese studies and the
meta-analysis of rupture rates,1,56,59,86 we can appreciate
the difficulty of obtaining solid numbers on which to base
clinical decisions. In contrast to the ISUIA, the Japanese
study reported a much higher risk of rupture for ACoA aneurysms than those at other locations (2.2% per year, twice
as likely as other sites).56 That the best observational studies are consistent, with a predictable 0.5 to 1.0% or higher
annual rate of hemorrhage for small aneurysms,1,56,59,86
leads all three sets of authors to recommend treatment as a
reasonable option.
The question then becomes which treatment option
to choose. It is telling that the endovascular team recommends surgery as a primary consideration for this particular aneurysm because of the wide-based neck and the
likely need for a more complex construct such as a stent.
We all have our own biases, and mine are as deeply ingrained as anyone else’s. However, our treatment recommendations should be based on the best available literature,
and I believe the endovascular opinion is sound and on target in this case.
Let us briefly review the current landscape in terms of
choosing whether to clip or coil an aneurysm. Two contemporary prospective studies have evaluated this issue: the

ISAT and the Barrow Ruptured Aneurysm Trial (BRAT).12,87–89
Both studies showed a benefit from coiling 1 year after
treatment.12,87 Neither study found a significant difference
in clinical outcome between the two treatments at 5 and
3 years, respectively.88,89 The ISAT study, however, did find
a significant difference in the mortality rates between the
two groups in favor of coiling. This difference, however,
was based on pretreatment deaths related to the delay of
more than 12 hours before clipping compared with those
undergoing endovascular coiling. When this point is taken
into account, there is no difference between the two treatment arms.90 Furthermore, follow-up data from the ISAT
study suggest that younger patients like the one presented
for this discussion have better long-term outcomes with
clipping compared with coiling.91
The entry criteria of the two studies differed markedly.
The ISAT entered only 23% of eligible patients and excluded
the vast majority of patients from the study.12 The BRAT
study randomized all eligible patients with SAH, irrespective of their anatomic presentation. This intent-to-treat design, however, led to a 38% crossover from the coiling group
to the clipping group, mostly due to anatomic factors such
as hematomas and the size of the aneurysm or the configuration of its neck.87 The ISAT study had a profound effect on
the management of aneurysms. In the United Kingdom, the
rate of clipping declined from 51% to 31% and the rate of
coiling increased from 35 to 68%.92
A recent, interesting study evaluated the actual results
of change in practice patterns after the publication of the
ISAT. O’Kelly and colleagues93 retrospectively analyzed a
cohort of adult patients with aneurysmal SAH who underwent treatment in Ontario between 1995 and 2004. Their
goal was to determine whether endovascular occlusion of
the ruptured aneurysm reduced the likelihood of readmission for SAH and the mortality rate compared with surgical
occlusion. They counted 3,120 patients, 778 of whom had
undergone coiling and 2,342 of whom had undergone clipping. In general, the rate of coiling tended to increase as the
study years progressed. The marked difference in the mortality rate (p < 0.0001, 24.8% clipping versus 27.1% coiling)
favored clipping. The rate of readmissions for SAH also
significantly favored clipping (1.8%) compared with coiling
(3.06%). Endovascular coiling was associated with a 25% increased risk of death or recurrent SAH.93 In contrast to the
ISAT,12 in which coiling was done significantly earlier than
clipping, the study by O’Kelly and colleagues showed that
the time from admission to treatment was 2.68 days for
coiling versus 1.99 days for the clipping group.93 When a
cohort of patients similar to the ISAT patient population
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Table 13.5 Advantages and Disadvantages of Clipping and Coiling
Treatment

Advantages

Disadvantages

Advances

Clipping

Better initial occlusion
Lower recurrence rate
Lower re-bleed rate
Few exclusions

Higher initial morbidity and mortality
More invasive
Seizure and cognitive risks?

ICG
Adenosine
Less retraction

Coiling

Lower initial morbidity and
mortality
Less invasive

Less occlusion
Higher re-bleed rate
Increased morbidity and mortality with
stents
Higher recurrence rate

Many stents, new coils, flow diverters,
glues, catheters, etc.
Industry driven

Abbreviations: ICG, indocyanine green videography.

was analyzed from each treatment group, the benefit of clipping was no longer statistically significant. The difficulty
and risk of generalizing results from studies with highly
selected patient populations to general practice are obvious. Furthermore, both treatments have their own advantages and disadvantages (Table 13.5). It is obvious that both
treatment modalities need to be available to offer each patient the best possible care.

In conclusion, I agree with the opinions expressed by
the other experts and would also recommend clipping as the
preferred treatment for this particular patient. I strongly
believe that collaborative evaluation, which includes access
to both treatment modalities to obtain the best recommendations for any individual patient, is the hallmark of excellent patient care.
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Chapter 14

Treatment of Giant
Ophthalmic Aneurysms

Case
A 35-year-old patient who smokes presented with grade I subarachnoid hemorrhage. On examination,
the patient had a nasal visual field defect. Digital subtraction angiography and three-dimensional reconstruction delineated a giant right ophthalmic aneurysm.

Participants
Endovascular Treatment of Giant Ophthalmic Artery Aneurysms: Bradley A. Gross, Stephen V. Nalbach, and
Kai U. Frerichs
Treatment of Giant Ophthalmic Aneurysms: Microsurgical Clipping: Ana Rodríguez-Hernández, Osman
Arikan Nacar, and Michael T. Lawton
Treatment of Giant and Large Carotid Ophthalmic Artery (Paraclinoid) Aneurysms: A Combined Microsurgical and Endovascular Approach: Rami Almefty and Kenan I. Arnautovic
Treatment of Giant Aneurysms of the Carotid Ophthalmic Artery: The Pipeline Embolization Device: Christopher S. Ogilvy and Christopher J. Stapleton
Moderators: The Treatment of Giant Ophthalmic Artery Aneurysms: Mark J. Dannenbaum and Arthur L.
Day
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Endovascular Treatment of Giant Ophthalmic Artery Aneurysms
Bradley A. Gross, Stephen V. Nalbach, and Kai U. Frerichs
According to the International Study of Unruptured Intracranial Aneurysms, giant noncavernous aneurysms of the
internal carotid artery (ICA) have an unfortunate natural
history with an annual rupture rate of about 8%.1 Unless
treatment is contraindicated by the patient’s age or numerous medical comorbidities, the incidental finding of these
aneurysms strongly merits intervention.
The two standard treatment options for giant ophthalmic artery aneurysms include microsurgical direct clip ligation and endovascular coiling with or without adjunctive
balloon remodeling or stenting.2–9 Fortunately, most large
and giant ophthalmic artery aneurysms are saccular, allowing for direct clip reconstruction without the need for
revascularization techniques. Nevertheless, the ubiquitous
need for an adjunctive anterior clinoidectomy in combination with the added challenge of clip reconstruction do add
to the morbidity of the procedure as a result of cerebro
spinal fluid leakage, thermal injury to the optic nerve, or
perforator injury. In addition, proximal control essentially
requires access to the cervical carotid artery. Not un
commonly, these giant aneurysms have some degree of
calcification, a characteristic that can make microsurgical
management treacherous if the calcification is present at
the neck of the aneurysm. Modern, candid assessments
of microsurgical morbidity after clipping of very large or
giant anterior circulation aneurysms have reported major
neurologic complication rates as high as 44% with concomitant systemic complication rates as high as 30%.4 A recent
report of very large or giant ophthalmic segment aneurysms treated surgically reported a 71% obliteration rate
with a 14% visual complication rate and a 14% additional
rate of hemispheric ischemia.3

Advantages of Endovascular Techniques
Ophthalmic artery aneurysms are advantageously located
from an endovascular perspective. It is generally easy to
gain access to these proximal lesions, and it is often feasible
to successfully navigate a variety of adjunctive balloons
or stents (Fig. 14.1). Not surprisingly, the endovascular
management of large and giant carotid-ophthalmic artery
aneurysms has been associated with relatively low morbidity.5,9 A recent report by Yadla and colleagues9 compared
microsurgical to endovascular results in the treatment of
170 patients with carotid ophthalmic aneurysms. The
authors noted a greater rate of complications that was statistically significantly in the microsurgical cohort (26.1%)
compared with the endovascular cohort (1.4%, p = 0.001).
Specifically, of eight patients with giant ophthalmic aneurysms, two of three treated with clip ligation had major
complications (visual loss), whereas none of the five treated
with endovascular techniques had complications. Another

recent report described no complications or aneurysm ruptures after stent-coil treatment of seven very large or giant
ophthalmic aneurysms (2 to 3.5 cm).5

Limitations of Endovascular Techniques
Endovascular coiling has not achieved similar rates of complete obliteration compared with surgical techniques,5,8
but the clinical significance of this finding balanced against
the impact of lower procedural morbidity remains to be
elucidated. Preliminary studies have already shown some
benefit to partial coiling.10 In the Barrow Ruptured Aneurysm Trial, although the rates of aneurysm obliteration were
not provided, none of the aneurysms treated with coil embolization re-bled over a 3-year follow-up period.11
The potential for recanalization and partial thrombosis
of the aneurysm may also limit endovascular strategies.
In addition, the clinical impact of endovascular coiling of
symptomatic ophthalmic aneurysms remains controversial.
One study of patients with large, symptomatic ophthalmic
segment aneurysms treated with endovascular coiling reported visual improvement in 50%, stability in 25%, and
worsening in 25%. Although these rates are generally lower
than those seen in microsurgical cohorts, the contrast may
not be as stark as expected. Visual worsening is seen in at
least 10% of patients with symptomatic ophthalmic aneurysms in oft-cited surgical series.2,3,7 Nevertheless, the ability to surgically decompress the optic apparatus has fueled
an intuitive bias toward this approach for patients with
symptomatic ophthalmic aneurysms.

Burgeoning Endovascular Techniques:
Flow Diversion
Along with cavernous segment aneurysms, large and giant
ophthalmic segment aneurysms are essentially the archetypal anterior circulation targets for emerging flow-diverting
stent monotherapy.12 This approach allows for the potential
alleviation of mass effect from these aneurysms as a result
of aneurysm involution after treatment. In the seminal
Pipeline series of 53 patients harboring 63 intracranial aneurysms (30 large or giant), no major complications were
reported and the angiographic obliteration rate was 95% at
1 year.12 Although infrequent, cases of branch-vessel inclusion, including the ophthalmic artery, have been reported.13
In one series of 19 paraclinoid aneurysms treated with the
Pipeline embolization device (PED; Chestnut Medical Technologies, Menlo Park, CA), four patients showed angiographic occlusion of the ophthalmic artery at follow-up,
though none were symptomatic.13 Case reports of delayed
hemorrhage have also surfaced14; however, the prevalence
of this potentially devastating complication among larger
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Fig. 14.1a–g (a-c) Three-dimensional reconstruction
and digital subtraction angiography of a giant left ophthalmic aneurysm incidentally discovered in a healthy
52-year-old patient. (d–g) This patient underwent stent
placement followed by coiling of the aneurysm with the
progression shown here. The patient tolerated this procedure without incident and remains neurologically intact.

g
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cohorts remains to be elucidated. Nevertheless, this technique is still in its infancy. Overall, it has shown considerable
promise and is particularly germane in the consideration

of treatment options for patients with large and giant ophthalmic segment aneurysms.

Treatment of Giant Ophthalmic Aneurysms: Microsurgical Clipping
Ana Rodríguez-Hernández, Osman Arikan Nacar, and Michael T. Lawton
Aneurysms arising from the ICA adjacent to the anterior
clinoid process vary in their artery of origin, projection, and
relationship to the dural rings and cavernous sinus.15 These
so-called paraclinoid aneurysms can be categorized as
ophthalmic, superior hypophyseal, or variant aneurysms,
with variant aneurysms including dorsal carotid aneurysms,
carotid cave aneurysms, clinoidal segment aneurysms, and
ventral carotid aneurysms (Fig. 14.2). These aneurysms
originate on the ICA between the proximal dural ring and
posterior communicating artery, either on the C6 segment
of van Loveren’s classification (between the distal dural
ring and posterior communicating artery) or on the C5 segment (between the dural rings). Paraclinoid aneurysms
account for 5% of all intracranial aneurysms, and giant, multiple, and bilateral aneurysms are frequent among them.16–18
Their anatomic complexity, proximity to the optic nerve,
and intimacy with the cavernous sinus makes these aneurysms surgically challenging despite the advances in microsurgical techniques.19 This territory has been fertile ground
for endovascular innovation and advancements, but the
completeness of treatment, durability of endovascular repair, and visual outcomes with compressive lesions remain
major concerns with this alternative modality.3, 20 This sec-

a

b

Fig. 14.2 The classification of paraclinoid aneurysms according
to their location along the C5 and C6 segment of the internal carotid artery as viewed from lateral (a), superior (b), and anterior
(c) perspectives. Clin, clinoid; Dor, dorsal; ICA, internal carotid

tion of the chapter highlights our surgical perspective on
paraclinoid aneurysms.

Case Analysis
Diagnosis
The aneurysm in this chapter’s presented case arises from
the superior surface of the ICA, at the end of the siphon’s
curve, projecting superomedially in the direction of the
blood flow around the bend. Aneurysms in this location
with a clear relationship to the ophthalmic artery are
considered ophthalmic artery aneurysms, whereas those
arising on the superior surface but separate from the ophthalmic origin are categorized as dorsal ICA aneurysms.
Dorsal carotid aneurysms are usually small, blister-shaped,
and often caused by arterial dissection. The available
images do not clearly reveal the origin of the aneurysm
in this case, but the location, size, morphology, and projection are most consistent with an ophthalmic artery
aneurysm.
The dome of an ophthalmic artery aneurysm usually
has an impact on the lateral half of the optic nerve because

c

artery; II, optic nerve; MCA, middle cerebral artery; OphA, ophthalmic artery; PCoA, posterior communicating artery; SHA, superior hypophyseal artery; Tent, tentorium; Ven, ventral.
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the nerve angles medially along its course to the chiasm
and ICA and curves laterally along its supraclinoid course.
The optic nerve is typically displaced superiorly and medially, with its superolateral aspect pressed against the falciform ligament, provoking the nasal visual field defect in
this patient.

Management Options
The goals of therapy are to protect the patient from aneurysm re-rupture and prevent further visual loss from the
aneurysm’s mass effect. Microsurgical clipping and endovascular coiling are both appropriate and available options,
making the choice controversial.
Endovascular coiling is appealing because it is less invasive than an open craniotomy and has low rates of morbidity and mortality.20 Despite this aneurysm’s large size, the
neck is small and well defined; there is a reasonable chance
that dense packing can be done without a stent or balloon.
However, rates of complete occlusion decrease with an increasing aneurysm size and range from 33 to 60% in giant
aneurysms.20–22 Endovascular therapy does not require any
manipulation of the optic nerve as surgery does, but the
mass effect on the optic apparatus remains after treatment
and the likelihood of visual improvement is low. Heran and
colleagues6 and Sherif and associates23 reported a 25 to
33% rate of visual deterioration after endovascular treatment of large or giant aneurysms of the ophthalmic artery.
Only 50% of patients showed visual improvement after endovascular treatment and only when the carotid was occluded. Furthermore, the risk of aneurysm recurrence and
retreatment is considerable, given this aneurysm’s size, its
location at a point of high hemodynamic stress, and its angulation between inflow and outflow arteries. The patient
would require angiographic surveillance, with an estimated
risk of recurrence of 20 to 40%. Additional retreatment is
associated with some additional morbidity and may be
more complicated when the aneurysm has grown.
New devices such as the PED are indicated for paraclinoid aneurysms like this one. Endoluminal flow diverters
have performed favorably with these aneurysms, but the
requirement of antiplatelet agents for at least 6 months
limits their use in patients with subarachnoid hemorrhage.
Treatment with a flow diverter would necessarily cover the
ophthalmic origin, which could occlude the artery and
cause new visual symptoms. In addition, long-term results
are unclear. Delayed aneurysm ruptures have been reported
after treatment with flow diverters, even among previously
unruptured aneurysms.
Surgical results with ophthalmic aneurysms are excellent, with complete aneurysm occlusion rates in over 80 to
90% of patients, low rates of recurrence, and visual outcomes that are superior to those associated with endovascular therapy.2,8,16,18,19,21,24,25 The anatomy of the paraclinoid
region is complex, and safe dissection requires detailed
knowledge of the dural rings, optic strut, cavernous sinus,
and internal carotid artery.26 These aneurysms cannot be
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thoroughly dissected without a complete anterior clinoidectomy; however, dissection must respect the delicacy and
importance of the optic nerve.15,27 Preserving the arachnoidal layers around the nerve and manipulating the ICA
rather than the nerve translate into better visual results.15
Working with ophthalmic artery aneurysms is more
favorable than working with other paraclinoid aneurysms
because the dome is not intimately associated with the anterior clinoid process, complete circumferential dissection
of the distal dural ring is not necessary, and a neck on the
superior ICA wall is easier to clip than one on the medial
ICA wall.15 A distinct advantage of surgery is the ability to
decompress the optic nerve by opening the optic canal and
deflating the aneurysm after clipping. These maneuvers
increase the likelihood of visual recovery. The potential benefits of optic nerve decompression after clipping must be
carefully weighed against the risks of visual deterioration
during the dissection. An optic nerve that is stretched and
attenuated by a large ophthalmic artery aneurysm is particularly vulnerable to manipulation. An anterior clinoidectomy can affect the nerve because of heat or vibration
from the drill, and dissection can cause perforator spasm or
loss. Nonetheless, the risk of visual deterioration with ophthalmic artery aneurysms is around 2 to 4%.23,27,28 However, more than 70% of patients with ophthalmic aneurysms
experience visual improvement after surgery.2 Technical
advances have facilitated surgery. Hemostatic agents can
be injected into the cavernous sinus to control bleeding,
and indocyanine green dye provides quick, reliable information about carotid patency and aneurysm occlusion.
This chapter’s case, a 35-year-old woman with no significant comorbidities and a large ophthalmic artery aneurysm,
is an ideal candidate for microsurgical clipping. Surgery can
produce a durable cure that will prevent rebleeding and
might improve her vision. In contrast, endovascular treatment can be accomplished with a lower procedural risk, but
may not improve her vision, would require angiographic
follow-up, and would have a significant recurrence risk,
and the patient might need retreatment during her lifetime. Therefore, the treatment of choice for this particular
patient is microsurgical clipping.

Surgical Technique
Ophthalmic artery aneurysms are approached through a
standard pterional approach. The patient is positioned with
the anterior cranial fossa oriented vertically and the head
rotated 30 degrees laterally. The cervical ICA is routinely
prepared in all cases and advanced neck exposure should be
considered in ruptured or giant aneurysms. Preparations
for intraoperative angiography are made at the start of the
procedure, although indocyanine green video-angiography
has supplanted angiography in our practice.15
An anterior clinoidectomy and circumferential dissection of the distal dural ring are required for most cases of
ophthalmic aneurysms to gain intracranial proximal control and allow the correct positioning of the clip blades.
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The anterior clinoidectomy can be completed extradurally
(the Dolenc approach),27 but we prefer an intradural clinoidectomy because it allows the surgeon to visualize the
aneurysm and enables immediate clipping if the aneurysm
ruptures prematurely.15
The sylvian fissure is widely split to expose the arachnoid over the optic nerve and the supraclinoid segment of
the ICA. The dura covering the anterior clinoid process is
sharply incised in an arc that extends from the posterior tip
of the clinoid to the lateral sphenoid ridge. A second dural
incision is made from the middle of the first cut, arcing medially across the roof of the optic canal onto the planum
sphenoidale to the medial aspect of the falciform ligament
(Fig. 14.3a). The two dural flaps are elevated with round

knives and mobilized to expose the clinoid completely. A
round, diamond-tipped drill bit (2 mm in diameter) is used
to cavitate and then remove the clinoid process. Copious
irrigation with cold saline and frequent pauses help dissipate the heat from the drill.
First, the optic canal is unroofed to provide early decompression of the optic nerve, which also improves its tolerance of further clinoidal dissection. Next, the cancellous
core of the anterior clinoid process is cavitated with the
drill, and its cortical margins are thinned to reduce the
anterior clinoid attachments medially from the roof and
lateral wall of the optic canal and inferiorly from the
optic strut (Fig. 14.3b,c). Finally, circumferential dissection around the cortical margins of the anterior clinoid

a

b

c

d

Fig. 14.3a–e The microsurgical steps for the anterior clinoidectomy. (a) Incising the dura on the anterior clinoid process.
(b) Unroofing the optic canal and cavitating the anterior clinoid

process. (c) Removing the anterior clinoid process and opening
the optic sheath. (d) Incising the distal ring superiorly. (continued
on next page)
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e
Fig. 14.3a–e (continued ) (e) Incising the distal dural ring medially first and then laterally and inferiorly. ACoA, anterior communicating artery; ACP, anterior clinoid process; An, aneurysm;
ICA, internal carotid artery; II, optic nerve; OphA, Ophthalmic
artery.

Fig. 14.4 The tandem clipping technique for a large ophthalmic artery aneurysm, with the fenestration encircling the origin
of the artery and a stacked straight clip closing the fenestration.
An, aneurysm; ICA, internal carotid artery; II, optic nerve; OphA,
ophthalmic artery.

process loosens adhesions to the carotid-oculomotor membrane inferiorly, the sphenoidal dura laterally, the tentorial
dura posteriorly, and the optic sheath medially, thus allowing the anterior clinoid process to be removed with minimal force. Final removal of the anterior clinoid process
often provokes cavernous sinus bleeding, which is easily
controlled with Nu-Knit packing or an injection of fibrin
glue through the bleeding point in the carotid-oculomotor
membrane.
The optic strut fills in the space in front of the clinoidal
segment of the ICA, where the distal dural ring crosses the
curve of the artery around the siphon. Bony reduction of
the strut with a diamond-tip drill bit (1 mm diameter) allows the superior portion of the distal dural ring to be mobilized, opening an incision pathway for the microscissors.
The operating table is rotated for a more lateral view under
the optic nerve. Additional drilling of the strut is alternated
with dural snips that follow the dorsal curve of the clinoidal ICA medially to the carotid sulcus (Fig. 14.3d). The dissection should remain in the axilla of the ophthalmic artery
to avoid the perforators arising from the shoulder to the
undersurface of the optic nerve. Any needed manipulation
should be done against the clinoidal ICA rather than against
the optic nerve. The final medial cuts complete dissection
of the upper half of the distal ring, untethering the ICA.
Dissection returns to the dural ring laterally to incise
the lower half of the ring, again following the curve of the
clinoidal ICA medially but now on its inferior surface (Fig.
14.3e). It is difficult to join this inferomedial dissection
with the previous superomedial cuts, but a completely cir-

cumferential incision of the ring is not needed with most
ophthalmic artery aneurysms. In this particular case, the
aneurysm has its neck on the superior wall of the carotid
artery and the dome projects superiorly. Thus, an incision
around the upper half of the distal ring may be enough for
permanent clipping.
The aneurysm must be dissected proximally from the
ophthalmic artery origin and distally from the superior
hypophyseal artery and other medial perforators. The optic
nerve poorly tolerates manipulation, particularly when it
is already deflected, as in this patient. Instead, gentle
pressure downward and slightly laterally moves the ICA
after ring dissection to advance the proximal and distal
neck dissection. If necessary, temporary clipping of the cervical ICA softens the aneurysm and permits more forceful
manipulation.
Large or giant aneurysms like the one we are discussing
are ideally clipped with a tandem clipping: first, a straight
fenestrated clip to close the most medial part of the neck,
followed by a second straight clip stacked over the fenestration to close it (Fig. 14.4). This tandem clipping can
leave residual aneurysm medially beneath the tips of the
first clip. In this case, a third fenestrated clip with its fenestration encircling the blades of the initial clip would
take care of that medial neck remnant. Indocyanine green
video-angiography assesses the completeness of aneurysm
occlusion and the patency of the parent vessels. Finally, as
the aneurysm is causing a visual defect, it should be punctured, deflated, or debulked to relieve pressure on the optic
nerve.
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Conclusion

the microsurgical treatment of aneurysms in this location
is technically challenging and has some associated risks,
meticulous dissection can yield a durable cure with a
chance of visual recovery.

The large, ruptured ophthalmic artery aneurysm in this
young patient is ideal for microsurgical clipping. Although

Treatment of Giant and Large Carotid Ophthalmic Artery
(Paraclinoid) Aneurysms: A Combined Microsurgical
and Endovascular Approach
Rami Almefty and Kenan I. Arnautovic

Case Analysis

Cranio-Orbital Zygomatic Approach

This chapter’s case presentation is a patient with a large,
unruptured paraclinoid aneurysm with mass effect manifested by a visual field deficit and severe headaches associated with left retro-orbital pain (Fig. 14.5). The aneurysm
size with its associated risk of rupture and the presence of
mass effect necessitate treatment. The paraclinoid aneurysm is a challenging lesion because of its large size, wide
neck, intimate relationship to the optic nerve, and difficulty
for the surgeon to obtain proximal control. The combined
use of endovascular and skull-base techniques, however,
facilitates the process.

The cranio-orbital zygomatic approach has been described
in detail elsewhere.29–33 The patient is placed in the supine
position with a shoulder bump on the ipsilateral side. Intraoperative monitoring with electroencephalography, somatosensory evoked potentials, brainstem auditory evoked
responses, and oculomotor nerve monitoring is done. The
patient’s head is turned 30 to 40 degrees, lowered to the
floor, tilted 5 to 10 degrees, and fixed in a Mayfield head
clamp (Fig. 14.6). The skin incision is begun at the level of
the zygomatic arch 1 cm anterior to the tragus and continued behind the hairline to the opposite superior temporal
line. The incision should avoid the frontal branch of the
facial nerve and the superficial temporal artery. During
dissection of the superficial and deep temporal fascia, care
is taken to protect the frontal branch of the facial nerve and
preserve the blood supply to the temporalis muscle. The
zygomatic arch is then cut obliquely, allowing maximal
downward reflection of the temporalis. A large pericranial
graft is harvested for reconstruction of the anterior fossa
floor and for closing the frontal and ethmoid sinuses, if nec-

Operative Technique
The three major steps in the treatment strategy include
acranio-orbital zygomatic approach, removal of the anterior clinoid process, and transfemoral endovascular balloon occlusion followed by distal control through direct
temporary clipping and suction decompression of the
aneurysm.

a

b

Fig. 14.5a–c (a) Large left paraclinoid aneurysm, oblique
view of the four-vessel angiogram. (b) Lateral view of the
same aneurysm.
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c
Fig. 14.5a–c (continued ) (c) Axial computed tomography scan
with bone windows. Note the left-sided anterior clinoid process.
(From Arnautović KI, Al-Mefty O, Angtuaco E. A combined micro-

surgical skull-base and endovascular approach to giant and large
paraclinoid aneurysms. Surg Neurol 1998;50:504–520. Reprinted
by permission.)

essary. The supraorbital nerve is dissected away or freed
from its foramen.
The craniotomy is done with three bur holes (Fig. 14.7).
The first bur hole, the keyhole, is made just behind the zygomatic process of the frontal bone at the frontosphenoidal
junction with the upper half opening into the anterior fossa
and the lower half into the orbit (Fig. 14.8). Additional bur
holes are made in the posterior temporal fossa and in the
frontal bone above the supraorbital incisura and lateral to
the nasion, with an attempt to avoid the frontal sinus. If the
frontal sinus is encountered, the mucosa is stripped and
packed with temporalis muscle. The bur holes are then connected with the craniotome. The final cut is made between
the keyhole and the frontal hole and a spatula is used to
protect the contents of the orbit. The remaining part of the
orbital roof and lateral wall are then removed (Fig. 14.9).
Fig. 14.6 Operative position of the patient for a right-sided
cranio-orbital zygomatic approach. (From Arnautović KI, Al-Mefty
O, Angtuaco E. A combined microsurgical skull-base and endovascular approach to giant and large paraclinoid aneurysms. Surg
Neurol 1998;50:504–520. Reprinted by permission.)

Dissecting the Aneurysm
After the bone flap is removed, extradural dissection is
done to expose the horizontal portion of the petrous ca-
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Fig. 14.7 Craniotomy for the cranio-orbital zygomatic approach.
(From Arnautović KI, Al-Mefty O, Angtuaco E. A combined microsurgical skull-base and endovascular approach to giant and
large paraclinoid aneurysms. Surg Neurol 1998;50:504–520. Reprinted by permission.)

Fig. 14.8 The keyhole. The ventral half opens into the orbit, the
dorsal half into the anterior cranial fossa. (From Arnautović KI,
Al-Mefty O, Angtuaco E. A combined microsurgical skull-base
and endovascular approach to giant and large paraclinoid aneurysms. Surg Neurol 1998;50:504–520. Reprinted by permission.)

rotid artery, providing an additional location for proximal
control, if needed. The remaining roof and lateral orbit are
removed in one piece. A diamond drill bit is used to remove
the bony roof over the optic nerve and the anterior clinoid
process. During drilling, the field is constantly irrigated to
avoid thermal injury. If the anterior clinoid process is difficult to remove, dissection can be completed intradurally. In
either case, the anterior clinoid process is removed entirely.
If ethmoid air cells are encountered, they are obliterated to
prevent a cerebrospinal fluid leak.
The dura is opened in a curvilinear fashion and reflected
anteriorly. The sylvian fissure is widely split, at which point
the aneurysm is encountered. The bridging veins of the temporal lobe are preserved and the arachnoid cisterns opened.
The first few millimeters of the posterior communicating
and anterior choroidal arteries are exposed, and space is

created for a temporary clip just proximal to the posterior
communicating artery. The dura propria of the optic nerve
is opened longitudinally along the entire length of the optic
canal. This allows slight but significant mobilization of the
optic nerve in the lateromedial direction, enabling dissection away from the aneurysm.
The ophthalmic artery origin is carefully dissected away
from the aneurysm, and the distal dural ring is opened,
exposing the proximal portion of the aneurysmal neck. The
opening is extended toward the third cranial nerve. Venous
bleeding may be encountered and is easily controlled with
packing. The aneurysm is then dissected from its surrounding structures in a stepwise fashion. Papaverine is
routinely applied to the ICA and its branches and repeated
as necessary.

Endovascular Balloon Occlusion and Suction
Decompression

Fig. 14.9 Removing the remaining part of the orbital roof and
lateral wall (right side). (From Arnautović KI, Al-Mefty O, Ang
tuaco E. A combined microsurgical skull-base and endovascular
approach to giant and large paraclinoid aneurysms. Surg Neurol
1998;50:504–520. Reprinted by permission.)

At this point, femoral access is obtained and a 5-French,
100-cm arterial catheter is placed through a 6-French
sheath. Once the catheter is correctly placed, it is exchanged
for a 5-French double-lumen balloon catheter with a 300cm exchange guidewire. The tip of the balloon catheter is
positioned 2 cm above the carotid artery bifurcation and
tested for proper intraluminal placement. Test inflation of
the balloon is done under fluoroscopy to determine the necessary volume to occlude the ICA, typically 0.1 to 0.15 mL.
A pressure drip infusion of normal saline is started to the
distal arterial lumen to prevent clotting. Burst suppression
with barbiturates is done for cerebral protection and the
mean arterial pressure is elevated 10 to 20 mm Hg above
baseline. The balloon is then inflated, achieving proximal
control, and a temporary clip is placed just proximal to the
posterior communicating artery to obtain distal control.
Despite aneurysmal trapping, backflow through the superior hypophyseal and ophthalmic arteries prevents defla-
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tion of the dome. This problem is overcome with gentle and
continuous hand retrograde suction decompression through
the luminal end of the catheter (Fig. 14.10).

Aneurysm Clipping
The wall of the aneurysm is often thick and atherosclerotic,
which distinguishes it from the thin parent artery and allows gentle compression of the aneurysmal sac. The aneurysm can be lifted to establish a plane between it and the
ICA. At this point, the aneurysm is collapsed and carefully
separated from the ICA, and the neck is dissected and permanently clipped. Often, multiple clips are needed to exclude the aneurysm and prevent the circulation pressure
from opening or pulsating the blades of the clip. Placing the
additional clip or clips parallel to or in the opposite direction and away from the parent artery should suffice. To
eliminate any existing mass effect, the aneurysmal dome
can be punctured or excised. In cases of severe thrombus
or atherosclerosis, the dome of the aneurysm is opened
and the contents evacuated. Once the clipping is complete,
blood flow is reestablished and angiography is done to confirm that the aneurysm has been obliterated and the blood
vessels are patent (Figs. 14.10, 14.11).

a

a

Rationale

b

The difficulty in treating these aneurysms is in gaining proximal control and relieving tension within the aneurysm to
allow dissection and successful clipping. The combined approach detailed above offers several advantages. The cranio-orbital zygomatic approach provides superb access to
the aneurysm, minimizes the need for brain retraction, and
provides an excellent working angle. This approach also allows for additional sites for proximal control at the petrous
and subclinoid ICA. Drilling the anterior clinoid process exposes the neck of the aneurysm. Transfemoral endovascular balloon occlusion and suction decompression makes
obtaining proximal control safe and simple, and eliminates
the need for a separate neck incision or direct carotid punc-

Fig. 14.10a,b The endovascular approach for proximal control
of the right ICA. (a) The balloon is in position but still deflated.
(b) The balloon is inflated for proximal control, the aneurysm is
collapsed, and clipping is underway.

ture.33,34 Suction decompression relieves the tension in the
aneurysm and facilitates dissection and clipping.35,36 Aneurysm puncture or excision relieves any mass effect, optimizing the patient’s chances of visual recovery. Clipping
definitively obliterates the aneurysm.2,37–39 Endovascular
access allows for immediate angiography to ensure obliteration of the aneurysm and good arterial filling.

b

Fig. 14.11a–c (a,b) Postoperative oblique views of
the four-vessel angiogram. (continued on next page)
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c
Fig. 14.11a–c (continued ) (c) Lateral postoperative axial computed tomography scan with bone windows showing the removed
anterior clinoid process and the position of the clips.

Treatment of Giant Aneurysms of the Carotid Ophthalmic Artery:
The Pipeline Embolization Device
Christopher S. Ogilvy and Christopher J. Stapleton

Illustrative Case
Here we present a different case from the one at the beginning of the chapter. A 50-year-old woman came to clinical
attention after an episode of acute-onset loss of consciousness followed by persistent headaches. Computed tomography angiography of the head revealed a 22-mm partially
thrombosed aneurysm of the left paraclinoid ICA without
evidence of subarachnoid hemorrhage (Fig. 14.12a,b). She
was lost to follow-up until she appeared again with an
acute myocardial infarction 6 years later. Computed to-

mography angiography of the head at that time showed
a 47-mm aneurysm of the left paraclinoid ICA with asso
ciated hydrocephalus40 (Fig. 14.12c,d). A right occipital
ventriculopleural shunt was placed given a decline in the
patient’s cognitive status and her complaints of gait instability and headaches. Her cognition and gait subsequently
improved dramatically. Diagnostic cerebral angiography
9 months later showed the largely thrombosed aneurysm
to have a residual filling volume of 7 × 8 × 10 mm (Fig.
14.13a,b). An intraprocedural left ICA balloon test occlusion resulted in dysarthria, dysnomia, and a right facial
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a

b

c

d
Fig. 14.12a–d (a) Noncontrast axial computed tomography of
the head shows a 22-mm partially calcified lesion adjacent to the
left suprasellar cistern. (b) Sagittal computed tomography angiography of the head shows a partially thrombosed 22-mm left
ICA paraclinoid aneurysm. (c,d) A repeated computed tomogra-

phy/angiography scan of the head 6 years after the initial diagnosis shows a 47-mm calcified and thrombosed left ICA paraclinoid
aneurysm with associated hydrocephalus and displacement of
adjacent vascular structures.
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a

b

c

d

e

f

Fig. 14.13a–f (a,b) Anterior-posterior and lateral projections
during diagnostic cerebral angiography showing the large left
paraclinoid ICA aneurysm with a residual filling volume of 7 × 8 x
10 mm. (c,d) Lateral projections showing the placement of overlapping Pipeline embolization devices (PEDs) across the neck of

the aneurysm (c, PED No. 1; d, PED No. 2). (e,f) Anterior-posterior
and lateral projections at the 3-month follow-up diagnostic digital
subtraction angiography showing complete occlusion of the left
paraclinoid ICA aneurysm.

14
droop without peripheral limb weakness, circumstances
that precluded the possible eventual sacrifice of the left ICA
during treatment of the aneurysm.
Eight months later, the patient underwent the placement of two flow-diverting PEDs for definitive therapy
(Fig. 14.13c,d). Follow-up cerebral angiography 3 months
after PED placement showed complete occlusion of the
giant left paraclinoid ICA aneurysm (Fig. 14.13e,f). She remained neurologically intact.

Pipeline Embolization Device
Technology and Technique
The PED (ev3/Covidien Vascular Therapies, Mansfield, MA)
is a braided mesh cylinder composed of 48 strands of 25%
platinum and 75% cobalt-nickel alloy. The pore size is 0.02
to 0.05 mm.41 The PED is packaged in an introducer sheath
following attachment to a flexible delivery wire with radiopaque end markers. This packaged device can be loaded
into standard microcatheters with an inner diameter of
0.027 inches or more. The device is properly positioned at
the desired location in the vessel and, upon release from
the delivery system, the implant expands to cover the neck
of the target aneurysm, with metallic coverage approaching 30 to 35% of the total surface area. When it is deployed,
the device is shortened by 50%, depending on the diameter
of the device and the parent artery. Multiple PEDs can be
placed and overlapped to aid in aneurysm thrombosis or to
extend the construct length depending on the morphology
of the aneurysm.41,42 Ideally, the PED creates thrombosis
within the aneurysm by introducing stagnant flow while
maintaining the patency of critical arterial perforators.
Before undergoing endovascular treatment with PEDs,
patients are treated with clopidogrel (75 mg daily) and
aspirin (325 mg daily) for at least 72 hours. During the
procedure, intravenous heparin is administered to a target activated clotting time of 250 to 300 seconds. Dual antiplatelet therapy is maintained for at least 6 months after
the procedure.
The PED was approved by the Food and Drug Administration in April 2011 to treat unruptured large or giant
wide-necked aneurysms of the petrous to superior hypophyseal ICA. Because antiplatelet therapy is necessary
before and after application of the PED, the use of the
device to treat ruptured aneurysms causing subarachnoid
hemorrhage is off-label and carries the risk of worsening
hemorrhage.

Results
Data Acquisition
To gather data about the use of PEDs, we searched the database of the National Library of Medicine to identify all
articles pertaining to the use of PEDs to treat intracranial
aneurysms. We analyzed all series describing neurologic
outcomes and reviewed reference lists for additional arti-
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cles not identified in the original search. Pertinent clinical
characteristics extracted from each report included the patients’ age and sex, the number of aneurysms treated, the
aneurysm location and size, the number of PEDs used, PEDassociated complications, and rates of aneurysm occlusion.

Data Summary
Table 14.1 summarizes the relevant clinical characteristics
of patients described and aneurysms treated in previously
published case series. In total, we identified 13 series between 2009 and 2012 in which more than 10 aneurysms
were treated with the use of PEDs.12,43–54 Eleven of these
studies included aneurysms largely of the anterior intracranial circulation, with six of these 11 studies including a
high proportion of specifically paraclinoid ICA aneurysms.
Across all series, 11 to 89% of the aneurysms were small
(< 10 mm), 11 to 56% were large (10 to 25 mm), and up to
47% were giant (> 25 mm). A single PED was used in 34 to
78% of cases, whereas two PEDs were used in 22 to 46% of
cases, and three PEDs were used in up to 15.5% of cases.
Periprocedural complications were noted in up to 22% of
patients, and only one series included one delayed complication. Six of the 13 studies reported deaths associated
with PED placement, although the overall mortality rate per
series was 0 to 9%. Rates of aneurysm occlusion varied. At
6 months after the PED placement, eight of the 13 series
showed a 54 to 94% rate of complete occlusion.

Aneurysm Size and Morphology
As a result of significant advances in endovascular neurosurgery over the past 20 years, endovascular therapies are
now the treatment modality of choice for many patients
with intracranial aneurysms, as borne out by the Inter
national Subarachnoid Aneurysm Trial (ISAT)55 and the
Barrow Ruptured Aneurysm Trial (BRAT).11 Despite such
advances and advantages, wide-necked, large, giant, and
fusiform aneurysms can be difficult to treat with standard
endosaccular endovascular techniques. The PED is an endoluminal strategy that allows for simultaneous aneurysm
occlusion and vessel reconstruction. Although blood flow
into the aneurysm is still possible immediately after the
placement of a PED, the eventual stagnation of blood
within the aneurysmal sac creates thrombosis.
In several publications documenting the Buenos Aires
Pipeline experience,12 the PED for the Intracranial Treatment of Aneurysms Trial,44 and the Budapest experience
with the PED,48 and in the report by Lubicz and colleagues,43
wide-necked (dome-to-neck ratio of < 2 mm or neck size
> 4 mm) saccular aneurysms, nonsaccular aneurysms, and
large and giant aneurysms represented specific sizes and
morphologies of interest. Specifically, the authors of the
Buenos Aires Pipeline experience reported that 89% of large
aneurysms and 80% of giant aneurysms were completely
occluded at the 6-month follow-up exam.12 Similarly, Mc
Auliffe and associates51 found that 84% of large aneurysms
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Table 14.1 Summary of the Relevant Clinical Characteristics of Patients Described and Aneurysms Treated in Previously Published
Case Series
Aneurysm Size (%)

Posterior

Small
(< 10
mm)

Large
(10–25
mm)

Giant
(>25
mm)

87

13

52

35

13

44

96

4

89

11

0

81

77

93.5

6.5

64.5

29

6.5

22

78

92

100

0

67

23

0

41

21

79

90

90

10

51

44

5

12

12

25

75

75

92

8

75

25

0

Szikora et al,
201048

18

19

–

–

–

95

5

26

53

21

Pistocchi
et al,
201249

26*

30*

57*

33*

0

100

0

67

33

0

Fischer et al,
201250

88

101

49

51

–

78

22

–

–

–

McAuliffe
et al,
201251

54

57

18.5

81.5

–

81

19

32

56

12

Briganti et al,
201252

273*

295*

21*

79*

–

87*

13*

11*
(< 5
mm)

42*
(5–15
mm)

47*
(> 15
mm)

de Barros
Faria et al,
201153

23

23

48

52

4

9

91

30

30

40

Phillips et al,
201254

32

32

34

66

0

0

100

–

–

–

Total

374

425

29#

72#

50#

77#

23#

55#

34#

10#

Sex (%)

Aneurysm Location (%)

No. of
Patients

No. of
Aneurysms

Male

Female

Paraclinoid

Anterior

Lylyk et al,
200912

53

63

9

91

68

Lubicz et al,
201143

20

27

30

70

Nelson et al,
201144

31

31

29

Chan et al,
201145

9

13

Colby et al,
201346

34

Deutschmann
et al,
201247

Author, Year

Abbreviation: PED, Pipeline embolization device.
*Results include data related to PEDs and Silk stents.
#Mean.

and 100% of giant aneurysms were entirely occluded 6
months after PED placement. As evidenced by these studies and our illustrative case, the use of PEDs for large and
giant aneurysms in the paraclinoid ICA can be effective for
complete aneurysm occlusion.

Aneurysm Location
Eleven of 13 case series in our study included aneurysms
largely of the anterior intracranial circulation, according
to the original Food and Drug Administration approval of
April 2011. Data presented in Table 14.1 show a high rate
of aneurysm occlusion after PED placement in the anterior

circulation, and specifically paraclinoid ICA, aneurysms.
For instance, Lubicz and colleagues43 examined 26 aneurysms of the anterior circulation (12 of the paraclinoid ICA)
and noted a 78% complete occlusion rate at 6 months. On
the other hand, Siddiqui and associates56 recently reported
their experience with PEDs in patients with large or giant
fusiform aneurysms of the vertebrobasilar system. In their
experience with six patients, four had died at the time of
last follow-up with two of those deaths from post-PED aneurysm rupture.
Phillips and colleagues54 reported on 32 posterior circulation aneurysms with a mean aneurysm size of 9.7 mm
(range 2 to 30 mm), including 20 fusiform aneurysms. They

14

No. PEDs (%)

Complications (%)
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Occlusion (%)

1

2

3

Early
(Periprocedural)

Late

Mortality
(%)

Immediate

3
Months

6
Months

12
Months

70

27

3

0

0

0

8

56

93

95

78

22

0

10

0

5

0

–

78

–

58

36

3

6.5

0

0

–

–

93

–

54

46

0

0

0

0

–

–

54

69

73

21

3

12

0

3

3

–

–

–

–

–

–

8

0

0

17

–

67

92

37

37

15.5

22

0

5.5

21

–

94

–

67

33

0

7*

0

0

17

–

–

83

34

–

–

7

0

1

–

52

–

74

42

44

14

4

0

0

–

–

86

–

–

–

–

22*

0

6*

–

–

–

–

–

–

–

9

0

9

–

–

–

–

66

25

6

16

3

0

–

–

85

96

58#

32#

5#

9#

< 1#

2#

11#

54#

81#

85#

report no deaths, but a 16% early morbidity rate. Overall,
giant fusiform aneurysms of the posterior circulation often
have a poor natural history. High rates of morbidity and
mortality have been reported with both open surgical and
endovascular techniques, and the optimal treatment strategy needs to be individualized to the specific patient and
clinical situation.
A consideration specific to treating paraclinoid ICA aneurysms is the patency of the ophthalmic artery after the
PED placement. Puffer and associates13 evaluated this question in detail in 19 patients with 20 aneurysms. No change
in ophthalmic artery flow was noted in 17 of 20 treated
aneurysms. Two patients had delayed antegrade filling of
the ophthalmic artery immediately after PED placement;
one of them had retrograde flow from collateral vessels to
the ophthalmic artery immediately after the device was

applied. At follow-up (range 3 to 12 months), 13 of the 19
patients had normal antegrade flow, whereas four had
ophthalmic artery occlusion. Despite changes in flow in
the ophthalmic artery, none of the patients had visual
symptoms associated with compromise of the ophthalmic
artery.

Complications
In the case series available for examination, the overall
periprocedural and delayed complication rate was low.
Common periprocedural complications included in-stent
thrombosis with or without resultant morbidity, transient
or permanent neurologic deficits, and subarachnoid hemorrhage. Deaths were often the result of aneurysmal rupture. As evidenced in Table 14.1, the six case series with
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a majority of paraclinoid ICA aneurysms treated with PEDs
had an overall early morbidity rate of less than 12% and a
mortality rate of less than 5%.

Conclusion
The PED is an innovative endoluminal endovascular device
used to treat intracranial aneurysms, specifically unruptured and of the anterior intracranial circulation. The advantage of the PED is in treating patients with large, giant,
and wide-necked aneurysms in whom traditional coil em-

bolization or clip ligation would be difficult. Data reported
in this review and indicated by our case illustration show
that the PED is a safe and durable technology for unruptured paraclinoid aneurysms. More case reports and small
case series are emerging regarding the use of this technology for ruptured lesions. Nonetheless, the exact risks and
benefits of using the PED for ruptured lesions remain unknown. Future studies that more closely examine aneurysm size and morphology with respect to rates of occlusion
and clinical outcome will help more clearly define the role
of PEDs in treating intracranial aneurysmal disease.

Moderators
The Treatment of Giant Ophthalmic Artery Aneurysms
Mark J. Dannenbaum and Arthur L. Day
The above sections supporting microsurgical clip ligation
alone, endovascular obliteration with coils with or without
remodeling, combined microsurgery and endovascular therapy, and flow diversion are remarkable in that they demonstrate the tremendous disparity in treatment patterns for
patients with giant ophthalmic segment aneurysms.
As new technologies have evolved, the debate between
durability (open surgery) and minimal invasiveness (endovascular methodology) has grown. The current data for lesions of this type consist of a multitude of case series that
report outcomes as treated through microsurgical,17,25 endovascular,5,6,20 or a combined57 approach. All of the experts enlisted in this chapter are affiliated with established,
high-volume cerebrovascular centers that offer a comprehensive array of treatment modalities for this disease
process. Despite the ready access to all of these forms of
treatment, however, a strong preference exists at each of
their respective institutions.
Certainly, all of these modalities are useful for particular cases. The presence or absence of subarachnoid hemorrhage (including the resultant clinical grade), systemic
comorbidities, visual loss, the specific type of aneurysm
(saccular versus dissection), the specific segment (ophthalmic versus clinoidal), and the location within the ophthalmic segment (ophthalmic, superior hypophyseal, or dorsal
variant) produce significant variations and difficulties that
must be addressed according to the experience and expertise of the treating team.
In this chapter’s case presentation, the following significant clinical and radiographic features were evident before
treatment:
1. The patient has subarachnoid hemorrhage and a leftsided extraventricular drain is in place. She is apparently doing well clinically and has no spasm at present.

2. The patient is a woman in her mid-30s, with no major
comorbidities and a long life expectancy.
3. The aneurysm is a saccular, dorsomedially projecting
ophthalmic artery lesion of 22 mm with no major intraluminal thrombus or wall calcification.
4. The patient has clinical evidence of visual loss from
visual apparatus compression (optic nerve or chiasm).
Under this specific set of circumstances, what is the best
method of treatment?

Microsurgery
Microsurgery and clip ligation, including skull-base approaches for exposure, are a proven effective and durable
means to permanently secure giant ophthalmic segment
aneurysms.
The first series to define the microsurgical anatomy
of the ophthalmic segment and meticulously analyze operative results reported outcomes in 54 patients treated
surgically.2 An overall excellent outcome, defined as no
postoperative neurologic deficit, was achieved in 87% of patients. Ischemic injury and visual deficits occurred in six of
the 54 patients in the series (11%), almost all in patients
with very large or giant aneurysms of the superior hypophyseal artery. With further modification of clipping techniques, the risks of ischemic injury or visual loss, especially
for ophthalmic artery variants, has been dramatically reduced, as a complex fenestrated clip reconstruction is not
required, and the clip plane does not have a direct interface
with the superior hypophyseal arteries.
This modality directly relieves mass effect and optic
nerve compression by dividing the falciform ligament and
collapsing of the aneurysm once clipped. The recovery of
oculomotor nerve compression with posterior communi-
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cating aneurysms is very well documented, and the recovery of vision in surgical series appears superior to that of
endovascular intervention for patients presenting with visual system compression.58 Overall, 17 of 23 patients who
presented with visual loss had improvement after clipping
and decompression of the aneurysm. These results, too, have
improved with further modification of the clipping techniques, particularly for superior hypophyseal lesions. In this
series, three patients with no preoperative visual deficits
developed increased visual deficits postoperatively and
three experienced transient diplopia. In this group, endovascular intervention may be comparable or superior to
open surgery.
More recently, Nanda and Javalkar16 reported their experience in 80 patients with 86 ophthalmic segment aneurysms ranging from small to giant. They reported an 8.75%
rate of visual deterioration after surgery, and a 2.5% permanent visual morbidity. No statistically significant difference
in outcome was noted between giant and nongiant aneurysms, with 68 of the aneurysms treated in the series being
large or giant. De Oliveira and colleagues59 published a
series focused on microsurgical treatment and outcomes in
patients presenting with mass effect over the anterior optic
pathways. Variables that influenced visual outcome included the size of the aneurysm, the duration of visual
symptoms, aneurysmal wall calcification, and intraluminal
thrombosis. Of the 15 patients in this series, seven had
improved visual function after surgery, seven experienced
complete recovery of preoperative visual deficits, and only
one remained unchanged. Dehdashti and associates3 eval
uated the long-term visual outcome and aneurysm obliteration rates for very large and giant ophthalmic segment
aneurysms in 38 patients, 21 of whom underwent surgical
treatment (15 unruptured, six ruptured) and found an overall surgery-related visual complication rate of 14%.
One might propose that all ophthalmic segment aneurysms that produce symptomatic mass effect on the visual
system should be dealt with microsurgically. It cannot be
overemphasized, however, that such cases are complex and
require experience and extensive knowledge of skull-base
techniques. The surgeon must be skilled in the removal of
the anterior clinoid process down to the base of the optic
strut, without injury (thermal or traumatic) to the optic
nerves and chiasm. Of equal importance is the delicate and
precise micro-arachnoid technique used to define the aneurysmal neck, followed by very specific methods of clip
placement without compromising the internal carotid,
ophthalmic, and superior hypophyseal arteries and their
branches supplying the visual system.

Endovascular Viewpoint
Less invasive technology is increasingly being used in all
medical specialties. Specifically for ophthalmic segment
aneurysms, multiple variables must be considered before
the use of endovascular therapy. For large and giant aneurysms in this location, particularly those with partially
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thrombosed lumina, there is little debate that, with coil
embolization alone, the likelihood of incomplete treatment
and recurrence is very high.60,61
For those lesions presenting with mass effect on the
visual system, the likelihood of improvement is not high
with treatment through coil embolization alone. The dense
packing needed to cure the aneurysm and the inflam
matory response associated with expandable gel coils may
promote chemical meningitis and actually worsen pre
existing visual deficits.
One experienced and technically proficient endovascular group evaluated anatomic and visual outcomes after
the coiling of large ophthalmic segment aneurysms.6 The
authors concluded that, in patients with anterior optic
pathway compression, platinum coil therapy with ICA
preservation did not greatly benefit vision; they advised
that additional procedures may be needed. When endovascular trapping and ICA sacrifice were combined in those
patients who could tolerate such treatments, good visual,
clinical, and anatomic outcomes resulted.
More recently, the concept of flow diversion for aneurysms in this location has grown in popularity. The concept
underlying this modality is the usage of a stent with a
dense porosity that disrupts the laminar flow within an
aneurysm and promotes spontaneous thrombosis and relief of mass effect while maintaining the patency of the
parent vessel. Although this concept is intuitively appealing, it is not a practical treatment plan in the case of a
ruptured large ophthalmic segment aneurysm with visual
compromise because of the need for dual antiplatelet therapy (aspirin and clopidogrel) that must be maintained for a
minimum of 3 to 6 months.
The treatment with flow diversion alone for our case example is appealing because it can potentially and gradually
relieve the mass effect from the aneurysm over time.
However, a multitude of reports are now surfacing that
describe delayed aneurysm rupture, remote intraparenchymal hemorrhage, or both. Although the mechanism is
not yet defined, the phenomenon is very real, and has
caused a paradigm shift among many neuroendovascular
physicians, whereby large and giant ophthalmic segment
aneurysms are not treated with flow diversion alone, but
rather through coiling in addition to flow diversion.

Conclusion
Both endovascular and microsurgical treatment of large
and giant ophthalmic segment aneurysms have their roles
in the management of these lesions; certainly, the surgical
group must evaluate its results with rigorous scrutiny relative to acute outcomes as well as rebleeding risks, visual
deficits, and long-term cure. We believe that the patient
presented here should be treated surgically by a team experienced in skull-base techniques and clipping methods.
There is insufficient evidence to support endovascular
therapy as the first line of therapy for such a lesion presenting with the combination of optic pathway mass effect and
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subarachnoid hemorrhage. As more experience is gained
with flow diversion, and more is understood regarding the
underlying mechanism of delayed aneurysm rupture and
remote intraparenchymal hemorrhage, this modality may

become an appealing alternative to microsurgical clip ligation, particularly in patients who do not have subarachnoid
hemorrhage.
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Chapter 15

Treatment of Ruptured Wide-Neck
Basilar Aneurysms

Case
A 40-year-old woman who smokes cigarettes and has hypertension presents with subarachnoid hemorrhage of Hunt and Hess grade I and Fisher grade I. The imaging studies include digital subtraction angiography and three-dimensional reconstruction.

Participants
Treatment of Ruptured Wide-Neck Basilar Aneurysms: Endovascular Treatment with Stent and Coil:
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Microsurgical Clipping of Ruptured Wide-Neck Basilar Aneurysms: Juha Hernesniemi and Miikka Korja
Moderators: Treatment of Ruptured Wide-Neck Basilar Apex Aneurysms: Shakeel A. Chowdhry and Peter
Nakaji
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Treatment of Ruptured Wide-Neck Basilar Aneurysms:
Endovascular Treatment with Stent and Coil
Bernard R. Bendok, Salah G. Aoun, and Tarek Y. el Ahmadieh
Basilar apex aneurysms pose unique challenges and technical issues from both the endovascular and surgical perspectives. Microsurgically these lesions can be difficult to
treat, but not all basilar apex aneurysms pose the same
degree of microsurgical difficulty. From an endovascular
perspective, the dome-to-neck ratio, the absolute dome
and neck sizes, and the relationship of the posterior cerebral artery (PCA) to the neck can all affect the acute and
delayed risks and outcomes. The location of basilar tip
aneurysms puts these lesions at a hemodynamic disadvantage vis-à-vis a recurrence risk because of the impact
of blood flow on the behavior of the aneurysmal fundus
and blood pulsations on the stability of the coil complex.
Many factors can alter the therapeutic recommendations
and risk–benefit analysis, including the aneurysm’s neck and
dome dimensions, the dome’s projection, the PCA anatomy,
the relationship of the neck to the posterior clinoid process,
and the patient’s age and comorbidities.

Case Discussion
In this interesting and challenging case, the dome of the
aneurysm appears to be approximately 15 mm and the
neck is likely greater than 6 mm depending on how it is
measured. The PCAs are offset, with the left PCA being
slightly higher in the craniocaudal dimension. The neck is
approximately at the level of the posterior clinoid process,
and the tilt of the dome is straight up. From a surgical perspective, the key determinant of risk is the anatomy of the
perforators and the ability of the surgeon to preserve their
patency without injury. From an endovascular perspective,
the key determinant of risk in this case is the wide neck,
which increases the likelihood of compromising the left
PCA, coil herniation, incomplete aneurysm occlusion, and
thromboembolic complications. The risk of recanalization
is significant in this aneurysm given its size, and a stent
may help attenuate this risk. Although early aneurysm repair has become the norm for most ruptured intracranial
aneurysms, delayed treatment can be considered in select
patients with highly complex lesions. An attempt should be
made to treat this aneurysm, but difficulties encountered
along the way may favor a delay in therapy.
From an endovascular perspective, there are six therapeutic options we would consider for this aneurysm and
patient:
1. Coiling without an assist device
2. Balloon-assisted coiling with an attempt at complete
occlusion
3. Stent-assisted coiling
4. Flow diversion

5. Coiling after partial clipping
6. Partial balloon-assisted coiling followed by delayed stent
coiling

Microsurgical Clipping
Advances in microsurgical techniques, neuroanesthesia,
and cranial-base approaches have improved microsurgical
outcomes over the past two decades. An extended lateral
transsylvian approach from the right would be our choice
for this aneurysm. A zygomatic osteotomy with drilling of
the posterior clinoid process may add additional welcome
millimeters to the exposure. An extended subtemporal
approach could be an alternative.
Clipping has the advantage of being associated with a
minimal risk of recurrence if complete or near-complete
occlusion is achieved. Additional benefits include less exposure to radiation when compared with endovascular approaches and less need for follow-up imaging. For a good
outcome to be achieved, however, the precious perforators
that emanate from the proximal P1s and occasionally the
neck behind the aneurysm must be preserved. This simply
cannot be compromised. If the aneurysm cannot be completely occluded during surgery, the neck can be narrowed
with a clip followed immediately by aneurysm coiling. Hybrid surgical suites may allow for more efficient execution
of this strategy.

Endovascular Treatment
The main advantage of the endovascular approach is the
decreased risk of perforator injury. The endovascular options for this aneurysm are listed above, and their success
depends on a thoughtful analysis of these options and execution of the chosen option with the least risk possible.
Unlike for open surgery, a philosophy of staging should be
considered if the total risk is acceptably low and, ideally,
lower than a single-stage approach.

Coiling Without an Assist Device
Although coiling this aneurysm without an assist device
may be potentially feasible with modern three-dimensional
coils, we would be concerned about the significant risk of
herniation of the coil loops into the parent vessels with the
potential for thromboembolic complications. This approach
would not be our first choice for this patient, although an
attempt to see how the first coil behaves is not unreasonable. We would recommend having a balloon ready in the
parent arteries.
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Balloon-Assisted Coiling with an Attempt at
Complete Occlusion
Balloon-assisted coiling allows for the potentially increased
protection of the parent arteries during the coiling procedure and provides support for the coil complex until it is
sufficiently stable to remain inside the aneurysm with a
minimal risk of protrusion into the parent arteries. It also
has the advantage of not requiring antiplatelet therapy
after the coiling procedure, and has thus gained popularity
for the treatment of ruptured wide-necked aneurysms.
Additional potential benefits of using a balloon include a
greater packing density and the prompt ability to address
intraprocedural rupture. These would be welcome advantages in this challenging case. However, the rate of thrombus formation and thromboembolic complications may
be high during balloon-assisted coiling procedures, especially with wide-necked compared with narrow-necked
aneurysms. Certainly, if the coiling is going well, complete
occlusion can be aimed for, but this could have the disadvantage of increasing thromboembolic risks from prolonged
procedure time and the lack of preprocedural antiplatelet
agents, which are generally avoided in the acute period of
subarachnoid hemorrhage.

Stent-Assisted Coiling
Stent-assisted coiling would certainly simplify the coiling
of this aneurysm from a technical standpoint, and we
would guess that it could be done with one stent from the
left PCA to the basilar artery (Fig. 15.1). Y-stenting and
waffle cone techniques would not be our first choice because of the added but likely unnecessary complexity. Our
concern regarding this strategy stems from the now wellestablished body of literature that has shown increased
morbidity and mortality with this approach because of the
need for dual antiplatelet agents in the acute period of subarachnoid hemorrhage. External ventricular drain-related
hemorrhages appear more likely and more morbid when
dual antiplatelet agents are on board. The use of dual antiplatelet agents also complicates other potential procedures,
such as tracheostomies and the placement of gastrostomy
tubes. Certainly, there are scenarios in which there are no
other good options and this increased risk becomes acceptable. On the surface, that does not appear to be the
case here.

Flow Diversion
The use of flow diverters in the setting of subarachnoid
hemorrhage has not yet been well evaluated. Risks include
those related to the acute administration of antiplatelet
therapy in an acute subarachnoid hemorrhage setting
and those linked to the fact that the aneurysmal fundus is
left unobliterated and may not thrombose with the concurrent platelet deactivation. The inability to easily reaccess

Fig. 15.1

Stent coiling with the first coil inside the aneurysm.

the dome adds a layer of concern that is problematic.
Additional concerns include the potential for thrombo

embolic complications and parent-artery occlusion up to 2
years after placement of a stent. This has been noted days
to weeks after the discontinuation of antiplatelet treatment. Considering the specific circumstances of this case,
this may not be an optimal approach to treat the patient’s
aneurysm. Moreover, at the time of this writing, this patient’s aneurysm would not meet the strict guidelines of
the United States Food and Drug Administration (FDA) regarding the use of the currently available flow diverter. In
our practice and hands, this strategy would be low on the
list of options for this patient.

Coiling after Partial Clipping
On rare occasions, the findings at surgery can limit the
surgeon’s ability to close the neck of an aneurysm completely. The perforator anatomy and neck calcifications are
the main determinants of this potential scenario. The good
news is that even a partial reduction in the neck size in
this case could potentially simplify the endovascular approach. Ideally, partial clipping should protect the higher
P1. Coiling should be done immediately to prevent rehemorrhage. A hybrid operating room with immediate access to
biplane angiography before the craniotomy is even closed
would be ideal for this rare but potentially safe and effective scenario. Clearly, this approach is not without its
own set of risks. The use of intravascular catheters without
full anticoagulation may predispose to thromboembolic
complications.

278  

Controversies in Neurosurgery II

Partial Balloon-Assisted Coiling Followed by
Delayed Stent Coiling
Partial balloon-assisted coiling followed by delayed stent
coiling may be an excellent strategy here and the one we
would favor. The key issue is determining what degree of
partial coiling is enough to prevent rerupture in the en
suing several weeks until more definitive therapy is instituted. In our opinion, if the upper two thirds of the dome
are well packed, with loose coiling in the lower third, the
patient should be protected in the short term (Fig. 15.2)
unless the rupture site is near the neck (which is very rare
and is usually seen in the form of a suspicious daughter sac
at the neck). This approach has the advantage of minimizing thromboembolic complications and limiting the pro
cedure time. Placing only a few coils in the dome with
significant residual interstitial filling, on the other hand, is
not likely to be sufficient to prevent rehemorrhage. The use
of antiplatelet agents becomes much safer after the acute
period of subarachnoid hemorrhage (arbitrarily defined
as 2 to 3 weeks after the initial hemorrhage). The end of
the acute period implies that hydrocephalus, gastrostomy
tube, and tracheostomy issues are dealt with to minimize
the risk from dural antiplatelet therapy, which is needed
for stenting. Stenting has the potential advantages of narrowing the neck, protecting the parent arteries, and increasing the packing density (Fig. 15.3). Our group has
demonstrated an increased packing density, increased coil
loop density at the neck, and better angiographic outcomes
in an in-vitro model. Some studies suggest lower recanalization rates when stents are used. Whether the risk is in-

Fig. 15.2 Balloon remodeling with dense packing of the upper
two thirds of the aneurysm and lower density packing of the
lower third.

creased by adding a stent remains controversial, and we
would argue that the risk may actually be reduced by using
a stent in this case.

Conclusion
Given the clinical presentation of the patient with subarachnoid hemorrhage and her young age, surgical clipping
of the aneurysm as a means of providing a definitive cure
might be considered as a first-line treatment, with potential perforator injury being the most significant potential
risk. Endovascular treatment can be a safe and effective
alternative, with thromboembolic complications and recurrence being the two most significant risks. The large
size of this aneurysm and the wide neck with potential risk
to the left P1 would not make this aneurysm an “equipoise
case” in randomized trials of clip versus coil. In fact, viewing this case through the prism of “clip versus coil” may
hinder the appreciation of creative solutions, which may be
hybrid, staged, or both. The treating team must appreciate
that managing this aneurysm carries significant risks, and
that this risk should be put in compassionate perspective
for the patient and her family. The question is which strategy offers the lowest possible risk profile with the greatest
chance for both short-term and long-term success. In our
opinion, complex aneurysms such as this should ideally be
managed at centers with high levels of expertise in cerebrovascular cranial-base microsurgery as well as neuro
interventional surgery. From an interventional perspective,
the option we favor for this aneurysm is initial coiling with
balloon assistance if feasible. Coiling at least two thirds of
the dome should be the initial goal, with further coiling and
stent assistance after the acute subarachnoid hemorrhage

Fig. 15.3

The result of stent-assisted coiling.
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period has passed. If the initial endovascular approach
proves difficult and the risk seems to outweigh the benefit,
then a microsurgical approach should be embraced.
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Microsurgical Clipping of Ruptured Wide-Neck Basilar Aneurysms
Juha Hernesniemi and Miikka Korja

This aneurysm is a medium- to large-sized (around 15 mm
in diameter) basilar bifurcation aneurysm projecting upward. The patient is young with a long life expectancy, and
we would try to persuade her to stop smoking. To have the
most permanent long-term result, we would suggest open
microsurgery as the best option for perfect occlusion of
this deadly sac. For more than 10 years, computed tomography (CT) angiography has served us as the most satisfactory diagnostic workup for cerebral aneurysms, because it

shows clearly the anatomic relationship between the aneurysm and the skull base. As far as we can assess the digital
subtraction angiography images of the case, the base of the
aneurysm appears to be at the level of the posterior clinoid
process (see the figures presented with the case), but a
good three-dimensional CT angiography image would give
more information. The best projection for open microsurgery would be the forward projection of the sac, but this
is the rarest type.
Because the base of the aneurysm is at the level of the
posterior clinoid process and there are no other anterior
circulation aneurysms, our approach is subtemporal (Fig.
15.4). The transsylvian route is mostly used in patients
with basilar tip aneurysms with a high location, especially
when the aneurysm is approximately 1 cm or more above
the posterior clinoid process. The patient is placed in the

Fig. 15.4 The subtemporal approach requires slight retraction
of the temporal lobe. The oculomotor nerve, which always lies
between the P1 segment and the superior cerebellar artery (SCA),

serves as a highway to the basilar bifurcation. The tentorial flap
can be fixed with, for example, small Aesculap clips. CN, cranial
nerve; PCA, posterior cerebral artery.

If only we could have back again many of those who
were lost or badly hurt, for a second chance in the operative room with what we have learned.
—C.G. Drake, S.J. Peerless, and J.A. Hernesniemi, 1996

Our Approach
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park-bench position, and the brain is slackened by an experienced neuroanesthesiologist, with simultaneous lumbar
drainage of 50 to 100 mL of cerebrospinal fluid. The lumbar
drain is always introduced by the operating neurosurgeon,
as it gives a feeling of safety, comfort, and success for the
surgery.

Merits of the Subtemporal Approach
Since the first successful subtemporal approach to a basilar
bifurcation aneurysm by Olivecrona in Sweden in 1954,
two basic surgical approaches have been widely used to
attack basilar tip aneurysms: the subtemporal (since 1959
and mastered by Drake) and the transsylvian (frontotemporal or pterional described by Yasargil in 1976). Sub
sequently, numerous innovative microsurgical approaches
have been tested for their value in the treatment. Both of
these approaches are complex, and they destroy, more or
less, some parts of the cranial base.
Some surgeons prefer the transsylvian approach because of its familiarity (it is used for anterior aneurysms)
and because it possibly entails less retraction of the temporal lobe and causes fewer third nerve palsies. In our series
and the series from London, Ontario, however, the subtemporal approach has been used in more than four fifths of
patients with small and large basilar tip aneurysms. Patients with additional anterior circulation aneurysms in the
middle cerebral or anterior communicating arteries should
undergo the pterional approach, but internal carotid aneurysms can often be ligated through the subtemporal route
rather easily. There is no doubt that many aneurysms arising from the basilar tip can be approached through most
of the described, and often complex, operative techniques.
The surgeon’s preference or experience determines the
choice of the safest technique. For a notable number of patients, however, only one approach can lead to accurate and
safe clipping of the aneurysm.
A scrutiny of the 895 basilar bifurcation aneurysms operated on mainly at the teaching hospitals of the University
of Western Ontario in London, Canada, between 1959 and
1992 showed that 137 were giant (25 mm or more) and
were omitted from the analysis for obvious reasons. Incomplete radiological data or endovascular surgery excluded
63 more cases. Of those remaining, 440 patients with small
(< 12 mm ie. ½ inch) and 255 patients with large (12–25 mm
ie. ½ inch) basilar bifurcation aneurysms were analyzed. Of
these, 95 patients underwent the transsylvian approach
and 600 the subtemporal approach. The position of the
basilar bifurcation and aneurysmal neck was assessed as
follows:
1. Above the posterior clinoid process (more than 3 mm
above the level of the posterior clinoid process)
2. At the posterior clinoid process (more than 3 mm above
or below the level of the posterior clinoid process)
3. Below the posterior clinoid process (more than 3 mm
below the level of the posterior clinoid process).

Most often, the right-sided subtemporal approach is
used. If the projection or complexity of the aneurysm favors the left-sided approach, or a patient has a left oculomotor palsy, left-sided blindness or right hemiparesis, the
approach under the dominant temporal lobe is preferred.
Additional aneurysms in the anterior circulation have an
important impact on the choice of operative side, and more
than one fourth of patients eventually have a left-sided craniotomy. However, left-sided carotid aneurysms are often
left for a second operation or conservative management. In
our experience, the left-sided transsylvian route is slightly
more uncomfortable than the right transsylvian approach
for the right-handed surgeon.
Nowhere are the perforators more numerous or critical
than at the basilar artery bifurcation. Most perforators can
be dissected free with a tiny dissector after temporary occlusion or trapping of the basilar artery. The perforators
in backward-projecting aneurysms can often be separated
more easily than expected from the neck when the subtemporal approach is used. In these cases, a forward sactilting maneuver opens a clear space between the neck and
the perforating branches. In spite of the complex perforator anatomy, most of these patients fare well. The transsylvian approach does not allow the same visualization
behind the aneurysm, and the results of this approach were
the poorest of all in the London, Ontario, series.
The outcome of surgery is best in patients with an aneurysm located above the posterior clinoid process, whatever
the projection of the aneurysm and for both approaches.
In the London, Ontario, series, the best results were seen
in patients with forward-projecting aneurysms above the
posterior clinoid process, and the worst for the same projection but below the posterior clinoid process. The worst
combination of anatomic features was a very low location
and forward projection. These aneurysms warrant the
greatest respect among all basilar bifurcation aneurysms;
the number of intraoperative aneurysm ruptures and inadvertent major vessel occlusions was highest in this subgroup. The transsylvian approach is inappropriate for most
of these low-lying lesions, for it is difficult, if not impos
sible, to see the lesion without removing the dorsum sellae.
The higher rate of low-lying lesions (32%) in the series
of Drake and Peerless may be the result of a referral bias.
In these series, the posterior clinoid process was never removed but instead avoided by selecting the proper approach. The complex anatomy of bilobular aneurysms is
often best exposed from the lateral side, and the good results achieved in these rare aneurysms stem from the use
of the subtemporal approach and two aneurysm clips, one
for each lobe (necessary in four of 14 aneurysms in the
series).
The higher the aneurysm lies above the dorsum sellae,
the greater the retraction of the mesial temporal parahippocampal region must be during the subtemporal approach.
If the neck of the sac reaches the apex of the interpeduncular space, the neck and perforators are more likely hidden
by the mammillary bodies and peduncle. These rare cases
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with a very high bifurcation (< 1%) are preferentially approached after the sylvian fissure is split, and the surgeon
eventually works above the carotid bifurcation or uses the
lamina terminalis or interforniceal approach. The neck of
an aneurysm is completely obliterated when the clip blades
fall across the neck parallel to the posterior cerebral arteries,
and then there is less risk of kinking the bifurcation; this is
true particularly for aneurysms with large necks. This ideal
placement is more readily achieved through the subtem
poral approach. Clips placed perpendicular to this crotch
often leave tags of the neck in front and behind (“dog ears”),
as the sides of the neck are approximated and the bifur
cation crimped. “Dog ears” of the residual neck may grow
into new aneurysms.
Many recent series report that the transsylvian approach
results in fewer third nerve palsies. In general, resolution of
the third cranial nerve palsy is excellent even when complete paralysis exists postoperatively. After a few weeks or
months, recovery is complete in practically all patients in
whom no paresis exists preoperatively. When the basilar
bifurcation aneurysm has been clipped through the pterional approach between the optic nerve and carotid artery,
the likelihood of a postoperative oculomotor palsy is almost nonexistent. The use of very high magnification in
operating on these aneurysms has markedly reduced the
incidence of immediate oculomotor palsies.
In patients with unilateral carotid stenosis or occlusion,
the subtemporal approach should be preferred. As in the
transsylvian approach, carotid compression can cause complications and a carotid injury is a well-known complication. Admittedly, it is easier in acute and early aneurysm
surgery to obtain space through a small subfrontal gap to
open the lamina terminalis than to obtain room in the subtemporal approach. This can be facilitated by a ventricular
tap and spinal drainage. Proximal control is easier in the
subtemporal route than in the pterional one.
A “half-and-half” combination of the two approaches is
useful when the transsylvian exposure does not allow visualization of the back of the neck of larger aneurysms, or
when the neck has a more horizontal takeoff posteriorly.
A mobile temporal pole may be readily displaced backward, but it is not wise to divide large temporal-sphenoidal
veins, for severe temporal edema or hemorrhage may
occur. Without these veins, the half-and-half approach is
the ideal one, for it combines the good features while minimizing the drawbacks of both. If tethered by the veins, the
pole may be elevated to allow dissection on either side of
the third nerve behind the neck to clear the perforators.
Then the clip may be applied from various angles with all
vessels in view.
By deeply respecting the work and achievements of two
great neurosurgeons, C.G. Drake and S.J. Peerless (personal
communication), we finish this comment by citing their
lifetime, never-to-be-repeated experience:
Nearly all (99%) of nongiant basilar bifurcation aneurysms can be visualized subtemporally regardless of
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their size, height, direction or multilocularity. The inner
third of the tent can be divided smoothly for very low
necks and placement of a temporary basilar artery clip.
There is no necessity to remove the posterior clinoid
process or inner petrous apex. In fact, we do not understand the benefits of an extensive removal of an obstacle
when you can evade it. Exactly, one of the great ad
vantages of [the] subtemporal approach is its simplicity
without extensive removal of [the] base of [the] skull.
Replacement of the small bone flap gives excellent cosmetic results. Finally, control of forceful hemorrhage
from inadvertent rupture of the aneurysm is far easier
through the subtemporal rather than a transsylvian exposure. These advantages have outweighed the minor
risks associated with temporal lobe retraction and the
reported, more frequent, temporary third nerve paresis.
The transsylvian exposure is suitable in 56% of basilar
bifurcation aneurysms in our case series. It is most appropriate for single aneurysms with small necks lying
in an ideal position near the level of the dorsum sellae
and pointing upward. It is necessary for those rare, very
highly located, single aneurysms, and more frequently
for treating additional aneurysms of the anterior circulation in one sitting. Much of the merit of an approach
is a matter of surgical experience. It is well known that
there are different levels of manual skills. We always attempted to make these operations simpler, faster, and to
preserve normal anatomy by avoiding resection of brain
or sacrifice of veins. In most instances, the subtemporal
route has served our patients well.

Discussion
It is our experience and belief that the difference in endovascular and exovascular routes is that nature has created a
simple route for endovascular surgery, whereas an artificial
route has to be created to the base of the aneurysm in microneurosurgery. It is also our belief that a perfect clip at
the base of the aneurysm more likely creates a permanent
occlusion of the aneurysm than is possible with endovascular means. Quite frankly, if open cerebrovascular microsurgery is to survive, we have to be both good and efficient.
Because of the rarity of these hidden and complex aneurysms, many cerebrovascular neurosurgeons, instead of improving their operative skills, stopped placing the perfect
clip at the base of these posterior circulation aneurysms
and handed these patients over to their endovascular colleagues. Further, in many centers, endovascular treatment
has completely replaced open microsurgery for posterior
circulation aneurysms, and even for anterior circulation
aneurysms. Many neurosurgeons send patients to endovascular treatment, not to more experienced cerebrovascular surgeons, for many reasons, not the least of which is
pressure from their surroundings.
Much of the merit of any approach is a matter of surgical experience. We always attempt to make these operations simpler and faster, and to preserve normal anatomy
by avoiding the destruction of the cranial base, brain, or
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veins. One of our secret weapons is good neuroanesthesia
and avoiding brain compression. In this way, we still occlude
the main part (> 80%) of posterior circulation aneurysms
through open microsurgical means. The basilar bifurcation

and its perforators are unforgiving for operative complications, but it did not prevent Drake and Peerless, and their
students, from achieving excellent results in patients with
these aneurysms.

Moderators
Treatment of Ruptured Wide-Neck Basilar Aneurysms
Shakeel A. Chowdhry and Peter Nakaji
The authors were presented with the challenging case of
aneurysmal subarachnoid hemorrhage in a young patient
secondary to a ruptured basilar apex aneurysm. The lesion
has a favorable Hunt and Hess grade at the time of the patient’s admission, and imaging reveals a superiorly projecting aneurysm of moderate size (15 mm) with a wide neck.
Bendok and associates and Hernesniemi and Korja present
eloquent arguments for endovascular and open surgical
treatment, respectively.
Before the 1990s, open surgery was the only treatment
option for this lesion. With the significant risk of rebleeding and the associated morbidity and mortality of aneurysmal subarachnoid hemorrhage from ruptured basilar apex
aneurysms, neurosurgeons were driven to improve surgical techniques. Led by pioneers such as Charles Drake, approaches and techniques were devised to treat even very
daunting lesions in this region. Even so, posterior circu
lation aneurysms, particularly those emanating from the
basilar artery, are still associated with the highest surgical
morbidity.
The advent of endovascular therapy offered an alter
native and exciting treatment option. Since the initial FDA
approval in 1995, endovascular outcomes have steadily
improved commensurate with rapid advances in the development and refinement of interventional tools and embolic material. Recent studies, including the International
Subarachnoid Aneurysm Trial and the Barrow Ruptured
Aneurysm Trial, have found decreased morbidity with the
endovascular treatment of ruptured posterior circulation
aneurysms compared with open microneurosurgery. As
Bendok and colleagues note, the assessment of procedural
risk (endovascular versus microsurgical) requires an evaluation of different aspects of the aneurysm’s morphology
and anatomy. For any given aneurysm, the anticipated benefits and associated risks in the hands of the treating physician must be carefully weighed in selecting the appropriate
treatment. Here, we discuss the microneurosurgical and
endovascular treatment options, and conclude with our
recommendation for this patient.

Surgical Occlusion
Microneurosurgical treatment involves direct visualization to occlude the neck of the aneurysm. As Bendok and
colleagues note, microneurosurgery has also undergone
advances in the past several decades. Refined microneurosurgical technique, improvements in neuroanesthesia, and
multimodality neurophysiological monitoring have contributed to improved surgical outcomes. Furthermore, despite ongoing improvements in endovascular therapy, longterm durability remains superior with surgical clipping.
The key parameters to consider, arguably in decreasing
order of importance, are the direction of the aneurysm’s
dome, the anatomic relationship to the posterior clinoid
process, and the width of the aneurysmal neck. The orientation of the dome of the aneurysm is a critical aspect in
the decision to operate on a basilar apex aneurysm. Aneurysms that point anteriorly or superiorly may allow for
better visualization of the posteriorly projecting perforating arteries arising from the proximal posterior cerebral
arteries and the basilar artery, thereby facilitating dissection and subsequent clip placement. Posteriorly projecting
aneurysms may obstruct the visualization of some of these
critical perforating arteries, thereby increasing the risk of
inadvertent perforator occlusion. The base of the aneurysm
is situated at the level of the posterior clinoid process, and
satisfactory exposure of the basilar artery for temporary
occlusion will likely necessitate removal of the posterior
clinoid when approaching the aneurysm through an orbitozygomatic approach. Although cranial-base cerebrovascular
surgeons routinely remove the posterior clinoid process, it
does increase the risk of surgical morbidity, and this risk
should be factored into the decision. On the other hand,
particularly high basilar bifurcations situated well above
the posterior clinoid process can be difficult to reach and
may sway the pendulum toward endovascular therapy if
the anatomy is otherwise amenable. Finally, the width of
the neck, although often discussed in the decision-making
process for endovascular therapy, does have an impact on
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Fig. 15.5 The orbitozygomatic transsylvian approach provides
a greater range of access to basilar apex aneurysms than afforded
by the subtemporal approach, although the latter provides better

access to the posterior aspect of the aneurysm’s dome where the
perforators are the hardest to visualize. (Courtesy of Barrow Neurological Institute.)

open surgical treatment as well. Indeed, narrow-necked
aneurysms lend themselves toward both endovascular and
open surgery. A wider neck means a longer distance to clear
of perforators and to occlude with the surgical clip, which
is made even more difficult by the small surgical corridors
afforded by the approaches to this region.
Hernesniemi and Korja present a compelling argument
for use of the middle fossa/subtemporal approach to treat
this aneurysm. The subtemporal approach does allow for a
direct lateral view at the level of the basilar apex and good
visualization behind the aneurysm. This approach involves
retracting the temporal lobe and is performed from the right
side, when possible, to prevent placing the vein of Labbé of
the dominant hemisphere at risk. Improvements in brain
relaxation and neuroanesthesia have reduced retractionrelated injury in this approach, but the working corridor
remains relatively small, and subarachnoid hemorrhage and
swelling can reduce this corridor further, particularly in a
young patient. Although the subtemporal approach does
allow for visualization of aneurysms below the posterior
clinoid process, it is limited for viewing those originating
well above the posterior clinoid.
We prefer to use the orbitozygomatic approach, an
extension of the transsylvian approach, for basilar apex
aneurysms (Fig. 15.5). The approach provides a more
inferior-to-superior trajectory toward the basilar apex,
which permits access to aneurysms located above the posterior clinoid; nonetheless, those arising from a very high

basilar apex can be difficult to reach with this approach as
well. In the past, very high basilar apex aneurysms were
reached through the adjunctive use of hypothermic circulatory arrest. In the present era, brief periods of relaxation
for final clipping can be obtained with adenosine to stop
the heart, but in general, surgical approaches that do not
require these strategies are preferred. The orbitozygomatic
approach is not associated with as significant a risk for oculomotor nerve palsy as is the subtemporal approach, but as
Hernesniemi and Korja note, the oculomotor palsy, when
present, is often temporary. In our experience, the orbitozygomatic approach allows for a larger working corridor
and more surgical freedom (Fig. 15.6). Direct visualization
of the posterior aspects of the aneurysm is limited, but
temporary clipping can soften the dome to allow it to be
deflected to aid visualization. The orbitozygomatic approach
does allow visualization of both sides of the neck, which
are not easily seen with the subtemporal approach. The orbitozygomatic approach is restricted by the optic nerve and
internal carotid artery, but these offer multiple windows
and a variety of trajectories to the aneurysm’s neck (Fig.
15.7). Indeed, although there are advantages to placing the
clip with the tines parallel to the posterior cerebral arteries,
we have found that, with softening of the aneurysm, excellent closure without “dog-ear” remnants can be achieved
with clip placement from front to back.
Regardless of the approach selected, the critical point
of microneurosurgery is meticulous inspection of the per-
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Fig. 15.6 The anatomy of the basilar apex as seen from a right
orbitozygomatic approach through the oculomotor triangle.
BA, basilar artery; CN, cranial nerve; ICA, internal carotid artery;

L, left; MCA, middle cerebral artery; PCA, posterior cerebral artery; PCoA, posterior communicating artery; R, right. (Courtesy
of Barrow Neurological Institute.)

forating arteries before and after clipping of the aneurysm. Digital subtraction angiography cannot be used to
reliably evaluate the small perforating arteries. Indocyanine green angiography, however, can confirm the patency
of perforating arteries but does require direct visualization
of these vessels (Fig. 15.8). In certain cases, the orbitozygomatic approach may be easily combined with a subtem-

poral approach (otherwise known as the “half-and-half”
approach) to view behind the aneurysm, which is particularly useful with posteriorly projecting aneurysms. The
orbitozygomatic approach does not allow satisfactory visualization of aneurysms well below the posterior clinoid
process. Midbasilar and vertebrobasilar junction aneurysms generally are accessed through the petrosal, retrosi-

Fig. 15.7 Surgical view of the clipping from the right orbitozygomatic perspective. The clip in this case is advanced through the

oculomotor window while the tines are visualized through the opticocarotid window. (Courtesy of Barrow Neurological Institute.)
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Fig. 15.8 Indocyanine green angiography shows that the perforators have been preserved (arrowheads) at the basilar apex after
the clipping of a basilar apex aneurysm. (Courtesy of Barrow
Neurological Institute.)
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However, the morbidity of endovascular retreatment, when
necessary, is usually low. Access is through the vertebral
arteries, and significant stenosis of the vertebral artery
origin or marked tortuosity may increase the difficulty of
accessing the aneurysm. These access concerns are less
likely in a patient as young as the one described. There may
be an increased risk of dissection in patients with fibromuscular dysplasia.
The options for endovascular treatment have been well
described, and we will expound briefly on these as well as
other options. Coiling without an assist device would be
done with the expectation of subtotal occlusion; the risk of
coil herniation inferiorly with obstruction of flow into the
PCAs would be a concern and would limit our ability to
pack this aneurysm well. We would not recommend this
as a first option.
The use of vessel-remodeling devices is associated with
a higher morbidity than coiling without an assist device.
Technological advances in design and development, however, have significantly reduced the morbidity associated
with balloon remodeling. We would consider balloon-
assisted coiling of the aneurysm with placement of the balloon extending from the basilar artery into the left PCA, with
a second catheter or balloon in the right PCA to confirm
patency and allow for more aggressive coil placement if the
framing coils have formed an excellent basket (Fig. 15.9).

gmoid, or far lateral approaches if open surgical treatment
is required.
Additional surgical options that should be presented in
a thorough discussion of microneurosurgical therapy for
this aneurysm include deconstructive therapy with occlusion of the basilar artery below the superior cerebellar arteries in patients with amenable anatomy. Based on results
of an Allcock test, this surgical treatment may be augmented
with a bypass as necessary, generally a superficial temporal
artery-to-superior cerebellar artery bypass. We would not
recommend this treatment as a first-line intervention for
this patient.

Endovascular Occlusion
Bendok and colleagues present a thorough discussion of the
endovascular treatment options for this patient. Indeed,
the risk profile for endovascular treatment is different from
that for microneurosurgery and includes inadvertent occlusion of a major branch or recanalization of the aneurysm. This aneurysm is fairly large, has a wide neck, and
projects superiorly. During coil embolization of this aneurysm, the first priority must be to ensure the patency of
both PCA branches. In general, endovascular therapy is
associated with increased radiation exposure and a higher
risk of initial incomplete occlusion, as well as a higher risk
of recanalization, necessitating more frequent follow-up
imaging compared with microneurosurgical treatment.

Fig. 15.9 A subtracted anteroposterior angiogram shows a
basilar apex aneurysm at the conclusion of balloon-assisted
coiling, with the supporting catheter in the basilar artery and the
left posterior cerebral artery. (Courtesy of Barrow Neurological
Institute.)
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We routinely carry out coil embolization with the use
of neurophysiological monitoring, which may be useful in
detecting ischemia with balloon inflation. Complete occlusion would not be the expected outcome for this patient,
however. Preventing the aneurysm from rerupture is the
goal. Ultimately, recanalization and coil compaction is likely
in this location, and retreatment at a later time (after the
immediate sequelae of vasospasm have passed) would be
planned. We agree with Bendok’s plan and would anticipate the use of a stent with an extension into the left PCA
during the delayed treatment. We prefer to place the patient on 1 week of dual antiplatelet therapy when possible
rather than provide a bolus on the day of treatment. A balloon catheter would be placed in the other PCA for protection. But there are additional options. A dual-lumen balloon
catheter could be used with the balloon situated at the
neck of the aneurysm, although the particularly wide neck
and risks associated with transient flow arrest in bilateral
PCAs would be concerns with this option. This patient
could be treated with a Y-stent construct (Fig. 15.10). If
the posterior communicating arteries are large, they can be
used to deliver a single stent from one PCA across to the
other (T stent) (Fig. 15.11). We prefer not to use the “waffle
cone” technique as we believe it drives blood flow to the
base of the coil mass and would create a hemodynamic environment with a high risk of coil compaction and aneurysm recanalization (Fig. 15.12).
We would not pursue stent-assisted coiling in the acute
period. Some authors have advocated its use in this setting,
but we believe that the risks of hemorrhage, particularly
if cerebrospinal fluid drainage is needed, are concerning
for patients on dual antiplatelet therapy. Furthermore, the
natural hypercoagulable state of a patient with subarachnoid hemorrhage dissuades us from placing fresh Nitinol.
We also do not believe this aneurysm is amenable to flow

Fig. 15.11 Artist rendition of a T spanning from one posterior
cerebral artery to the other. Placement requires a large posterior communicating artery through which the stent is delivered.
(Courtesy of Barrow Neurological Institute.)

Fig. 15.10 An unsubtracted anteroposterior angiogram of a
coiled basilar tip aneurysm with two stents in a Y-stent configuration. The stent markers can be seen in the basilar artery and
both posterior cerebral arteries. (Courtesy of Barrow Neurological Institute.)

diversion and would not pursue this option. Another option not mentioned, Onyx HD 500, is also not suitable for
this aneurysm and its use here would also be off-label and
not recommended.
The final option proposed by Bendok and colleagues is
an interesting one that warrants some discussion. Recon-

Fig. 15.12 Artist rendition of the “waffle cone” technique in
which a stent is deployed within the basilar artery with the distal
tines set in the proximal aspect of the aneurysm. (Courtesy of
Barrow Neurological Institute.)
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struction of the neck of the aneurysm can significantly reduce the risks of endovascular treatment and allow for a
more dense packing of coils in the aneurysm, particularly
across the neck. Indeed, with endovascular therapy in
one’s armamentarium, microneurosurgical treatment may
be undertaken, and if proximal P1 perforators along the
distal side of the aneurysm cannot be safely visualized and
cleared, then subtotal occlusion of the aneurysmal neck
may be a reasonable option. The remodeled neck may then
be more amenable to aggressive embolization without the
risk of coil herniation and could be embolized immediately with a good outcome.
One important point to consider in patients with large
superiorly projecting basilar apex aneurysms is the delayed risk of settling of a large coil mass on the posterior
cerebral arteries with external compression and flow limitation. This risk is likely reduced with stent-assisted coiling, but it has been described and would be of concern in
patients with a larger aneurysm. We would not anticipate
this to be a significant risk for the patient described.
A last critical point, regardless of the modality selected,
is made by Hernesniemi and Korja about the modification
of risk factors. A strong encouragement of smoking cessation is critical for these patients, particularly for achieving
the best possible long-term outcome.

Conclusion
Both authors present excellent discussions of treatment
options for this patient. A pure microneurosurgical ap-
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proach is a good option in the hands of an experienced
vascular neurosurgeon. The aneurysm may be approached
through either a subtemporal or orbitozygomatic craniotomy, and the experience and comfort of the surgeon may
be the deciding factor. The aneurysm has certain features
amenable to open surgical treatment with respect to the
direction of the dome and the location of the basilar bi
furcation relative to the posterior clinoid process. A purely
endovascular treatment is also a reasonable option for
this patient. If treated in this way, we would recommend
securing the aneurysm in the early period with balloonassisted coiling followed by delayed, definitive stent-assisted
coiling.
Our final recommendation is to pursue open surgical
treatment for this patient through an orbitozygomatic approach because of her age and the Hunt and Hess grade of
the lesion at the time of the patient’s admission. We would
anticipate complete closure of the aneurysm; however, if
we were unable to visualize or protect distal perforators,
then subtotal clipping with coil embolization would be our
alternate strategy. Endovascular therapy as a first choice
is eminently reasonable. Where locally available expertise
strongly favors one approach or the other, the technique
with the lower chance of morbidity is preferred. In any
case, we concur with the other authors that aneurysms
such as this should be treated in high-volume centers with
expertise in both cerebrovascular microneurosurgery and
neurointerventional surgery.

Recommended Readings
Amenta PS, Dalyai RT, Kung D, et al. Stent-assisted coiling of widenecked aneurysms in the setting of acute subarachnoid hemorrhage: experience in 65 patients. Neurosurgery 2012;70:
1415–1429, discussion 1429 PubMed
Bendok BR, Aoun SG. Flow diversion for intracranial aneurysms:
optimally defining and evolving a new tool and approach.
World Neurosurg 2011;76:401–404 PubMed
Bendok BR, Getch CC, Parkinson R, O’Shaughnessy BA, Batjer HH.
Extended lateral transsylvian approach for basilar bifurcation
aneurysms. Neurosurgery 2004;55:174–178, discussion 178
PubMed
Bendok BR, Hanel RA, Hopkins LN. Coil embolization of intracranial
aneurysms. Neurosurgery 2003;52:1125–1130, discussion 1130
PubMed
Chalouhi N, Jabbour P, Gonzalez LF, et al. Safety and efficacy of endovascular treatment of basilar tip aneurysms by coiling with
and without stent assistance: a review of 235 cases. Neurosurgery 2012;71:785–794 PubMed
Connolly ES Jr, Poisik A, Winfree CJ, et al. Cigarette smoking and
the development and rupture of cerebral aneurysms in a mixed
race population: implications for population screening and
smoking cessation. J Stroke Cerebrovasc Dis 1999;8:248–253
PubMed
de Oliveira JG, Beck J, Seifert V, Teixeira MJ, Raabe A. Assessment
of flow in perforating arteries during intracranial aneurysm

surgery using intraoperative near-infrared indocyanine green
videoangiography. Neurosurgery 2008;62(6, Suppl 3):1300–
1310 PubMed
Drake CG, Hernesniemi JA, Peerless SJ. Selection of the surgical approach in basilar bifurcation aneurysms, 1993 (unpublished)
Drake CG, Peerless SJ, Hernesniemi JA, Yasargil MG. Surgery of Vertebrobasilar Aneurysms: London, Ontario Experience on 1767
patients. Vienna: Springer, 1996
Eddleman CS, Surdell D, Miller J, Shaibani A, Bendok BR. Endo
vascular management of a ruptured cavernous carotid artery
aneurysm associated with a carotid cavernous fistula with an
intracranial self-expanding Microstent and Hydrogel-coated
coil embolization: case report and review of the literature. Surg
Neurol 2007;68:562–567, discussion 567 PubMed
Gruber DP, Zimmerman GA, Tomsick TA, van Loveren HR, Link MJ,
Tew JM Jr. A comparison between endovascular and surgical
management of basilar artery apex aneurysms. J Neurosurg
1999;90:868–874 PubMed
Henkes H, Fischer S, Mariushi W, et al. Angiographic and clinical
results in 316 coil-treated basilar artery bifurcation aneurysms.
J Neurosurg 2005;103:990–999 PubMed
Hernesniemi J, Vapalahti M, Niskanen M, Kari A. Management
outcome for vertebrobasilar artery aneurysms by early surgery. Neurosurgery 1992;31:857–861, discussion 861–862
PubMed

288  

Controversies in Neurosurgery II

Hsu FP, Clatterbuck RE, Spetzler RF. Orbitozygomatic approach to
basilar apex aneurysms. Neurosurgery 2005;56(1, Suppl):172–
177, discussion 172–177 PubMed
Jin SC, Ahn JS, Kwun BD, Kwon DH. Analysis of clinical and radiological outcomes in microsurgical and endovascular treatment
of basilar apex aneurysms. J Korean Neurosurg Soc 2009;45:
224–230 PubMed
Kellner CP, Haque RM, Meyers PM, Lavine SD, Connolly ES Jr, Solomon RA; Clinical Article. Complex basilar artery aneurysms
treated using surgical basilar occlusion: a modern case series.
Clinical article. J Neurosurg 2011;115:319–327 PubMed
Krisht AF, Krayenbühl N, Sercl D, Bikmaz K, Kadri PA. Results of
microsurgical clipping of 50 high complexity basilar apex aneurysms. Neurosurgery 2007;60:242–250, discussion 250–252
PubMed
Lawton MT. Basilar apex aneurysms: surgical results and perspectives from an initial experience. Neurosurgery 2002;50:1–8,
discussion 8–10 PubMed
Lozier AP, Kim GH, Sciacca RR, Connolly ES Jr, Solomon RA. Microsurgical treatment of basilar apex aneurysms: perioperative
and long-term clinical outcome. Neurosurgery 2004;54:286–
296, discussion 296–299 PubMed
Lusseveld E, Brilstra EH, Nijssen PC, et al. Endovascular coiling versus neurosurgical clipping in patients with a ruptured basilar
tip aneurysm. J Neurol Neurosurg Psychiatry 2002;73:591–593
PubMed
Mehra M, Hurley MC, Gounis MJ, et al. The impact of coil shape
design on angiographic occlusion, packing density and coil
mass uniformity in aneurysm embolization: an in vitro study.
J Neurointerv Surg 2011;3:131–136 PubMed
Ortiz R, Stefanski M, Rosenwasser R, Veznedaroglu E. Cigarette
smoking as a risk factor for recurrence of aneurysms treated by
endosaccular occlusion. J Neurosurg 2008;108:672–675 PubMed
Pandey AS, Koebbe C, Rosenwasser RH, Veznedaroglu E. Endovascular coil embolization of ruptured and unruptured posterior
circulation aneurysms: review of a 10-year experience. Neurosurgery 2007;60:626–636, discussion 636–637 PubMed
Peerless SJ, Hernesniemi JA, Gutman FB, Drake CG. Early surgery
for ruptured vertebrobasilar aneurysms. J Neurosurg 1994;80:
643–649 PubMed

Pierot L, Cognard C, Spelle L, Moret J. Safety and efficacy of balloon
remodeling technique during endovascular treatment of intracranial aneurysms: critical review of the literature. AJNR Am J
Neuroradiol 2012;33:12–15 PubMed
Piotin M, Blanc R, Spelle L, et al. Stent-assisted coiling of intracranial aneurysms: clinical and angiographic results in 216 consecutive aneurysms. Stroke 2010;41:110–115 PubMed
Raabe A, Nakaji P, Beck J, et al. Prospective evaluation of surgical
microscope-integrated intraoperative near-infrared indocyanine green videoangiography during aneurysm surgery. J Neurosurg 2005;103:982–989 PubMed
Redekop GJ, Durity FA, Woodhurst WB. Management-related
morbidity in unselected aneurysms of the upper basilar artery.
J Neurosurg 1997;87:836–842 PubMed
Rice BJ, Peerless SJ, Drake CG. Surgical treatment of unruptured
aneurysms of the posterior circulation. J Neurosurg 1990;73:
165–173 PubMed
Samson D, Batjer HH, Kopitnik TA Jr. Current results of the surgical
management of aneurysms of the basilar apex. Neurosurgery
1999;44:697–702, discussion 702–704 PubMed
Sanai N, Tarapore P, Lee AC, Lawton MT. The current role of mi
crosurgery for posterior circulation aneurysms: a selective
approach in the endovascular era. Neurosurgery 2008;62:1236–
1249, discussion 1249–1253 PubMed
Smith GA, Dagostino P, Maltenfort MG, Dumont AS, Ratliff JK.
Geographic variation and regional trends in adoption of endovascular techniques for cerebral aneurysms. J Neurosurg 2011;
114:1768–1777 PubMed
Vallee JN, Aymard A, Vicaut E, Reis M, Merland JJ. Endovascular
treatment of basilar tip aneurysms with Guglielmi detachable
coils: predictors of immediate and long-term results with
multivariate analysis 6-year experience. Radiology 2003;226:
867–879 PubMed
Yasargil MG, Antic J, Laciga R, Jain KK, Hodosh RM, Smith RD.
Microsurgical pterional approach to aneurysms of the basilar
bifurcation. Surg Neurol 1976;6:83–91 PubMed

Chapter 16

Surgical Approaches to Basilar
Tip Aneurysms

Case
A 45-year-old man who smokes cigarettes presents with subarachnoid hemorrhage of Hunt and Hess
grade I and Fisher grade II. A left vertebral artery angiogram and a three-dimensional computed tomography angiography reconstruction show a broad-based basilar tip aneurysm.

Participants
The Pterional Approach to an Aneurysm at the Basilar Bifurcation: John L. Fox
The Cranio-orbital Zygomatic (COZ) Approach to Basilar Apex Aneurysms: Kaith K. Almefty and T. C.
Origitano
The Transcavernous Approach to Basilar Aneurysms: Ali F. Krisht
The Pretemporal Approach to Basilar Aneurysms: Feres Chaddad, José Maria de Campos Filho, and Evandro
de Oliveira
Moderators: Surgical Approaches to Basilar Apex Aneurysms: Duke Samson and Christopher S. Eddleman
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The Pterional Approach to an Aneursym at the Basilar Bifurcation
John L. Fox
Over the past few years, the pterional, or frontolateral, approach to the interpeduncular cistern has gained increasing acceptance.1–6

Surgical Approach
To visualize any targeted lesion in this cistern between
the upper clivus and the midbrain, the surgeon must open

a

a pathway between the sphenoid wing and the base of the
sylvian fissure. Failure to drill the sphenoid wing and
insufficient opening of the sylvian fissure under good magnification have been common causes of a surgeon’s dis
appointment in using the pterional approach. Figure 16.1a
illustrates the relationship of the aneurysm to cerebral
structures as seen through a right pterional approach.
Figure 16.1b,c shows the opening of the sylvian fissure.

b

c

d
Fig. 16.1a–d (a) The projected relationship of an aneurysm at
the basilar bifurcation to arteries and nerves as seen in the right
frontotemporal or pterional approach after the sylvian fissure (Sy)
is opened. Note the right A1 artery crossing the chiasm behind
the optic nerve (2); the internal carotid artery (ICA) continuing
toward the surgeon as the M1 artery; the right oculomotor nerve
(3) arising from the midbrain and flanked by the posterior cerebral
artery rostrally and the superior cerebellar artery (SCA) caudally
(seen on the left side also); the termination of the basilar artery
(BA); and the junction (p) of the right posterior communicating
P1 and P2 arteries. (b) The arachnoid in the sylvian fissure is incised with microscissors (sci). The surgeon holds the suction
tube (s) in the left hand. Self-retaining retractors support and

separate the frontal lobe (FL) and temporal lobe (TL). cot, cotton
ball. (c) The sylvian fissure has been opened widely, exposing M1
and M2 and the internal carotid artery (ICA), as well as the optic
nerve (2). The tip of the suction tube (s) rests on a small dental
cotton ball (cot). (d) The retractor is used to elevate the right
frontal lobe (FL) and its gyrus rectus (GR) off the optic nerves (2)
and chiasm. Arachnoid adhesions between the chiasm and frontal
lobe are severed. The middle cerebral artery (M1) and bifurcation
of the internal carotid artery (*) are in view. (From Fox JL. Microsurgical exposure of vertebrobasilar aneurysms. In: Rand RW, ed.
Microneurosurgery, 3rd ed. St. Louis: CV Mosby, 1985:589–599.
Reprinted by permission.)
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Fig. 16.2a–d (a) The posterior communicating artery (PCA) is
followed back, and the uncus of the temporal lobe (TL) is dissected off the oculomotor nerve (3) with a microprobe (pr). In the
background is the arachnoid membrane (mem) of Liliequist separating the chiasmatic and interpeduncular cisterns. Note the anterior clinoid process (AC) and the bifurcation of the internal carotid
artery (*) and its perforators (perf). (b) The same view after the
membrane of Liliequist and arachnoid adhesions have been
cleared away. The origin of the right oculomotor nerve (3) is seen.
The optic nerve (2), A1 artery, origin of the posterior communicating artery (double-crossed arrow), origin of the anterior choroidal artery (single-crossed arrow), rostral border of the pons, and tip
of the basilar artery (uncrossed arrow shows its direction) are
seen. The pituitary stalk and dome of this rostrally projecting aneurysm are hidden behind the arachnoid (*) between the optic
nerve and the carotid artery. (c) The suction tube (s) is used to
retract the internal carotid and posterior communicating arteries,

exposing the right P1 artery, the right P2 artery, and their junction (*) with the posterior communicating artery. The posterior
clinoid process (PC) hides part of the tip of the basilar artery in
this view. A probe (pr) is used to lift the origin of the superior
cerebellar artery (SCA). Note the edge of the SCA and the edge of
the tentorium (te). (d) The bipolar forceps (for) is used to dissect
arachnoid off the posterior communicating artery and its anterior
thalamoperforators. Care must be taken not to perforate the adjacent dome of the aneurysm with the tips of the forceps. A narrow, self-retaining retractor (ret) is used to draw back the M1 artery and the internal carotid bifurcation. Also seen are the internal
carotid artery (ICA) and the A1 artery. The P2 artery and the SCA
flank the oculomotor nerve. (From Fox JL. Microsurgical exposure
of vertebrobasilar aneurysms. In: Rand RW, ed. Microneurosurgery, 3rd ed. St. Louis: CV Mosby, 1985:589–599. Reprinted by
permission.)

Figure 16.1d emphasizes the lysis of the arachnoid and
adhesions between the optic nerve and the base of the
frontal lobe.
In Fig. 16.2, we see the pathway taken caudally. The
wide separation of the right frontal and temporal lobes
with visualization of the middle cerebral artery is evident.
The exposure is developed between the internal carotid
artery and the oculomotor nerve; the posterior communicating artery is followed (Fig. 16.2a,b). Occasionally, the
exposure is between the optic nerve and the internal ca-

rotid artery (rare in my experience). The rostral pons, the
superior cerebellar artery, the origin of the oculomotor
nerve, and the junction of the posterior communicating
artery with the P1 and P2 portions of the posterior cerebral
artery (PCA) are evident (Fig. 16.2c,d).
At times, the posterior clinoid process is in the visual
field. In such uncommon cases, I use a small high-speed
diamond drill to remove this projection. Figure 16.3a shows
the aneurysm at the tip of the basilar artery coming into
view between the retracted right internal carotid artery
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Fig. 16.3a–d (a) A narrow retractor (ret) is used to displace
the internal carotid bifurcation and M1. The crossed arrow points
to the posterior communicating artery lying lateral to the dome
of the aneurysm. The optic (2) and oculomotor (3) nerves are
seen. The posterior clinoid process (PC) hides part of the left P1
artery. The right P1 and P2 arteries and the rostral pons are seen.
(b) The posterior communicating artery (single-crossed arrows) has
been clipped with small, malleable, tantalum clips and severed to
better expose the aneurysm (*). The suction tube (s) hides the
junction of the left P1 and the aneurysm. The tip of the basilar

artery (BA) is seen. The left superior cerebellar artery (SCA) is hidden. A probe (pr) is used to retract the right P1 artery to expose
the posterior thalamoperforators. (c) A Yasargil clip straddles the
neck of the aneurysm (*) before closure. The clip is in its applicator (app). The right P2 artery is seen. (d) The clip (clp) has been
closed. Both P1 arteries and their perforators are preserved. The
shank of the clip touches the oculomotor nerve (3). (From Fox JL.
Microsurgical exposure of vertebrobasilar aneurysms. In: Rand
RW, ed. Microneurosurgery, 3rd ed. St. Louis: CV Mosby, 1985:
589–599. Reprinted by permission.)

and the oculomotor nerve. Often, the posterior commu
nicating artery must be severed between small malleable
clips (avoiding perforators) to gain an adequate view of the
aneurysm (Fig. 16.3b). After the aneurysm is separated
from the posterior thalamic perforators, the neck is clipped
(Fig. 16.3c,d). A large aneurysm, such as that seen in the
patient under discussion, often requires a long clip to be
placed across the equator of the dome to collapse the aneurysm before clipping the neck. Otherwise, the clip on the
neck will slip and occlude the P1 arteries.

the posterior clinoid process to the neck of the aneurysm
on the lateral arteriogram. They concluded that the frontolateral approach is too difficult if the neck of the aneurysm
lies below the level of the posterior clinoid process. With
wide opening of the sylvian fissure, however, and excellent
brain relaxation, I believe it is still usually possible to deal
with these low-lying basilar tip aneurysms.
Yasargil and colleagues6 preferred the frontolateral to
the subtemporal route for the following reasons:

Discussion
Samson and colleagues7 and Wright and Wilson8 have emphasized the importance of appreciating the relationship of

•
•

•

There is less retraction pressure on the temporal lobe.
The anatomy of the interpeduncular cistern is better
seen (both P1 arteries and perforators) with a more
frontal view of the aneurysm.
The oculomotor and trochlear nerves are less disturbed.
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•

The surgeon can better treat additional aneurysms on
the anterior circle of Willis at the same time.

The disadvantages of the frontolateral route may include the following:
•

•
•
•
•

•

The internal carotid or M1 arteries must often be retracted (this is dangerous if the patient has atherosclerosis or if blood pressure drops very low).
The posterior communicating or P1 artery must often
be ligated and sectioned.
The posterior clinoid process may be in the way of lowlying aneurysms at the basilar bifurcation.
Aneurysms high up in the interpeduncular cistern that
project backward are more difficult to visualize.
Perforators between the posterior aspect of the aneurysm and the brain stem may be less easily seen in some
cases.
The working space between the internal carotid artery
and the oculomotor nerve is confining, requiring expert
microtechnique.
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Some surgeons have used a modified approach that combines the pterional exposure with the subtemporal, usually
resulting in posterior retraction of the temporal lobe rather
than a true transsylvian exposure.9,10 The supraorbitalpterional approach of Al-Mefty11 provides further low-basal
exposure of these lesions.
Early in my neurosurgical career, I operated on aneurysms at the basilar bifurcation through the standard subtemporal approach described by Drake.12 After observing
the techniques of Yasargil and colleagues6 (who first used
the pterional approach for those aneurysms), I changed to
using the pterional approach because many patients had
multiple aneurysms that could not all be clipped through
the subtemporal approach during the same surgery. As I
gained experience, I found myself more comfortable with
the pterional approach and now rarely use the subtemporal
approach to aneurysms in the interpeduncular fossa. In the
patient described in this case, I would use the right pterional approach, operating when the patient is in good condition after the phase of vasospasm has passed.

The Cranio-orbital Zygomatic (COZ) Approach to
Basilar Apex Aneurysms
Kaith K. Almefty and T. C. Origitano
Basilar apex aneurysms are among the most challenging
cerebrovascular lesions because of their deep location,
proximity to important and delicate neurovascular structures, and the surgeon’s limited visibility and maneuverability. The surgical challenges have been exacerbated in
the endovascular era as surgical treatment has often been
reserved for the most complex geometrical lesions. The
ideal surgical approach to these complex lesions should
embody the following fundamental principles:
•
•
•

Provide visualization and control of proximal and distal
vasculature.
Allow for the safe dissection of small perforating
arteries.
Maximize maneuverability and ergonomics for optimal dissection and clip placement with minimal brain
retraction.13

The cranio-orbital zygomatic (COZ) approach achieves
these tenets by providing a shorter and wider operative
distance, early proximal and distal control, direct entry to
the interpeduncular cistern, and multiple angles for viewing and dissecting, as well as minimizing brain retraction.
An approach angle that is flat with the middle cranial fossa
combined with the short, wide corridor enables the surgeon to place a hand in the middle cranial fossa for im-

proved control (Fig. 16.4). This approach provides clear
visualization of the thalamoperforators, the neck and dome
of the aneurysm, the anterior circulation, and both PCAs.
In addition, the clip can be placed without compromising
visualization or control.

Case Presentation and Description of the
Cranio-orbital Zygomatic Approach
In this chapter’s presented case, cerebral angiography with
three-dimensional reconstruction delineates a broad-based
aneurysm at the basilar apex (see the figures with the case
presentation), and so this patient is considered high risk for
endovascular treatment. We recommend that the patient
undergo definitive clipping of the aneurysm through a
right-sided COZ approach with removal of the posterior
clinoid process and a transcavernous technique.
For this approach, the patient’s head is placed in the
Mayfield headrest (with all pins placed behind the ears if
possible), slightly extended, and turned 30 degrees away
from the operative side. A scalp incision is made 1 cm anterior to the tragus and continued behind the hairline to the
midline. This incision can be extended toward the contralateral temporal line for additional exposure, and should
be superficial to the pericranium and temporalis fascia.
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Fig. 16.4 Illustration showing the surgical approaches to the
cerebral vasculature. The top left cone shows the cranio-orbital
zygomatic (COZ) approach. The right top and middle cones show
the pterional and subtemporal approaches, respectively. Note
the short wide corridor to the basilar apex obtained with the COZ
approach compared with the longer, more narrow corridors of
the traditional approaches. (From Origitano TC, Anderson DE,
Tarassoli Y, Reichman OH, Al-Mefty O. Skull base approaches to
complex cerebral aneurysms. Surg Neurol 1993;40:339–346.
Reprinted by permission.)

The subcutaneous flap is dissected sharply from the pericranium, and dissection is carried anteriorly to the prominence of the superior orbital rim. Further dissection in this
plane is done posterior to the skin incision. A bicoronal
incision is then made in the underlying pericranium, from
temporal line to temporal line, based on the supraorbital
blood supply. The large vascularized flap is then elevated,
and the supraorbital arterial supply is preserved along the
bilateral superior temporal lines. The supraorbital nerve
should be identified along the medial third of the superior
orbital notch. It may exit either through a notch or a true
foramen. If through a notch, the nerve can be safely dissected free. If through a foramen, an osteotomy must be
done around the foramen and the nerve dissected free with
its bony attachment. The periorbita is detached from the

superior and lateral walls of the orbit and the scalp flap is
reflected anteriorly.
To protect the frontotemporal branches of the facial
nerve, the fat pad containing these branches is elevated
with the superficial and deep layers of temporalis fascia. At
a point 1.5 cm posterior to the lateral orbital rim, a 2-cm
incision in the superficial and deep temporal fascia is made
parallel with the zygomatic arch. In subperiosteal fashion,
these layers are reflected with the fat pad and skin flap. The
zygomatic arch is also dissected along its length in subperiosteal fashion. It is then sectioned obliquely at the malar
eminence and the root of the zygoma. The temporalis
muscle is incised posterior to the superficial temporal artery, elevated with subperiosteal dissection, and reflected
downward.14
Bur holes are placed at the base of the zygoma and at
the keyhole, which should expose both the dura and periorbita. An osteotomy is made on the lateral orbital rim and
extended to the keyhole. The next cut extends from the
zygomatic bur hole along the base of the temporal fossa
to the sphenoid ridge. The sphenoid ridge is then removed
with the high-speed drill, and this cut is connected to the
keyhole. An osteotomy is then made from the temporal bur
hole to the frontal bur hole and extended into the orbital
roof. Next, an osteotomy is done from the keyhole through
the orbital roof, extending medially. The skull flap can then
be elevated, and the remaining portion of the roof and lateral orbit are removed in one piece with additional osteotomies. The first cut is in the roof of the orbit and extends
posteriorly along but not into the ethmoid sinuses. The
second cut is made at the base of the lateral wall of the
orbit along the inferior orbital fissure. These cuts are then
connected across the lesser sphenoid wing and the flap is
elevated15 (Fig. 16.5). The osteotomies can be tailored to
individual aspects of the patient’s anatomy and based on
the surgeon’s experience. They can be done as described
above, or the orbitozygomatic osteotomy can be taken as
a single piece or as two pieces (orbit and zygoma).
The medial aspects of the sphenoid wing are removed
with the drill, which unroofs the superior orbital fissure.
The optic canal is located medial to the superior orbital fissure at the apex of the orbit. It is opened extradurally and
the optic strut is drilled, allowing for an extradural removal
of the anterior clinoid process (Fig. 16.6). The dura is then
opened with a curvilinear incision and reflected anteriorly.
The surgeon can gain additional working space by depressing the orbit with anterior dural traction and fixation to
further flatten the orbital trajectory.16,17
The sylvian fissure is widely dissected, allowing the
temporal lobe to fall laterally and posteriorly. The tethering
veins running from the sylvian fissure to the sphenoparietal sinus are dissected and preserved. The lateral and medial carotid cisterns, the lateral wall of the cavernous sinus,
and the edge of the tentorial incisura are then exposed. The
entrance of the third nerve into the cavernous sinus must
be identified and will guide further dissection. Untether-
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Fig. 16.6 Intraoperative photograph of the COZ craniotomy.
The temporalis muscle is reflected inferiorly and out of the field
of view. The orbital osteotomies have widened the transsylvian
corridor.

Fig. 16.5 Illustration of the COZ cuts. Bur holes are drilled in the
temporal bone (the keyhole) and the frontal bone. Cuts are
made as follows: from the lateral orbital rim to the keyhole, the
zygomatic bur hole to the sphenoid ridge, the temporal bur hole
to the frontal bur hole, the keyhole through the orbital roof extending medially, and the sphenoid ridge to the keyhole. (From
Arnautovic KI, Al-Mefty O, Angtuaco E. A combined microsurgical skull-base and endovascular approach to giant and large paraclinoid aneurysms. Surg Neurol 1998;50:504–520. Reprinted by
permission.)

ing the third nerve and opening the oculomotor foramen
provides additional exposure and facilitates safe retraction
of the nerve (Fig. 16.7). Dissection is done along the third
nerve toward the brainstem, and the origins of the PCAs
and superior cerebellar arteries are identified. At this point,
proximal control of the distal basilar artery should be established by identifying a “landing zone” for the application
of a temporary clip. The posterior communicating artery is
dissected from its origin on the carotid to the junction of
the PCA. Beneath the posterior communicating artery, the
interpeduncular cistern is approached obliquely from an
anterior-to-inferior direction, and the posterior communicating artery is followed back to the PCA and the aneurysm.
The superior aspect of the aneurysm is further dissected
anterior to the third nerve in the interpeduncular cistern
(Fig. 16.8). The back wall of the aneurysm and the thalamoperforators may be dissected by working laterally and
beneath the third nerve.
This exposure is typically sufficient for high-lying and
normal basilar apex aneurysms; for low-lying aneurysms,
additional exposure may be necessary. Skeletonizing and
removing the posterior clinoid process may create further

anterior and lateral exposure (Fig. 16.9). Exposing the proximal basilar artery for temporary clipping is possible at the
level of the fifth nerve; cutting the tentorium behind the
fourth nerve facilitates this by allowing for further inferior
visualization13,16 (Fig. 16.10).
These maneuvers provide a wide exposure of the interpeduncular cistern with multiple viewing angles, allowing
the surgeon to view the top of the basilar artery, the posterior communicating artery, and both PCAs. Clips may be
applied in a lateral-to-anterolateral arc (Fig. 16.11). If
projecting dorsally, the aneurysm may be difficult to clip
from this arc and a more lateral trajectory can be obtained
by working through the ambient cistern. The COZ approach
allows for this with minimal retraction of the temporal
lobe.16

Fig. 16.7 The oculomotor foramen is opened, a maneuver that
widens the depth of field and allows for safe manipulation of the
nerve. Arrows: oculomotor nerve; arrows oculomotor foramen.
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Fig. 16.8a–c (a) Anatomic dissection of the exposed basilar
apex. The third nerve is in the foreground and guides the dissection. A clip, placed on the basilar artery inferior to the superior
cerebellar arteries, provides proximal control. The bilateral posterior cerebral arteries are exposed and able to be controlled with
temporary clips. The perforating arteries are well visualized. Illustration (b) and intraoperative photograph (c) are of similar views.
Arrow, basilar tip aneurysm; arrowhead, internal carotid artery; *,
oculomotor nerve; +, posterior cerebral artery; x, posterior clinoid.
(Part b from Origitano TC, Anderson DE, Tarassoli Y, Reichman OH,
Al-Mefty O. Skull base approaches to complex cerebral aneurysms. Surg Neurol 1993;40:339–346. Reprinted by permission.)

c

Discussion
The COZ approach, as described here and with variations
by others,13,14,16,18–20 provides distinct advantages in the
clipping of basilar tip aneurysms as compared with the
pterional and subtemporal approaches. The lateral subtemporal approach to basilar apex aneurysms provides the
advantage of exposure to the posterior aspect of the aneurysm and to the thalamoperforators, but exposure of the
apex and the contralateral P1 is limited. In addition, temporal lobe retraction is necessary and this approach may
not be feasible in the setting of subarachnoid hemorrhage
and cerebral swelling. The pterional approach provides access to the apex and contralateral P1, but limits the exposure to the back wall of the aneurysm. The trajectory is
long, and aneurysms placed both high and low are not well
visualized because of the one-directional, envelope-shaped
field. The COZ approach provides both superior and posterior access and increases the number of viewing angles,
fundamentally providing both the transsylvian and subtemporal avenues.13,16 The wide exposure of the interpeduncular cistern allows access to the apex of the aneurysm,
the carotid artery, and the posterior communicating and
PCAs.13,17 Temporary clipping distal or proximal to the
superior cerebellar arteries is also possible (Fig. 16.8). The
flat working area along the middle cranial fossa exposes
the neck and the thalamoperforators. Untethering the

third nerve and drilling the posterior clinoid process opens
up additional working angles and access to a low-lying
bifurcation.16,18
The essential advantage of the skull-base approach is a
shorter, wider corridor. This corridor provides the surgeon
with greater visualization, maneuverability, control, and
ergonomic advantages at the deepest and most delicate

Fig. 16.9 The posterior clinoid is skeletonized and removed to
allow additional anterior and lateral exposure.
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Fig. 16.10 The tentorium is cut posterior to the fourth nerve.
This provides a wider exposure of the interpeduncular cistern
and access to the proximal basilar artery to the level of the fifth
nerve for temporary clip placement.

Fig. 16.11 The aneurysm is dissected with particular attention
to the thalamoperforators, and the neck is prepared for clipping.
A clip may be placed in an anterolateral trajectory. The dotted
line indicates the location of clip placement.

points of dissection. The additional working angles ensure
safer clipping with better visualization of the thalamoperforators and the contralateral P1.13,15–17 Advancements
in endovascular surgery have resulted in fewer basilar tip
aneurysms treated through clipping. As a result, the aneurysms approached surgically are often complicated and

present unique challenges, such as a large size, wide neck,
and difficult projection. The advantages of the COZ approach are most profound in the surgical management
of these complicated aneurysms, when both anterior and
lateral dissection is necessary for safe and successful
clipping.

The Transcavernous Approach to Basilar Aneurysms
Ali F. Krisht
Basilar apex aneurysms continue to be a treatment challenge.21–26 The present trend is to refer most patients with
basilar aneurysms, if not all, in some centers, for endovascular therapy. The problem with endovascular coiling of
basilar aneurysms continues to be the question regarding
curability and durability achieved with this treatment
modality.22–28 Reports indicate that recanalization and the
need for future treatment occurs in as many as 20 to 30%
of treated patients with basilar apex aneurysms.29 This
problem is further compounded by the finding that these
aneurysms continue to have an annual risk of bleeding as
high as 1.3% per year, which increases to 2.1% per year
in partially coiled aneurysms. When this information is
compared with the reported natural history of unruptured
aneurysms,30–32 it even raises the question of whether any
protection is provided to an unruptured aneurysm with
a coil.
Most basilar aneurysms have at least one criterion that
predisposes them to a higher rate of failure with endovas-

cular therapy, such as a large or giant size, a wide dysmorphic neck, or both27,29 (Table 16.1). Based on these findings,
and making use of the advances in microsurgical techniques,6,13,18,20,33–41 we have used the transcavernous approach to achieve a more durable outcome for patients
with such difficult aneurysms.42–44

Table 16.1 Criteria for High Complexity
Criterion

Number

Percentage

Size (large/giant)

18/11

33/22

Posterior projecting dome

13

22

Low bifurcation

23

41

Wide dysmorphic base

20

35

Dolichoectasia

3

6
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Surgical Technique
Craniotomy
The craniotomy used for the transcavernous approach is a
frontotemporal craniotomy, which is like a modified pterional approach with a more temporal extension. To gain
access to the pretemporal region, the zygomatic notch is
drilled to allow more inferior reflection of the temporalis
muscle. After the bone flap is raised, epidural hemostasis
is established with tack-up stitches, and then, under the
microscope, the sphenoid wing is drilled flat with the roof
of the orbit. The posterior third of the roof and lateral wall
of the orbital cone are removed either with a high-speed
diamond drill or bone rongeurs. This removal of bone is extended medially to the level of the anterior clinoid process.

Removing the Anterior Clinoid Process
To ease the removal of the anterior clinoid process and to
better expose it, pretemporal dural dissection is done at
this stage. This dissection is started at the level of the orbitomeningeal artery, which is coagulated and cut (Fig. 16.12).
From there on and along the temporal side, the dura propria of the temporal lobe is separated from the lateral wall
of the cavernous sinus. The dissection is started at the level
of the superior orbital fissure and extended laterally and
posteriorly over the different branches of the trigeminal
nerve. The dissection is then continued posteriorly to the
level of the gasserian ganglion and Meckel’s cave. To make
this dissection easier, the middle meningeal artery is coagulated and cut from its course at the level of the foramen
spinosum. Hemostasis within the cavernous sinus is established at this stage by injecting 1 cc of fibrin glue into the
cavernous sinus proper between the V1 and V2 branches
of the trigeminal nerve. After this stage of epidural dissection, the anterior clinoid process is removed.
From the surgical point of view, the anterior clinoid process has three main attachments. The first, its continuation
with the orbital roof and the sphenoid wing, should have
already been removed. The remaining two attachments are
to the roof of the optic canal and the floor of the optic canal
along its extension as the optic strut. Both attachments
are drilled with a high-speed diamond drill with frequent
stops and copious irrigation to prevent the generation of
excessive heat, which may injure the optic nerve. Once
these attachments are drilled, the tip of the anterior clinoid
process becomes mobile and is easy to shell out from its
dural attachments. Care is taken to dissect gently around
the clinoidal segment of the carotid artery. The surgeon
must also be cognizant of the extension of the clinoid attachment to the optic strut with the sphenoid sinus at the
level of the opticocarotid angle. Occasionally, the clinoid
process itself is pneumatized and the sphenoid sinus is
immediately entered by just removing the clinoid tip. The
importance of recognizing this anatomic variation is to pay
attention to the obliteration of this window into the sphenoid sinus during closure. We usually apply a small piece

Fig. 16.12 Intraoperative photograph showing the cutting of
the orbitomeningeal artery and the dural fold attaching the dura
of the sphenoid wing to the periorbita.

of the temporalis muscle into the opening of the sphenoid
sinus before the rest of the dura is closed (Fig. 16.13).

The Dural Opening
The dura is opened in a curved T fashion (Fig. 16.14). The
vertical arm of the T extends along the indentation of the
sphenoid ridge between the frontal and temporal lobes.
This incision is extended all the way to the level of the oculomotor trigone. Opening the basal cisterns and releasing
spinal fluid allows the brain to relax, facilitating visualization of the intradural course of the oculomotor nerve. The
previous dissection of the lateral wall of the cavernous

Fig. 16.13 The extent of the extradural pretemporal exposure
after removing the anterior clinoid process. The photograph enhances the course of the optic nerve (II), the oculomotor nerve
(III), the trochlear nerve (IV), the V1 segment of the trigeminal
nerve, and the V2 segment of the trigeminal nerve. ICA, the location and course of the clinoidal segment of the internal carotid
artery after removal of the anterior clinoid process.
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Fig. 16.14

Delineation of the dural opening.

sinus already exposed the extradural component of the
oculomotor nerve. At this stage, and under the microscope,
both the intradural and extradural portions of the oculomotor nerve are visualized (Fig. 16.15). With a sharp microknife, the dura is then cut to further open the oculomotor
canal from its intradural extension all the way to the level
of the superior orbital fissure. A triangular piece of dura
extending from the optic canal to the level of the oculomotor nerve is then removed and shaved from its attachment
to the carotid dural ring.

Intradural Dissection and Exposure of
the Aneurysm
Once epidural hemostasis is established and the dura is
opened, the sylvian fissure is then opened from insideto-outside, as described by Yasargil. Next, a self-retaining
brain spatula is applied over the temporal lobe. We usually
preserve the attachment of the temporopolar veins to the
temporal dura and thus further cut the temporal dura
under the temporal lobe and along its lateral extension.
This maneuver leaves the temporal dura with the attached
temporopolar veins on the surface of the temporal lobe and
under the applied spatula. The temporal lobe posteriorly
and laterally is gently retracted to allow a straight access
from the pretemporal region to the interpeduncular fossa.
The arachnoid along the skull base, including Liliequist’s
membrane, is dissected and cut, exposing the root of the
oculomotor nerve to the level of its attachment with the
brainstem (Fig. 16.16a).
At this stage, the surgeon assesses the level of the bifurcation in relationship to the posterior clinoid process. If the
bifurcation is low, the posterior clinoid process is removed
to allow better exposure of the bifurcation and the basilar
trunk for application of the temporary clips. To remove the
posterior clinoid process, the petroclival dura must be cut
and removed, which leads to the posteromedial compartment of the cavernous sinus. In most cases, the previous
injection of fibrin glue fills this compartment and provides
adequate hemostasis. Occasionally, another injection of glue
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Fig. 16.15 Intraoperative photograph showing the sharp dissection of the intracavernous portion of the third nerve starting
from the region of the oculomotor trigone. The intradural component of the third nerve is seen (III). ICA, internal carotid artery;
II, optic nerve.

is necessary before the dura is removed and the posterior
clinoid bone is exposed.
Before the clinoid process is removed, the oculomotor
nerve must be dissected from all its attachments along the
oculomotor canal. Such dissection allows for easy mobilization of the third nerve, which can be moved from a medial to a lateral position to move the oculomotor nerve back
and forth also from a medial to a lateral position. This
maneuver prevents any permanent injury to the nerve
and provides adequate exposure of the different corners of
the posterior clinoid process. We used to drill the anterior
clinoid process with a 1- or 2-mm high-speed diamond
drill with frequent stops and copious irrigation. More recently, however, we have been using an ultrasonic aspirator, which alleviates the need for drilling. Once the posterior
clinoid process is removed, the surgeon assesses the level
and position of the basilar trunk. Careful dissection is done
on the posterior aspect of the trunk to establish an adequate zone free of perforators where the temporary clips
can be applied.
The clips are usually placed proximal to the takeoff of
the superior cerebellar artery branches. The rationale behind this plan is to achieve proximal control but to continue to allow a small amount of collateral flow through the
superior cerebellar artery system. This maneuver decreases
the amount of flow within the aneurysm, softening it and
making it more compressible during the initial application of a permanent clip to the neck. At the same time, it
maintains a small amount of blood flow in the perforators,
thereby improving the safety of the temporary occlusion
should it be more prolonged than expected.

Cutting the Posterior Communicating Artery
The adequate exposure of the posterior aspect of the aneurysm to visualize the perforators arising from the P1
segment of the PCA may be enhanced by resecting the posterior communicating artery. This artery can be safely resected if coagulated and cut at the perforator-free zone,
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a

b
Fig. 16.16a,b (a) The exposure of the third nerve from the region of the brain stem to the level of the superior orbital fissure.
The established view shows the full advantage of the approach,
with the basilar trunk below the third nerve along the course of
the basilar artery. The branches of the superior cerebellar artery
are seen inferior to the third nerve. The aneurysm is hidden behind the posterior communicating artery. (b) Coagulating the

which is usually located at the junction of the posterior
communicating artery and the PCA (Fig. 16.16b). This step
is valuable for aneurysms that project posteriorly. This
step is also valuable in enlarging the surgical field at its
depth for patients in whom the posterior communicating
artery is short and acts as a tension band by bringing together the PCA and the internal carotid artery.
Coagulating and resecting the posterior communicating
artery in such cases enlarges the field by detaching and
mobilizing the internal carotid artery anteriorly (Fig. 16.17).
We have used this step in more than 35 patients with no
significant sequelae. But this step is taken only when necessary and only if the P1 segment is larger in diameter than
the posterior communicating artery.

Fig. 16.17 An unobstructed view of the whole basilar apex
after the posterior communicating artery is cut. The aneurysm is
fully visualized with a 360-degree view. An, aneurysm; BA, trunk
of the basilar artery; ICA, internal carotid artery; III, third nerve;
M1, middle cerebral artery; P1, posterior cerebral artery; SCA,
superior cerebellar artery.

posterior communicating artery at a perforator-free zone close to
its junction with the posterior cerebral artery. BA, basilar artery;
ICA, internal carotid artery; II, optic nerve; III, oculomotor nerve;
M1, M1 segment of the middle cerebral artery; P, thalamoperforators of the posterior communicating artery (PCom); P1, posterior cerebral artery; SCA, superior cerebellar artery.

Clipping
Once adequate exposure is achieved, a temporary clip is
applied to the basilar trunk in a perforator-free zone. The
microscope is then used to visualize the aneurysm’s neck
(Fig. 16.18). The aneurysm is now softer and more compressible, and the surgeon assesses the contralateral P1
segment of the left PCA and visualizes any perforators arising from this segment. The aneurysm is then dissected at
its posterior aspect to better visualize the perforators that
may be located in the neck region or sometimes attached
to the dome of the aneurysm. This exploration should take
1 or 2 minutes, after which the temporary clips are removed. It can be repeated several times to gain as much
information as possible about the location of the perfora-

Fig. 16.18 The clip application with full visualization of the clip
blades and the adjacent parent vessels. An unobstructed view
can be achieved for most basilar aneurysms with this approach.
An, aneurysm; BA, basilar artery; ICA, internal carotid artery; III,
oculomotor nerves; M1, middle cerebral artery.
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tors and to build a three-dimensional image in the neurosurgeon’s mind of the exact dimensions of the aneurysm. It
will also heighten the level of concentration of the different
members of the team involved in this process, which includes the scrub nurse and the anesthesiologist.
Once the picture becomes clear, the temporary clips are
applied to the basilar trunk, after which the first pilot clip
is applied to the neck of the aneurysm. This clip is immediately explored to verify its location before the temporary
clip is removed. This exploration may entail an attempt to
puncture and shrink the aneurysm or sometimes apply a
clip to the contralateral P1 segment of the PCA, once it is
better visualized, to further deflate the aneurysm and reposition the clip. During this time, intraoperative monitoring
of somatosensory evoked potentials, electroencephalography, and brainstem evoked responses is done continuously.
Any changes in the electrophysiological monitoring may
dictate a change in the plan, especially in relation to the
time of application of the temporary clips.
Next, the temporary clips are removed and further assessment is done to ensure adequate clipping of the neck
and to confirm that there are no perforators included in the
clips. Adjustments are made accordingly. In most patients,
we favor coagulating the aneurysm, which helps shrink the
sac significantly and at the same time seals any rupture
site. This step helps convert an acute rupture into a more
elective situation, and provides a more relaxed atmosphere
for the surgeon to better visualize the surrounding anatomy. With this step, the lesion is converted from a ruptured
large aneurysm to an unruptured small aneurysm. This
step allows better clipping of the aneurysm with no chance
of any residual and with the ability to fully visualize the
anatomy all around the neck.
If the aneurysm ruptures after the temporary clips have
been applied, suction can be used to remove blood and prevent flooding of the field. Occasionally, the surgeon may
need to immediately apply another clip to the contralateral
P1 segment. This is the reason we ensure adequate removal
of the posterior clinoid process to gain access to the contralateral P1 segment before attacking the aneurysm. If oozing
continues before bleeding is controlled, the surgeon should
not panic but should continue to visualize all the anatomy
before taking any steps. If the aneurysm is bleeding, the
brain is being perfused with adequate blood, which also
means that prolonging temporary occlusion does not have
a high risk of causing ischemia. The most common cause of
injury is hasty clip application in reaction to the bleeding
without proper visualization of where the clips are going.
Although many advocate the use of cerebral protection
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agents, we depend on neurophysiological monitoring for
guidance. We do not use cerebral protection agents because they create a false sense of security with the assumption that the brain is protected. We depend instead on the
efficient and safer steps in the clip application process. The
surgeon should build the plan assuming ignorance about
the extent of the collateral situation rather than on the
false assumption of knowledge, and thus exercise more
caution.
In the overall majority of patients, one temporary clip
applied to the basilar trunk is enough to gain adequate
hemodynamic control of the blood flowing to the aneurysm. Occasionally, and for a very short period of time, two
additional clips are applied to both P1 segments to further coagulate and shrink the aneurysm before the final
clip is applied. This procedure is done for no more than
2 minutes. Despite the presence of three clips, some flow
still emanates from the superior cerebellar artery collateral
system.
The main advantage of the transcavernous approach is
that all the maneuvers described above can be done with
full visualization of the anatomy in the interpeduncular
fossa. The usually larger temporary clip applied to the basilar trunk is never in the way when working in the neck region. If two small clips are applied to the PCAs, they remain
out of the way too.

Conclusion
The transcavernous approach demands the full dedication
of the cerebrovascular neurosurgeon to understand the
anatomic aspects of the skull-base region and to become
familiar with the different steps involved in the approach.
The mastery of such an approach demands frequent observation of other neurosurgeons who perform these procedures on a routine basis. The advantage gained is not only
in treating basilar aneurysms but in treating different pathological entities that involve the anterior upper third of the
posterior fossa region as well as the retrochiasmatic and
interpeduncular fossa space. To assume that endovascular
therapy should be used is the wrong approach because
there are not enough microsurgeons who can achieve superior outcomes in patients with such difficult aneurysms.
The correct approach should be to continue to aim at curing this problem and to achieve a more durable outcome
by encouraging more young neurosurgeons who are interested in the cerebrovascular field to dedicate their time to
developing the skills needed for such a result. There is no
doubt that our patients need it and deserve it.
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The Pretemporal Approach to Basilar Aneurysms
Feres Chaddad, José Maria de Campos Filho, and Evandro de Oliveira
Lesions that arise in the interpeduncular region, the superior aspect of the petroclival region, and the anterior segment of the tentorial incisura are very difficult to manage.45
The most common lesions found in this region are aneurysms at the distal third of the basilar artery and tumors
of the mesial aspect of the temporal lobe.
A great advance in the surgical treatment of basilar tip
aneurysms occurred during the 1970s, when Yasargil6,46
introduced the pterional approach and Drake12,47 introduced the subtemporal approach. Sano20 added his tem
poropolar approach in 1980. The pterional approach offers a
straight downward view of the anterolateral aspect of the
basilar bifurcation.48 The subtemporal approach offers a
lateral view of the interpeduncular fossa through retraction of the temporal lobe superiorly. The temporopolar approach consists of pulling back the temporal pole, thereby
creating an anterolateral view of the interpeduncular fossa.
The pretemporal approach, however, combines the advantages of these other approaches into one craniotomy.49–51

Operative Technique
For the pretemporal approach, the patient is positioned
supine with the head elevated above the heart to improve
venous return. The head is rotated approximately 20 degrees
contralaterally and extended approximately 30 degrees,
which brings the malar eminence to the highest point of
the operative field.
The skin incision starts at the anterior segment of the
tragus, extends above the ear, and curves toward the midline behind the hairline. Interfascial dissection is done to
preserve the frontal branch of the facial nerve. The temporalis muscle is detached from the entire zygomatic bone and
reflected over the horizontal portion of the zygomatic arch.
A frontotemporosphenoidal craniotomy is then done
with one to four bur holes, depending on the degree of adherence between the dura and the bone. The first bur hole
is made immediately below the most anterior limit of the
superior temporal line and close to the zygomatic process
of the frontal bone; this is the keyhole. The second bur hole
is made on the frontal bone, 2 cm medial to the first one
and above the superior orbital rim. The third hole is made
below the superior temporal line at least 4.5 cm posterior
to the first one. The fourth hole is made over the squamous
part of the temporal bone at the level of the root of the
zygomatic arch. The greater wing of the sphenoid and the
squamosal part of the temporal bone are drilled out to expose the entire pole of the temporal lobe anteriorly and
inferiorly. The orbital roof and the lesser sphenoid wing
are also drilled. A large amount of bone resection provides
better visualization of the anterior and inferior portions of

the temporal lobe and reduces the need for brain retraction
(Fig. 16.19).
The dura is opened with a curved incision from the
frontal region to the level of the dural impression made by
the sphenoid ridge. After that, the incision becomes straight
and proceeds anteriorly toward the orbitomeningeal artery.
To complete the exposure of the temporal lobe, another
incision is made laterally and posteriorly, following the
contours of the craniotomy.
Microsurgical techniques are used to access the interpeduncular cistern. The bridging veins draining the temporal
pole to the sphenoparietal sinus and the veins from the orbital surface of the frontal lobe to the sphenoparietal and
cavernous sinuses are sacrificed. The arachnoid that binds
the uncus to the oculomotor nerve and to the tentorial
edge is opened. To achieve good mobility of the temporal
lobe, the ambient cistern and the arachnoid are dissected.
After the cisternal opening, the temporal pole can be elevated superiorly and posteriorly to expose the interpeduncular region.

Clinical Case
A 45-year-old man arrived at the emergency room complaining of a sudden, mild headache. He had minimal nuchal
rigidity. The computed tomography scan showed a subarachnoid hemorrhage at the basal cisterns less than 1 mm
thick. Angiography of the cerebral vessels showed an aneurysm of the basilar tip. The patient was clinically well—
grade I on the Hunt and Hess scale and grade II on the
Fisher scale.
For such a patient, we have performed a pretemporal approach with microsurgical resolution of the aneurysm. It is
also feasible to use the pterional approach for this patient.

Fig. 16.19 In the pretemporal craniotomy, the greater and
lesser wings of the sphenoid, the squamosal part of the temporal
bone, and the orbital roof are drilled out.

16 Surgical Approaches to Basilar Tip Aneurysms  

Fig. 16.20 The pretemporal craniotomy exposes the transsylvian, temporopolar, and subtemporal approaches.

Discussion
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Fig. 16.21 The interpeduncular cistern can be accessed between the internal carotid artery and the optic nerve, between
the internal carotid artery and the third nerve, and by retracting
or opening the tentorium cerebelli lateral to the third nerve.

The interpeduncular cistern can be reached through three
different routes: between the internal carotid artery and
the optic nerve, between the internal carotid artery and the
third nerve, and by retracting or opening the tentorium
cerebelli lateral to the third nerve.52 The pterional approach
exposes the aneurysm through the space between the internal carotid artery and the optic nerve or between the
internal carotid artery and the third nerve. Both P1 segments of the PCAs can be seen, but unfortunately the perforators coming off the basilar tip behind the aneurysm
cannot be well defined.6,46 The temporopolar approach is a
pterional craniotomy with a more extensive exposure of
the temporal lobe. The temporal lobe is retracted posteri-

orly to expose the space between the third nerve and the
free edge of the tentorium.20
The subtemporal approach offers a good lateral view of
the basilar tip and the perforators, but the opposite P1 and
the opposite thalamoperforating arteries are poorly visualized, and retracting the temporal lobe can injure the vein of
Labbé.12,47 The pretemporal approach is based on the extended resection of the sphenoid and temporal bones, the
wide opening of the basal cisterns, and detachment from
the frontal lobe to the temporal lobe. It combines the multiple angles of view offered by the pterional and subtemporal approaches (Fig. 16.20). The interpeduncular cistern
can be reached through an anterolateral route and obliquely
from below (Figs. 16.21, 16.22, 16.23). Depending on the intraoperative need, the subtemporal route can also be used.

Fig. 16.22 The pretemporal approach allows a large exposure
of the basal cisterns and visualization of the carotid artery and its
bifurcation, the optic nerve, and the third nerve.

Fig. 16.23 The anterolateral route shows the interpeduncular
cistern through the space between the carotid artery and the
third nerve, exposing the basilar artery.
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Moderators
Surgical Approaches to Basilar Apex Aneurysms
Duke Samson and Christopher S. Eddleman
Aneurysms of the basilar apex continue to pose one of the
most difficult challenges to vascular neurosurgeons because of their deep, central location in the neuraxis and the
eloquent environment of other critical vascular and nervous structures. Advances in microsurgical techniques
have allowed greatly improved visualization of the basilar
apex, and studies of these techniques report better patient
outcomes. As more and more basilar apex aneurysms are
treated with endovascular strategies, however, fewer and
fewer are treated through microsurgical approaches. As a
result, there is a diminishing supply of experienced vascular surgeons available to undertake such potentially complex surgical endeavors.
When microsurgery is appropriate, several considera
tions must be taken into account when approaching these
vascular lesions. The two most important factors to consider are defining the lesion’s characteristics and determining the desired surrounding anatomic environment.
Together, these factors render a basilar apex aneurysm able
to be safely managed through a microsurgical approach.

Characteristics of the Aneurysm
Successful microsurgical management of basilar apex aneurysms depends in large measure on certain favorable
morphological characteristics (Fig. 16.24). The most obvi-

a

b

Fig. 16.24a–c The relationship of basilar apex aneurysms to the
surrounding bony and neural anatomy. (a) A basilar apex aneurysm at the level of the posterior clinoid process. Ghost projections of anterior and posterior projecting aneurysms are also
shown with respect to the posterior perforating arteries. (b) A
low-lying aneurysm with respect to the posterior clinoid process.

ous of these is a modest aneurysmal size. Large and giant
aneurysms (> 15 mm diameter) pose significant problems
in terms of obtaining proximal control and complete visualization of all afferent and efferent vessels. In addition,
these larger lesions tend to have expansive necks, which
frequently encompass one or both P1 origins, and often
contain intra-aneurysmal thrombosis as well as intramural
atheroma, all of which mandate aneurysm decompression
before definitive clip ligation. Although the techniques of
aneurysm decompression do not obviate the feasibility of
microsurgical treatment, their use does complicate the operative procedure and significantly increase the risk of surgical morbidity.
In addition, the projection of the aneurysmal dome
plays an important role in determining the ease and success of surgery. The most favorable projection of a basilar
apex aneurysm is anteriorly, which allows visualization of
the posterior projecting basilar perforating arteries critical
to the vascular supply of the mesencephalon with minimal
retraction of the aneurysmal sac. Basilar aneurysms that
project posteriorly pose a significant amount of difficulty,
especially when the surgeon uses more superior surgical
approaches because of the necessity of displacing the dome
anteriorly to visualize these vital perforators. It is an unpleasant fact of life that the degree of posterior angulation
of the fundus seen intraoperatively is almost always greater

c

The posterior perforating arteries are often in close association
with the aneurysmal dome. (c) A high-lying aneurysm with respect to the posterior clinoid process. BA, basilar artery; CNV, fifth
cranial nerve; PCA, posterior cerebral artery; SCA, superior cerebellar artery.
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Fig. 16.25 Vascular considerations with respect to the surgical
approaches to basilar apex aneurysms. 1, visualization of the perforating arteries, whether emanating from the basilar apex, posterior communicating, or P1 segments, is extremely important,
and sacrifice of these arteries is the primary contributor to postoperative morbidity. 2, the surgeon must establish whether the
aneurysmal neck incorporates the P1 origins. 3, the size of the
posterior communicating artery may determine whether it can be

sacrificed. 4, if the P1 segment is small and associated with a large
posterior communicating artery, it may be sacrificed. 5, the superior cerebellar arteries could emanate from the P1 segment, thus
obstructing the surgically important views. 6, acute angles of the
PCAs may obstruct the view of the basilar apex, perforators, or
contralateral vessels. BA, basilar artery; PCA, posterior cerebral
artery; PCom, posterior communicating artery; SCA, superior cerebellar artery.

than is appreciated on the lateral angiographic images.
Although it is rare, some basilar apex lesions can project
laterally, especially in the presence of a tortuous basilar
trunk, and these lesions should be approached from the
side opposite the projection, so that the dome of the aneurysm does not obstruct the surgical corridor.
Finally, although not directly related to the aneurysm’s
morphology, the anatomic position of the aneurysmal neck
as it relates to the posterior clinoid process has a significant
effect on the choice of surgical approach. When the neck is
at or superior to the posterior clinoid process, any of the
microsurgical approaches suffices for visualizing the basilar apex. It is when the neck is below the posterior clinoid
process that microsurgical approaches can be difficult, especially when the surgeon is not familiar or comfortable
with drilling the posterior clinoid process or approaching
the aneurysm from a more lateral position, for example,
pretemporal or subtemporal.

basilar trunk from between the origins of the posterior cerebral and superior cerebellar arteries. This dissection permits clip ligation of the aneurysmal neck through some
modification of Drake’s original “fenestrated clip.”
The PCAs themselves may also emanate from the apex
at extreme angles, for example, traveling along the dome of
the aneurysm and obscuring the view of the contralateral
vessels. This acute angle of the PCAs can be overcome with
a fenestrated clip around the vessel. The superior cerebellar arteries may also be problematic if emanating from
the PCA, obstructing the surgeon’s view of the basilar
apex. Obstruction of the posterior aspect of the basilar
apex, however, may lead to inadvertent injury of the posterior thalamoperforating arteries. Drake and Simon were
the first to notice that such injury is the overwhelming
source of morbidity and mortality in these patients. Therefore, it is imperative that, regardless of the surgical approach selected, the surgeon must visually confirm that
none of the small end arteries lie in the path of the posterior clip blade.

Surrounding Vascular Anatomy
Although the basilar apex aneurysm is the primary focus of
the microsurgical approach, one cannot completely evaluate which approach is best without first evaluating the surrounding vascular anatomy (Fig. 16.25). For example, very
short internal carotid arteries limit the pterional access
portal into the interpeduncular cistern. This restriction can
sometimes be overcome by elective sacrifice of a small posterior communicating artery. Other cases may require dissection of the posterior wall of the aneurysm and the distal

Surgical Principles
Microsurgical approaches to the basilar apex naturally require a thorough understanding of the aneurysm and the
surrounding anatomy. It is only when these characteristics
are known that one can then begin to consider the number
of microsurgical approaches mentioned here. But no microsurgical approach should be undertaken without considering the many basic surgical principles that influence
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these potentially complex procedures. We now discuss how
the four surgical approaches under consideration, in addition to the more classic subtemporal exposure, measure up
when evaluated according to these basic terms.

Minimal Brain Tissue Retraction
Even in the setting of a relaxed brain, the anatomic location
of the interpeduncular cistern necessitates the use of significant retraction of either one temporal lobe, one frontal
lobe, or, more commonly, both lobes to expose the basilar
apex. Focused resection of the temporal squama, zygoma,
orbital roof, anterior clinoid process, and, on occasion, the
posterior clinoid process, coupled with broad opening of
the sylvian fissure and basal cisterns, can minimize this necessity, just as any degree of cerebral edema increases it.
Although intraoperative measurements of the comparative
extent of brain retraction vary, we believe the pretemporal
approach probably routinely requires the least, followed in
order by the cranio-orbital zygomatic, the classic pterional,
the transcavernous, and the subtemporal exposures.

Access for Proximal Control
Without much question, the approach providing the ear
liest and most reliable access to the distal basilar artery at
the level of the superior cerebellar origins is the classical
subtemporal exposure pioneered by Drake and currently
championed by his disciple, Juha Hernesniemi. This route
of access is excellent regardless of the height of the basilar apex, its relationship to the clivus, or its laterality. The
pretemporal exposure developed by de Oliveira offers the
surgeon excellent exposure to a longer segment of the basilar artery, but at the cost of a much more extensive and
lengthy bone removal, whereas the transcavernous approach of Krisht provides a somewhat more anterior view
of the distal basilar artery than either of these two previous
exposures through a more restricted access corridor. The
cranio-orbital zygomatic exposure and its parent, the classic pterional approach, as detailed by Al-Mefty and Origitano and by Fox, offer the most limited exposure of the distal
basilar artery, although both can be modified within the
interpeduncular cistern to improve that access.

Visualization of the Distal Vasculature
As the surgical approach used becomes more lateral in its
origin, an unimpeded view of the arteries of the basilar
“quadrification” rapidly becomes more limited. Therefore,
the transcavernous exposure provides the best en face
exposure, with the cranio-orbital zygomatic and pterional
exposures running a close second. The pretemporal route
hampers the surgeon to some degree in visualizing the
contralateral superior cerebellar arteries and the PCAs; this
limitation remains one of the major drawbacks of the true
subtemporal approach and was one of the major incitements to the development of the transsylvian exposures.

Visualizing the Perforators
Drake’s remarkable experience with the subtemporal exposure, accumulated at the dawn of the microsurgical era,
is striking testimony to the unparalleled exposure of the
critical thalamoperforating arteries and the concomitant capability to spare these vessels at the time of clip placement
that this exposure offers. This view is almost replicated in
the pretemporal approach, whereas all three remaining operative corridors are more medially located and, as such,
offer at best an imperfect view of the dorsal aspect of the
basilar apex. This limitation mandates that surgeons using
these exposures be prepared to displace the aneurysm anteriorly to first dissect the perforating arteries from the aneurysm and then to maintain the aneurysmal neck in that
position during clip placement. Most surgeons achieve this
end by the use of temporary basilar occlusion during the
final stages of dissection and definitive clip placement.

Size of the Working Corridor
“Spacious” is not a term most surgeons associate with
technical procedures within the confines of the interpeduncular cistern. These exposures are all narrow, deep, and
restricted by important, fragile vascular and neural boundaries; they can be extended somewhat by mobilizing some
of the cistern’s contents, by focused bone resection at the
margins of the cistern, or by incisions into the cavernous
sinus, but even in the best of hands they remain quite limited. The two oldest approaches (the subtemporal and
pterional) are the most constrained, whereas we believe the
transcavernous, the pretemporal and the cranio-orbital zygomatic derivatives are at least potentially more capacious.

Conclusion
The patient presented here has a basilar apex aneurysm
with a wide neck involving the bilateral PCAs. The projection of the aneurysm is mostly superior and the level of the
apex appears to be at the level of the posterior clinoid process. All of these outstanding surgeons and authors certainly could deal with this aneurysm successfully using
their own preferred approach, and Drake would doubtlessly have had the intact patient awake in the recovery
room by 9:00 am, assuming a 7:00 am start. However, the
surgical judgment and extensive operative experience that
presage excellent results in the management of basilar
apex aneurysms is rapidly becoming a quality in short supply. Despite the advanced surgical approaches discussed
here, the “best” approach is always the one that offers the
patient the best possible results with the least associated
risk. Although elegant dissection techniques coupled with
ingenious bone resections may provide unprecedented
surgical views, the enhanced risk of potential morbidity
and the protracted recovery period associated with such
surgical tours de force should limit their performance to
the recognized masters among us.
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Chapter 17

Treatment of an Arteriovenous
Malformation in Eloquent Areas

Case
This 40-year-old otherwise healthy woman came to medical attention with recurrent episodes of numbness in her left hand. Digital subtraction angiography revealed a 1.5-cm right parietal arteriovenous
malformation fed by distal branches of the middle cerebral artery with superficial drainage into the superior sagittal sinus. A T1-weighted axial magnetic resonance image with contrast confirmed that this
lesion was within millimeters of, but posterior to, her primary somatosensory cortex.

Participants
Microsurgery for Small Arteriovenous Malformations: Bradley A. Gross and Rose Du
Gamma Knife Radiosurgery for Arteriovenous Malformations: Mark E. Linskey
Proton Beam Stereotactic Radiosurgery for Arteriovenous Malformations: Jay Loeffler and Pankaj K.
Agarwalla
Moderators: The Treatment of Arteriovenous Malformations in Eloquent Areas: Ramsey Ashour and
Jacques J. Morcos
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Microsurgery for Small Arteriovenous Malformations
Bradley A. Gross and Rose Du
Cerebral arteriovenous malformations (AVMs) are a considerable source of morbidity and mortality in neurosurgical patients, often as a consequence of hemorrhage but
also as a result of debilitating seizures and neurologic
deficits.1–4 Management options include observation, microsurgical resection, radiosurgery, embolization (often
adjunctive or palliative), or a combination of these approaches (Table 17.1).
Observation is a consideration for large AVMs in eloquent locations (high grade), particularly if they are asymp
tomatic or discovered in older patients. Small AVMs (less
than 3 cm), particularly if symptomatic or certainly if they
have previously hemorrhaged, are ubiquitously considered for intervention. Microsurgical resection is the timehonored therapeutic modality in the treatment of AVMs,
providing immediate and often definitive therapy. In reviewing the natural history, microsurgical, and radiosurgical
results for small AVMs, we show that microsurgery should
be considered first, unless the lesion is in a surgically inaccessible, eloquent location or the patient is medically unfit
for surgery.

Natural History
Although most patients with AVMs come to attention because of hemorrhage, 20% present with seizures, with an
annual development rate of de novo seizures of 1%.1 Factors associated with a greater risk of epileptogenesis from
AVMs include younger age, a cortical or temporal location
(or both), and a larger size. Approximately 7 to 10% of patients with AVMs present with nonhemorrhagic focal neurologic deficits, in some cases attributable to local steal
phenomena.1–4
Reviewing both modern and older natural history studies reveals a consistent overall annual hemorrhage rate of
2 to 4% for AVMs.1–4 More recent reports have consistently
shown an increased risk of hemorrhage among patients
with a prior hemorrhage, with overall annual re-bleed rates
of 3 to 7%.2–4 Early re-bleed rates in the first year range

from 6% to as high as 15% in some studies.3 Associated aneurysms, deep venous drainage, and a deep location were
often associated with further elevated hemorrhage risks,
independent of hemorrhagic presentation.2–4 Although a
small AVM size is not consistently noted among these studies, it has also been proposed as a risk factor for hemorrhage, potentially as a result of increased feeding artery
pressures.5
Given the risk of rehemorrhage, we recommend treatment of all small AVMs that have bled. To potentially mitigate and prevent the progression of seizures or focal
neurologic deficits, we also recommend the treatment
of symptomatic small AVMs. Unruptured, asymptomatic
small AVMs should also be treated given the lifetime risk of
hemorrhage and the development of focal deficits or seizures, particularly in younger patients.

Microsurgery
Microsurgical resection of AVMs is the time-honored treatment modality that affords an immediate cure in the vast
majority of patients. The associated risk is up-front, with
outcomes generally improving as follow-up time accumulates. The Spetzler–Martin grading scale, used to predict
surgical risk, underscores the importance of size as a factor influencing the difficulty of resection.6 In essence, any
small AVM would be deemed operable by this scheme
given that all AVMs of less than 3 cm would receive a grade
of I to III. Nevertheless, an AVM in an eloquent locale such
as the motor cortex, internal capsule, or brainstem, without a corridor of access, regardless of size, may be deemed
inoperable. In addition to anatomic corridors of access, a
hematoma may provide access to an eloquent AVM and
even facilitate dissection by separating the nidus from the
brain. Thus, in addition to factors such as eloquence and
deep venous drainage evaluated by the Spetzler–Martin
scale, the AVM rupture status and the patient’s neurologic
status should be considered. Although both may redefine
the significance of an AVM in an eloquent locale, a prior

Table 17.1 Management Options and Factors Favoring Each Approach
Microsurgery With and Without
Adjunctive Embolization

Radiosurgery

Observation

Age

Younger

Older

Older

Presentation

Previous hemorrhage
Neurologic deficit
Seizures

Asymptomatic

Asymptomatic

Angiography architecture

Associated aneurysm

Compact nidus

Size or Spetzler–Martin grade

Small or low grade more favorable

Small

High grade

Location

Non-eloquent

Eloquent

Eloquent
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Table 17.2 Surgical Series of Small Arteriovenous Malformations (AVMs)
Series
Sisti et al (1993)8

Patients

Obliteration

Permanent
Morbidity

Mortality

67

63/67 (94%)

1/67 (1%)

0/67

(1996)9

71

67/71 (94%)

0/71

1/71 (1%)b

Schaller and Schramm (1997)10

62

61/62 (98%)

2/62 (3%)

0/62

Johnston and

Johnstona

19

19/19 (100%)

0/19

0/19

Pik and Morgan (2000)12

110

109/110 (99%)

3/110 (3%)

0/110

(2003)13

35

35/35 (100%)

0/35

1/35 (3%)d

Pikus et al
Lawtonc
aAll

AVMs in this series were deep.

bThe
cAll

(1998)11

one mortality in this series was from pulmonary complications.

AVMs in this series were grade III—eloquent and with deep venous drainage.

dThe

one mortality in this series was from seemingly unrelated fulminant liver failure.

hemorrhage also indicates surgical intervention given the
greater risk of rehemorrhage, particularly in the first year
after rupture. On the other hand, an AVM with a significant
perforator supply, a diffuse nidus, or both may be particularly more challenging from a surgical vantage point, in
spite of the fact that these factors are not included in the
Spetzler–Martin grading scale.7
Reviewing results from surgical series of small AVMs,
we see exceedingly high obliteration rates (94–100%)
with very limited surgical morbidity and mortality (0–3%)
(Table 17.2).8–13 Lawton’s13 series reflects results from 35
grade III AVMs with only one death that was attributed to
fulminant liver failure. In this series, Lawton illustrates that
small grade III AVMs present the lowest surgical risk compared with moderate-sized (3–6 cm) AVMs with deep venous drainage or in an eloquent location. These exceptional
results reinforce the fact that any small AVM, particularly if
ruptured, should always be considered for microsurgical
treatment first.

Radiosurgery
Although small AVM size is associated with greater rates of
AVM obliteration,14 the exceptional surgical results we illustrate in Table 17.2 reinforce the fact that radiosurgery
remains a secondary option for small AVMs, reserved for
those deemed to be of high operative risk. This category
essentially includes patients with small AVMs in eloquent
locales without a reasonable corridor of surgical access.
In a group of 81 small AVMs treated with radiosurgery,
the obliteration rate was 90%; however, nine patients (11%)
suffered from AVM rupture after stereotactic radiosurgery
(SRS), resulting in three deaths.15 Five patients also suffered adverse radiation effects (6%). Although most SRS series do not stratify results according to the size of the AVM,
the University of Pittsburgh group recently published its
experience with SRS of 217 grade I or grade II AVMs (primarily small AVMs).16 The overall obliteration rate was 58%
at 3 years, 87% at 4 years, and 93% at 10 years. However the
actual angiographically confirmed obliteration rates were

41% at 3 years, 66% at 4 years, and 83% at 10 years. Five patients (2%) suffered from transient radiation effects, two
(1%) developed delayed cysts, and 13 (6%) suffered from
hemorrhage after SRS. Six patients (3%) died of hemorrhage during the latency period.
These results compare unfavorably to those for surgery
of small AVMs. An evaluation of radiosurgical results is
further limited by the methods used to report obliteration
and the fact that complications accrue with time. The
importance of confirming the obliteration of AVMs after
microsurgery leads to consistent reporting of formal, angiographically confirmed obliteration rates. On the other
hand, many radiosurgical reports inflate obliteration rates
by using magnetic resonance imaging (MRI) in lieu of formal angiography to confirm obliteration. In fact, even patients with complete angiographic obliteration after SRS
have been known to have delayed rebleeding.17
In addition to delayed hemorrhage and adverse radiation effects after SRS, delayed cyst formation, arteriopathy,
and even de novo pseudoaneurysm development may occur
(Fig. 17.1).15–18 Debilitating radiation necrosis may even
require surgical resection.19 These events occur at overall
rates proportional to the actual follow-up time. Unlike
after successful microsurgical obliteration of AVMs, rupture after SRS is a cause of morbidity and mortality.15–18
Given the greater risk of re-rupture from ruptured
AVMs, these AVMs should be managed through surgery
unless they are embedded in eloquent tissue without any
reasonably safe surgical corridor (e.g., the brainstem). Furthermore, associated aneurysms should be treated expeditiously and taken into account when considering SRS. In
the report from the University of Pittsburgh team, the rate
of bleeding of an AVM with an associated aneurysm after
SRS was 28% at 5 years.16
Germane to the case at hand, seizure outcomes are generally better after surgery for AVMs as compared with SRS.
In one study of 110 patients with epileptogenic AVMs, 81%
of those undergoing surgery were free of disabling seizures
at follow-up as opposed to only 43% of patients undergoing
radiosurgery.20 Furthermore, from a lifestyle perspective,
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a

b
Fig. 17.1a,b (a) A 53-year-old man with seizures underwent radiosurgical treatment of a 2.5-cm temporal arteriovenous malformation (AVM). Although the lesion was obliterated, this digital
subtraction angiogram at 2.5 years’ follow-up shows de novo

stenosis of a former middle cerebral feeding artery (arrow). (b) A
50-year-old man returned 14 years after radiosurgery for his callosal AVM with a devastating rupture of one of two de novo pericallosal pseudoaneurysms (arrows).

the ability to achieve an expedient cure of the AVM through
microsurgery allows for the swifter alleviation of potentially debilitating seizures.

low-up, morbidity and mortality from hemorrhage will accumulate and eventually outweigh the risks of surgery as
early postoperative deficits improve. Unfortunately, ample
follow-up will require years, and we hope the study does
not conclude early because of the expected better early
outcomes in the observed cohort.
The same concept applies to radiosurgery. As with observation, complications from radiosurgery accrue with
time. The patient faces a cumulative, continued risk of
hemorrhage, radiation necrosis, delayed cyst formation, and
even arteriopathic complications with time (Fig. 17.1).15–18
These complications are at the expense of a chance, rather
than a guarantee, of obliteration. Although significantly
greater obliteration rates after microsurgery as compared
with radiosurgery are not a subject of debate, we strongly
believe that the cumulative side effects of radiosurgery
clearly outweigh the up-front risks of microsurgery for
small AVMs, as long as they are surgically accessible.

Case Discussion
Planning a strategy for AVMs requires a systematic approach that first evaluates their natural history followed
by the potential treatment options and their attendant
risks and benefits. The malignant natural history of ruptured AVMs warrants treatment. We strongly believe that
surgery should be used to avoid the risk of hemorrhage in
the latency period. Although unruptured AVMs have a
relatively more benign natural history, they continue to
present a risk of hemorrhage as well as morbidity from
potential neurologic deficits or seizures. We believe that
symptomatic small AVMs should be treated with micro
surgery, given the attendant risk of hemorrhage and continued or even worsening morbidity. Surgical results are
clearly superior to those of radiosurgery for small AVMs,
except for lesions embedded in eloquent cortex without
safe surgical access.
The ARUBA study (A Randomized Trial of Unruptured
Brain AVMs) is a prospectively designed trial aimed at comparing observation with outcomes after surgery for unruptured AVMs.21 The early pilot paper will likely show worse
outcomes in the surgical group given the up-front, early
risks that this cohort must undertake. With sufficient fol-

Conclusion
We would offer microsurgery to the patient in this chapter’s case presentation. Given her young age and her symptoms, microsurgery provides a definitive means of early
cure, potentially alleviating her symptoms and eliminating
her lifetime risk of hemorrhage. Radiosurgery would provide a lower chance of cure at the expense of a latency
period of hemorrhage and delayed adverse radiation events.
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Gamma Knife Radiosurgery for Arteriovenous Malformations
Mark E. Linskey
This case represents a technical challenge for any treatment approach as well as an excellent platform for philosophical discussion. At less than 3 cm in size (< 1.5 cm
in size with 1.75 cm3 in volume), with superficial venous
drainage, and a location in a primary sensory strip, this
lesion represents a Spetzler–Martin grade II AVM.6 The
patient’s history suggests the possibility of simple partial
sensory seizures for the mode of presentation. Neither the
history nor MRI suggests any recent hemorrhage, which
might potentially increase the short-term risk of AVM
hemorrhage.4,22 The images provided are limited, but there
does not appear to be evidence of restricted venous outflow, an intranidal aneurysm, a draining varix, or a feeding
artery aneurysm. The presence of any of these factors might
be expected to increase the chances of the annual risk of
rupture.23–27
According to actuarial data from the United States Social
Security Administration in 2007, at age 40, this patient has
a median life expectancy of an additional 44 years.28 With
an annual hemorrhage rate for unruptured AVMs of 1 to
2.2% per year,29–31 this information translates into a generous lifetime risk estimate of AVM hemorrhage of 55%.32
Given a general per-hemorrhage mortality risk of 10%,
with another 10% risk of permanent major neurologic morbidity,33 expectant observation with an acceptance of the
consequences of the natural history, in our opinion, would
not be a prudent recommendation.
Several validating microsurgical studies of the Spetzler–
Martin grading system suggest a 36% chance of any deficit,
a 0 to 6% chance of a permanent disabling deficit, and a less
than 1% mortality rate for microsurgical resection of this
lesion in very experienced cerebrovascular microsurgical
hands.6,34–36 There is evidence, however, that not all “eloquent” locations are equally eloquent when it comes to
assessing the treatment risk. Precentral involvement is
particularly susceptible to a permanent new deficit.37 Although this AVM is immediately postcentral in location,
its draining vein is the vein of Trolard, which provides the
dominant venous drainage for the precentral gyrus and
primary motor strip. Any interruption in this drainage runs
some risk of venous infarction of the primary motor strip.
The lesion appears to have a single arterial feeder to
a tight compact nidus, which potentially increases the
chance of endovascular cure with complete and permanent
obliteration of the nidus.38–41 However, periprocedural
risks remain heavily weighted toward primary motor strip
morbidity from either the arterial or venous side, which
would portend a potentially significant permanent neurologic deficit. Indeed, at present, curative embolization of
AVMs remains somewhat problematic, with utility better
proven for preparatory microsurgery or SRS.
Stereotactic radiosurgery is very feasible for this small

AVM. Radiosurgery obliteration rates are dose-threshold
dependent, with a predictive obliteration rate of more than
80% if 20 Gy or more can be delivered to the nidus margin.42 This small AVM could certainly tolerate 20 Gy to the
margin from a dose-volume toxicity standpoint.42,43 Indeed, the predictive obliteration rate at 3 to 5 years is 90%.16
The main risks of SRS are AVM hemorrhage during the latency period of 3 to 5 years and temporary, symptomatic,
adverse radiation effects. The risk of hemorrhage during
latency is 9%32 (translating into a 0.9% mortality risk and an
additional 0.9% risk of permanent neurologic morbidity33)
over 5 years, plus those associated with a 10% risk of nonobliteration. The adverse radiation effects comprise a 20%
risk of MRI-detectable signal change on the T2-weighted
fluid-attenuated inversion recovery (FLAIR) images at 3 to
9 months after radiosurgery, of which less than 10% would
be temporarily symptomatic. Assuming a 12-Gy volume of
less than 5 cm3, the chance of a new, permanent neurologic
deficit can be predicted to be less than 1 to 2%.43
With all these considerations in mind, we recognize that
microsurgical excision, an attempt at curative embolization, and SRS are all reasonable options for treatment based
on the individual patient’s view of the relative advantages
and disadvantages and the patient’s life goals and priorities.
We would likely advise SRS as the preferred and recommended approach.
Stereotactic radiosurgery has been defined by the American Association of Neurological Surgeons, the Congress of
Neurological Surgeons, and the American Society for Therapeutic Radiology and Oncology as typically “performed in
a single session using a rigidly attached stereotactic guiding device, other immobilization technology and/or a stereotactic image guidance system, but can be performed in
a limited number of sessions, up to a maximum of five.”44
For AVMs, SRS is optimally done in a single session. There
are no good data to suggest multisession radiosurgery or
fractionated radiotherapy to treat AVMs. Single-session radiosurgery can be done with any one of several different
technologies:
•
•
•
•
•
•

The gamma knife (Elekta AB, Stockholm, Sweden)
The CyberKnife (Accuray, Inc., Sunnyvale, CA)
The Novalis system (BrainLAB AG, Feldkirchen, Germany)
The Varian Trilogy system (Varian Medical Systems, Inc.,
Palo Alto, CA)
The X-knife (Integra Life Sciences, Radionics Division,
Plainsboro, NJ)
Charged particle devices (protons, helium, and carbon)

The gamma knife is a cobalt 60 (60Co)-based system. The
CyberKnife, the Novalis and Varian Trilogy systems, and the
X-knife are linear accelerator-based, and charged particle
systems require a cyclotron. As long as a minimum dose
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threshold is achieved, all SRS modalities have similar results. Certainly, gamma knife SRS has the largest portfolio
of published evidence to support its use. Of the 1,145 articles documenting the use of radiosurgery for AVMs published in English and listed in the National Library of
Medicine Medline database as of February 2012, 70.2%
report the results of gamma knife SRS. Linear accelerator
results account for 23.1% of publications (only 1.75% of
publications involve the CyberKnife), whereas reports of the
results of charged particle units account for 6.6% of peer-
reviewed publications.
In our center, we prefer the Leksell Perfexion Gamma
Unit (Elkta AB, Stockholm, Sweden) for SRS. In this chapter’s presented case, we would use both catheter angiography and stereotactic MRI studies for targeting to eliminate

veins from the target volume as well as optimize and limit
the three-dimensional nidus definition. By limiting the
nidus volume definition, we would minimize potential
treatment morbidity from adverse radiation effects as
well as maximize our safe minimal dose prescription.
Multi-isocenter planning is the cornerstone for achieving
three-dimensional conformality when treatment planning
with gamma units. For this patient, we would anticipate
a 90% chance of AVM obliteration 3 to 5 years after radiosurgery using our treatment strategy, with a 0.9% mortality
risk and an additional 0.9% risk of permanent neurologic
morbidity from hemorrhage during the latency interval.
We would also expect a less than 1 to 2% risk of permanent neurologic morbidity related to the radiosurgery
treatment.

Proton Beam Stereotactic Radiosurgery for
Arteriovenous Malformations
Jay Loeffler and Pankaj K. Agarwalla

Procedure
Before discussing the specifics of this case, it would be
useful to review how our institution, the Massachusetts
General Hospital, carries out SRS using a proton beam.
As described previously, patients first undergo insertion
of three 1/16-inch surgical-grade stainless steel fiducial
markers into the surface of the skull under local anesthesia.45 During the same visit, custom dental fixation is made
for a modified, relocatable Gill–Thomas–Cosman frame, and
computed tomography (CT) scans are obtained and merged
with previous images from MRI, CT angiography, or both,
for radiosurgical planning for patients with an AVM. The
target and nidus volumes are measured on the merged images, and custom-built brass apertures and range compensators are constructed. At the time of treatment, the patient
wears the Gill–Thomas–Cosman frame and is placed into a
calibrated robotic chair designed to move the patient and
target into position for the immobile proton beam, which
has the appropriate custom apertures and compensators
for each convergent beam delivery. To calibrate this system,
plain skull films are used to align the fiducial markers and
match the preoperative imaging exactly (Fig. 17.2).
For proton-beam SRS, treatments are done in one to
two fractions with energy-degraded 160-MeV or 230-MeV
beams at approximately 16 Gy (relative biological effectiveness) prescribed to a 90% isodose (Fig. 17.3). For further
history and details, see Bussière and colleagues46 and
Grusell and associates.47 Although the details of the actual
procedure for proton-beam SRS vary, the basic concepts of

preoperative image planning and stereotactic localization
and calibration at the time of treatment remain the same
across institutions.
Although we are emphasizing proton-beam radiotherapy of AVMs in this discussion, it should be noted that
much research on radiosurgery for AVMs has also been
done with photons or other particles such as light ions.
Hence, the studies cited here reflect a combined experience of SRS using protons, photons, or both. From an historical perspective, however, it is interesting to note that
AVMs were one of the first neurosurgical conditions treated
with proton-beam radiosurgery.48–50

Natural History
At present, there is some debate regarding the necessity of
treating AVMs, particularly to prevent the morbidity and
mortality associated with them, including seizures, hemorrhage, and neurologic deficits.51 A thorough review of the
natural history of AVMs is beyond the scope of this discussion, but current data suggest that previously unruptured
AVMs have an annual hemorrhage rate ranging from 0.9
to 8%, according to one study,3 with similar findings from
other research.2,52–55 Furthermore, several factors increase
the baseline risk of hemorrhage, including a deep location,
deep venous drainage, associated aneurysms, and previous
hemorrhage.2,27,30,54,55
Although current research suggests that this patient’s
AVM has a lower annual risk of hemorrhage given her age,
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Fig. 17.2a,b Plain skull films with fiducials marked as RA (right
anterior), LA (left anterior), and LL (left lateral) in a patient with a
midbrain AVM (circled). The patient is moved into position in a

calibrated robotic chair to align the fiducial markers on these films
with the predetermined plan. (a) Lateral view. (b) Oblique anterior view. (Courtesy of Marc Bussière.)

the AVM location, and its superficial drainage, we would
still recommend treating this lesion, particularly because
the patient is symptomatic with seizures and has a significant cumulative lifetime risk of hemorrhage.32

crosurgery is still being studied and the data are sparse,
we shall defer further discussion at this time.56 In terms of
surgery, several factors must be considered before offering
surgical treatment. First and foremost, the goal of surgery
is to improve the patient’s outcome, either by preventing
future complications such as hemorrhage, seizure, and
neurologic deficits, or by addressing current clinical
symptoms. One study in children showed a 4% recurrence
rate of AVMs after surgical obliteration.57 The consensus
based on available data suggests that, in the proper hands
of an experienced surgeon, obliteration rates can be very
high, particularly for “low-risk” AVMs.53,58 In terms of sei-

Treatment Options and the Case
for Microsurgery
The options for treatment include microsurgical obliteration, endovascular occlusion, and radiosurgery. Because the
role of endovascular therapy as a primary treatment modality versus adjunctive therapy to radiosurgery and mi-

a

b

c

d
Fig. 17.3a–d Axial (a), coronal (b), and sagittal (c) computed
tomography (CT) images in a patient with a small right parietal
AVM similar to that in the chapter’s presented case. This patient

was treated with 15 Gy (relative biological effectiveness) normalized to an 87% isodose line. (d) The legend for isodose values.
(Courtesy of Marc Bussière.)
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zure outcomes, our work at the Massachusetts General
Hospital has shown surgery to be effective in obtaining
Engel class I outcomes, although complete obliteration was
more important than any specific treatment modality in
predicting seizure outcome.20
For neurologic outcomes, however, the situation is
more challenging because surgery can address baseline
neurologic deficits but also has a significant risk of causing
neurologic deficits. Therefore, any discussion of efficacy
and outcomes necessitates a discussion of surgical risk. In
1986, Spetzler and Martin6 published a landmark paper
that risk-stratified AVMs according to size, location, and venous drainage. A Chinese group led by Shi and Chen also
published a similar AVM grading schema in the same journal, but Spetzler and Martin’s scale has withstood the test
of time as the basic method of communicating surgical risk
associated with AVMs.59,60 The current patient’s AVM would
be considered Spetzler–Martin grade II (SM-II) given its size
of 1.5 cm, superficial venous drainage, and adjacency to eloquent sensorimotor cortex. According to their original
paper, this ranking would confer a 95% chance of no deficit
after surgical resection, with the remaining 5% for a minor
deficit.6 In addition to the SM grade, factors that increase
the surgical risk include the patient’s age, a diffuse nidus
morphology, and a deep perforating arterial supply.7,61,62
Since the original paper by Spetzler and Martin, further
studies have emphasized that surgical risk from retrospective analysis of single-surgeon/single-institution case series might reflect a selection bias.63 In fact, the surgical risk
of 5% quoted for SM-II lesions might actually be as high as
9.5% in one study, based on the modified Rankin Scale as
a more sensitive measure of outcome.63 In one series by
Hartmann and associates,64 surgery for SM-II AVMs resulted in 36% of patients suffering from any type of neurologic deficit postoperatively. A series by Pik and Morgan12
reflects excellent outcomes for patients with low-grade
AVMs but also suffers from an acknowledged selection bias.
Lawton and his group61 have developed a supplementary
scale to the Spetzler–Martin schema, which incorporates
a ruptured presentation, the patient’s age, and diffuseness
of the nidus. Based on the Lawton scale, the surgical risk
for our patient, given her age of 40 years, the lesion’s unruptured presentation, and a presumed nondiffuse nidus,
would be a 9.1% worse outcome as measured with the
modified Rankin Scale score.61 Risks of surgery are significant, even with low-grade lesions in eloquent areas, and
the approach can require additional surgical techniques
such as language and motor mapping and stereotaxy.65,66
The purpose of this discussion is not to show that surgical obliteration is the “wrong” option, but rather to emphasize why radiosurgery is an appropriate first step for
treating this patient. Radiosurgery can offer high rates of
obliteration with low morbidity, and the immediate procedural risk and cost of microsurgery are much higher than
radiosurgery. Those arguing against radiosurgery point to
several complications: failure to obliterate lesions, hemorrhage during the latency period, and neurologic deficits

from the effects of radiation. Although these risks are real,
an appropriate understanding of how to choose patients for
radiosurgery is critical and is discussed below.

Radiosurgery
Grading Scales
To frame the efficacy of radiosurgery as well as the risks,
it is useful to review a new grading scale for radiosurgery
developed by Pollock and Flickinger67,68 to emphasize the
important factors that affect obliteration rates as well as
neurologic deficits after radiosurgery. In their modified and
updated scale, an AVM score is assigned according to the
following equation:
AVM Score = (0.1) (volume, mL) + (0.02) (age, years) +
(0.5) (location: hemispheric, corpus callosum, cerebellar
= 0; basal ganglia, thalamus, brainstem = 1)

With a mean follow-up of 70 months (range 3 to 200
months), patients with AVM scores of less than 1 had an
89% obliteration rate without new deficits. For those with a
score of 1 to 1.5, the rate was similar (70%).66 Higher scores,
as expected, had lower obliteration rates. According to
one study, factors that are associated with better outcomes
(obliteration and limitation of any new neurologic deficit)
include a smaller AVM volume, several draining veins, a
younger age, and the location in the hemisphere.69 In the
same study, AVMs smaller than 4 cm3 had a nidus obliteration rate of 83%.69 Obliteration rates ranging from 60 to
80% have been reported in similar studies, particularly for
smaller AVMs (Table 17.3).16,70–83
Other groups have postulated relatively straightforward
radiosurgery grading scales, such as that by Milker-Zabel
and associates.84 Their research independently shows that
obliteration is related to the patient’s age at treatment, the
nidus volume, the maximum diameter, and the applied
dose. Andrade-Souza and colleagues85 randomly selected
patients from their experience with linear accelerator radiosurgery for AVMs and found that, of those with a Pollock–
Flickinger AVM score of less than 1, 91.7% had excellent
outcomes, which were defined as complete obliteration
and no neurologic deficit. The Pollock–Flickinger score has
been further validated in other studies as well.14,84–89 The
AVM score developed by Pollock and Flickinger is a useful
new tool to select patients and at present appears to be the
new standard in discussing AVM radiosurgery.

Outcomes and Adverse Radiation Effects
In terms of neurologic and functional outcomes, Pollock
and Brown90 have shown that the modified Rankin Scale
is an appropriate and sensitive measure of outcome after
radiosurgery for AVMs. The modified Rankin Scale score
has also been used as the outcome measure for micro
surgery, making it an excellent standard for comparing
outcomes among different modalities of treatment for
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Table 17.3 Obliteration Rates from Selected Studies Emphasizing Small Superficial AVMs
Author

Year

Radiation

Follow-Up

Obliteration Rate

Kjellberg et al49

1983

Proton

2 years

20% complete obliteration, 56% had greater than 50%
obliteration of variable AVMs

Steinberg et al48

1990

Helium-ion

3 years

100% obliteration for AVM < 4 cm3, 95% for AVM
4–25 cm3, and 70% for AVM > 25 cm3

Steiner et al70

1992

Gamma knife

Unknown

81% complete obliteration for variable AVMs

Seifert et al71

1994

Proton

2 years

58.8% complete obliteration and 41.2% no change for
AVM < 3 cm diameter; remaining AVM in series had
no change

Pollock et al69

1998

Gamma knife

2 years

83% complete obliteration for AVM < 4 cm3

Miyawaki et al72

1999

LINAC

3 years

67% obliteration for AVM < 4 cm3, 58% for AVM
4–13.9 cm3, and 22% for AVM ≥ 14 cm3

Hadjipanayis et al73

2001

Gamma knife

Median 3 years

87% obliteration for AVM < 3 cm3, 64% for AVM
3–10 cm3, and 25% for AVM > 10 cm3

Inoue and Ohye74

2002

Gamma knife

At least 1 year

92% obliteration for AVM < 4 cm3, 77.8% for AVM
4–10 cm3, and 36.4% for AVM > 10 cm3

Pollock et al75

2003

Gamma knife

At least 2 years

73% complete obliteration for variable AVMs

2003

LINAC

3 years

87.9% obliteration for AVM < 1 cm3, 62.0% for AVM
1–4 cm3, 38.6% for AVM 4–10 cm3, and 12.2% for
AVM > 10 cm3

Silander et al77

2004

Proton

3 years

70% complete to near-complete obliteration for AVM
< 10 cm3

Shin et al78

2004

Gamma knife

5 years

81.7–88.1% complete obliteration depending on
neuroimaging criteria for variable AVMs

Vernimmen et al79

2005

Proton (2–3
fractions)

At least 4 years

67% obliteration for AVM < 14 cm3 and 43%
obliteration for AVM ≥ 14 cm3

Liscák et al80

2007

Gamma knife

Median 2 years

92% obliteration rate for variable AVMs

2009

CyberKnife

3 years

81.2% obliteration rate for variable AVMs

2011

LINAC

5 years

82.4% obliteration for AVMs < 3 cm diameter

2011

Gamma knife
and LINAC

Median 3.5 years

64% obliteration for variable AVMs

2012

Gamma knife

4 years

87% obliteration for SM-I and SM-II AVMs

Friedman et

Colombo et

al76

al81

Flores et al82
Sun et

al83

Kano et al16

Abbreviations: LINAC, linear accelerator; SM, Spetzler–Martin grade.

AVMs, although further adoption of this measure is nec
essary.61–63 Outcomes have also been measured in terms
of obliteration and neurologic deficit, with an excellent
outcome defined as complete obliteration and no neurologic deficit.68 In one study, 11% of patients reported new
or worsened neurologic symptoms,83 but in a similar
study 95% of patients remained neurologically stable or
improved.91
In a series examining radiosurgery on a majority of patients with AVMs who had undergone previous treatment,
88% did not have neurologic decline after radiosurgery, but
there was a significant association between the size of the
AVM and deficits after radiosurgery.89 Neurologic deficit
after radiosurgery appears to be most related to the AVM
volume and remains low across studies, particularly in
subgroup analyses of smaller volume AVMs, a low Pollock–
Flickinger AVM score, or both.14,53,68,80,87 In terms of seizure

outcome specifically, Yang and associates92 have shown
improvement after radiosurgery, particularly in those patients with documented obliteration of the AVM, a fact that
is relevant to this patient and her presenting symptoms of
seizure.
Outside of neurologic complications, radiation itself
can have an adverse effect on brain tissue, even without
clinical manifestations. This effect can be seen as changes
on MRI. Adverse radiation effects occur from occlusive
hyperemia93 or radiation damage itself to adjacent structures. Ganz and associates94 showed that, for AVMs, there
was a significant relationship between target volume and
adverse radiation effects as measured by signal change on
T2-weighted MRI. Hayhurst and coworkers95 found that
target volume greater than 4 cm3 and a lack of prior hemorrhage were predictors of adverse radiation effects in
their series. In the series by Kano and colleagues16 exam-
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ining SM-I and SM-II AVMs, 2.3% of patients developed
temporary symptomatic adverse radiation effects, with 1%
developing permanent delayed cysts. After repeated radiosurgery, 4.9% of patients in the study of variable AVMs by
Stahl and associates96 experienced adverse radiation effects. Our own group showed that, with proton-beam SRS
specifically, the treatment dose and volumes were significant risk factors for radiation injury.97 Although the risk of
radiation injury is not insignificant, it is low, particularly
for small, conformal radiation fields.76,79,82 Should injury
occur, however, surgical resection of any residual AVM and
radiation injury can improve the clinical outcome.19

Hemorrhage
One of the major concerns and risks is hemorrhage during
the latency period after radiosurgery but before complete
obliteration of the lesion. Radiosurgery obliterates AVMs
through progressive endothelial proliferation and occlusion of the AVM nidus over the course of years.98–100 In a
study by Parkhutik and colleagues,98 AVMs that were not
hemorrhagic at the time of presentation had a hemorrhage
rate of 1.4% annually for the first 3 years followed by a 0.3%
annual hemorrhage rate thereafter. The mean obliteration
time was 37 months, which is consistent with a higher
hemorrhage rate for the first 3 years when the majority of
AVMs have not been completely obliterated. In their study
looking only at SM-I and SM-II AVMs, Kano and coauthors16
reported a 3.7% annual hemorrhage rate the first year after
radiosurgery and a 0.3% annual hemorrhage rate for postoperative years 1 through 5. As expected, factors that lead
to higher baseline AVM hemorrhage rates, such as an associated aneurysm, were found by these authors to lead to
higher post-radiosurgery hemorrhage rates.16 Similar rates
were found by others.80,83,101,102

Decision Making
Turning to this chapter’s case presentation and the treatment decision, there are several factors to consider. Based
on modern risk assessment, the patient’s surgical risk is as
high as 9% for decline in the modified Rankin Scale score, a
sensitive outcome measure. Although surgery would likely
obliterate the lesion immediately and decrease her seizures,
it would also likely leave a deficit. If we calculate the modified radiosurgery AVM score (the Pollock–Flickinger score)
for the patient, however, we find that it is 0.98 if we assume
the volume of the AVM to be approximated to that of a
sphere with a 1.5-cm diameter. Her modified AVM score
would be less than 1 and she would have a 90% chance of
obliteration with no risk of decline in the modified Rankin
Scale score.68 Finally, if the AVM is not obliterated after
the initial attempt at radiosurgery, it is safe to attempt a
repeated treatment. Kano and associates16 showed that
repeated radiosurgery is effective, particularly for patients with smaller residual nidus volumes and no previ-

ous hemorrhage. Other studies have also shown that
repeated radiosurgery is safe and effective with limited
complications.14,96,103 Some data also suggest that resection
after radiosurgery is safe.104

Caveats
Any discussion of radiosurgery for an AVM must mention
some caveats. First, there is significant variability among
studies, not only in the type of radiation applied, but also in
how obliteration and neurologic outcomes are determined.
Because AVMs are not as common as other neurosurgical
conditions, the published experience from a single institution often spans more than a decade, during which time
significant advances have occurred in the delivery of radiosurgery and in the decision-making process. When comparing studies or reviewing the literature, one must account
for these inherent limitations.
One of the most variable factors in radiosurgery is the
applied dose, which is confounded by the types of radiation
delivered (photons versus Bragg-peak particles including
protons and light ions). A full discussion of dose is beyond
the scope of this chapter, but it is important to realize that
obliteration of AVMs after radiosurgery appears to relate
to the radiation dose, particularly the marginal dose, and
AVM volume, which are affected by the method of administering the radiation.82–84,86,89,94,101,103,105 Here, particle
radiosurgery can take advantage of the steep dose drop-off
of the Bragg peak to give more conformal and higher target
volume doses with fewer side effects from spillover into
adjacent sites.77,106 In addition, there is ongoing work on
the role of fractionated radiotherapy versus radiosurgery
for treating patients with AVMs.45,107

Conclusion
We strongly believe that the patient presented here would
benefit from radiosurgery because it is safe and effective
with a low chance of permanent neurologic deficit or radiation injury. Furthermore, the natural history of her lesion,
based on current knowledge, does not put her at significant risk for hemorrhage during the latency period after
radiosurgery. Her seizure symptoms should improve and
ultimately, if radiosurgery fails to obliterate the lesion,
microsurgery is a viable option without the patient having
undertaken its risk upfront.
The debate among microsurgery, radiosurgery, and, increasingly, endovascular treatments for both small and large
AVMs will only grow as our strategies become more advanced. With regard specifically to radiosurgery, improved
protocols for radiation delivery as well as more standardized outcome measures and grading scales will improve
the generalization of data. The treatment of patients with
an AVM, however, is still limited by its relatively low prevalence, the lack of randomized data, and the variability of
factors associated with AVMs.
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To Treat or Not to Treat?
Although our understanding of the natural history of cerebral AVMs continues to evolve, high annual risks of hemorrhage, ranging from 2 to 4% per year, have been documented
in numerous series.1,22,30,31,52,54,55 In general, most patients
warrant treatment for this reason. The threshold to intervene is lower in younger patients and in those with previously ruptured AVMs because these groups experience an
increased cumulative lifetime risk of AVM hemorrhage.1–4,32
Furthermore, patients with unruptured AVMs that cause
seizures, focal neurologic deficits, or both, are more likely
to be offered treatment to improve or control the offending symptoms, while also reducing the risk of AVM
hemorrhage.
Unruptured AVMs may carry a lower hemorrhagic risk
than ruptured ones.1,3 Thus, the benefit of intervention for
unruptured AVMs is an area of recent controversy. Stapf
and colleagues3 reported natural history data (mean follow-up of 829 days) obtained from a prospective database
of 622 consecutive AVM patients evaluated at their center,
the ARUBA study51 sponsor site; they identified multiple
risk factors predictive of hemorrhage, including the patient’s increased age, a deep location, deep venous drainage, and a hemorrhagic presentation. In those patients
with superficial, unruptured AVMs without deep venous
drainage, similar to the patient described in this chapter,
the hemorrhage rate over the study period was only 0.9%
per year. Based in part on these data,108 the ARUBA study,51
which itself has raised controversy because of numerous
concerns over its design,109,110 was initiated (and is ongoing) as a randomized trial comparing observation versus
intervention (surgery, radiosurgery, embolization, or all) for
patients with unruptured AVMs. However, as pointed out
by Cockroft and associates,110 “it appears unlikely that any
widely generalizable information will be obtained” from
the ARUBA study because of its broad enrollment criteria,
heterogeneous clinician and center experience, the variability in treatment modalities that are included, the inconsistent equipoise and associated selection bias, and an
inadequate length of follow-up, among other factors. Because of predictably slow patient enrollment, the trial’s
initial 30-month recruitment period was extended to 60
months, and the initial target sample size of 800 patients
was reduced to 400 patients.51
Most unruptured AVMs should be considered for treatment, particularly in younger patients who would otherwise be exposed to the substantial risk of AVM hemorrhage
over several years without treatment. For example, in a
40-year-old woman with an unruptured, superficially lo-

cated AVM without deep venous drainage, who is expected
to live another 40 years, if we assume that (1) the risk
of AVM hemorrhage stays constant at 0.9% per year and
(2) the hemorrhagic risk for any given year behaves independently of the other years, then by the multiplicative law
of probability, her lifetime risk of AVM hemorrhage would
be calculated as 30%.32 If instead we use the 4.3% per year
hemorrhage risk in patients presenting with seizures, as
reported by Ondra and colleagues,52 the calculated risk of
hemorrhage over 40 years increases to 83%. Of course,
hemorrhagic risk does not behave independently from year
to year and would certainly increase if the AVM hemorrhaged; however, even our most conservative estimate
suggests that the risk of AVM hemorrhage over a 40-year
period is substantial. Ultimately, the decision to treat a
given AVM must be individualized to account for numerous
unique patient-specific and lesion-specific factors and cannot be reduced to any single grading scheme or statistical
calculation.
In the case presented, it is our position that the patient’s
young age (implying both a longer cumulative life at risk and
a better propensity to recover from potential treatmentrelated injury), her symptomatic presentation, a Spetzler–
Martin grade of II, and a compact nidus all collude to
indicate treatment. Let’s examine the various options.

How to Treat?
Irrespective of the treatment modality used, the AVM must
be obliterated to reduce the risk of future hemorrhage; incomplete obliteration does not result in partial protection
from,48,111 and may even increase the risk of,112 AVM hemorrhage. The more contentious issue is how best to achieve
complete AVM obliteration with the lowest possible risk for
a given patient. Should open surgery, radiosurgery, or embolization be offered? To cut, burn, or occlude? That is the
question, among others, raised by the current case example
and well addressed in the preceding sections.

Surgical Resection
Complete, angiographically confirmed surgical AVM resection immediately and durably eliminates the risk of future
hemorrhage in adults, and is generally considered the most
effective treatment with the longest track record for this
purpose.35,55 However, not all AVMs can be resected safely.
In the past, some patients with large, complex, or small but
deep-seated AVMs that today would be considered nonsurgical were operated on with significant morbidity, which
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was accepted as necessary to “defuse the bomb” in their
heads. Fortunately, significant advances in the realms of
radiosurgery and embolization have led to safer treatment
pathways for some of these patients. Additionally, an increasingly balanced assessment of treatment risk against
natural history has led to the recognition that certain AVMs
should be followed or palliated rather than treated for cure,
although some centers continue to push forward the frontier in this arena with multimodality treatment paradigms
for even the most difficult lesions.8,11,12,35,36,55,64
Arteriovenous malformation surgical risk has been codified though incompletely addressed by numerous AVM
grading schemes6,61,62,115–118; however, the Spetzler–Martin
grade is the most widely used and takes into account AVM
size, eloquent versus non-eloquent brain locations, and superficial versus deep venous drainage.6 In their original
paper, Spetzler and Martin6 retrospectively applied the grading scheme to 100 consecutive patients who underwent
complete AVM resection, and they were able to positively
correlate the AVM grade with surgical morbidity. No patient
with a low-grade AVM (I or II) experienced a major deficit.
One of 21 patients with a grade II AVM (5%) experienced
a minor deficit. In the follow-up prospective application of
this grading scheme in 120 consecutive patients under
going complete AVM resection, Hamilton and Spetzler36
correlated an increasing AVM grade with new transient
and permanent neurologic deficits and reported that no
patient with lesions of grade I or grade II experienced a
permanent neurologic deficit. They also analyzed the individual components of the grading system and found that
the AVM size and the pattern of venous drainage were each
statistically significant predictors of the development of
permanent neurologic deficits after surgery. An eloquent
location alone was a statistically significant predictor of
early transient but not permanent neurologic deficits.
More recently, Lawton and associates61 introduced a
supplementary AVM grading scale to account for three
additional important features not addressed in the Spetzler–
Martin scheme: the patient’s age, hemorrhagic versus nonhemorrhagic presentation, and a compact versus diffuse
nidus. When applied to 300 consecutive surgically resected
AVMs, this supplementary grading scale was a better predictor of the patient’s neurologic outcome after surgery
than was the Spetzler–Martin grade, and the strongest predictive ability was achieved by combining both systems.
As applied to the patient presented here, a 40-year-old
woman with an unruptured AVM located in an eloquent
area and with superficial venous drainage and a compact
nidus measuring 1.5 cm, this lesion would be categorized
as Spetzler–Martin grade II, supplemental grade III, with
a combined grade (SM grade + supplemental grade) of V.
Statistically, these scores predict a worsened neurologic
outcome after surgery in 24.4%, 22.1%, and 21.1% of patients, respectively, according to the series by Lawton and
colleagues.61 These results stand in contrast to those pre
viously reported by Heros and associates35 and Hamilton

and Spetzler,36 in which no permanent neurologic morbidity was reported in 98.7% and 100% of patients, respectively, undergoing resection of AVMs of SM grade I to II. One
possible explanation for the discrepancy, among others, is
that Table 5 in Lawton’s paper, in which the correlates of
outcome are analyzed, is based on only 73 patients.
Multiple series have suggested that small AVMs, even
ones in eloquent areas, can be resected relatively safely in
well-selected patients. For example, in a retrospective series of 100 consecutive surgically resected AVMs of less
than 3 cm in size, Pik and Morgan12 reported neurologic
worsening in two of 46 patients (4.3%) with AVMs in eloquent areas. In another retrospective series of 67 surgically
resected AVMs of less than 3 cm in size, Sisti and associates8 reported permanent neurologic worsening in only
one patient (1.5%); the proportion of AVMs in eloquent locations was not clearly specified but appears to have been
at least 25%. In another retrospective series of 72 consecutive surgically resected AVMs, Pikus and coauthors11 reported that, in the 19 patients with AVMs of less than 3 cm
in size, no new postoperative neurologic deficits occurred.
Finally, Lawton and associates13 retrospectively analyzed
technical and clinical results in 74 consecutively resected
grade III AVMs and reported that, in the 35 patients with
small lesions (< 3 cm) in eloquent areas with deep venous
drainage, there were no new neurologic deficits after surgery, and there was one death secondary to fulminant liver
failure of unknown cause, presumably unrelated to surgery.
Small-sized grade III AVMs carried a lower overall surgical
risk (2.9%) as compared with moderately sized (3–6 cm)
lesions (7.1–14.8%).

Radiosurgery
Arteriovenous malformation obliteration after radiosurgery
occurs in a delayed fashion through radiation-induced endothelial cell proliferation, progressive vessel wall thickening, and eventual luminal closure.119–121 Although complete
AVM obliteration rates reported after radiosurgery vary
depending on the length of follow-up, the number of treatments attempted, the radiation dose used, and the imaging
modality used (MRI versus cerebral angiography) to ascertain the final outcome, overall AVM obliteration rates
ranging from 60 to 90% have been documented in numerous clinical series,16,69–71,77,80,122 and both a smaller AVM
size and a higher radiation dose correspond with better
obliteration rates after radiosurgery. A larger volume
treated, a higher radiation dose, and repeated radiosurgery
are also associated with higher rates of adverse effects, including cerebral edema and direct radiation-induced neurologic injury.16,94–96 On rare occasions, delayed rebleeding
can occur even after complete angiographic obliteration
is achieved.17
In a retrospective series of 217 grade I and II AVMs
treated with radiosurgery as the primary therapy, Kano
and colleagues16 reported obliteration rates of 58%, 87%,
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90%, and 93% at 3, 4, 5, and 10 years, respectively. The median follow-up after radiosurgery was 64 months, the median time until total obliteration (as seen on MRI) was 30
months, and factors associated with a higher rate of total
obliteration on univariate analysis included a smaller target volume, a smaller maximum diameter, and a higher
margin dose. Thirteen hemorrhages (6%) occurred after
radiosurgery, resulting in six deaths (2.8%)
In another retrospective series of 300 consecutive radiosurgically treated AVMs, Liscák and associates80 reported a 74% obliteration rate occurring at a median of 25
months after initial radiosurgery and a total obliteration
rate of 92% after repeated radiosurgery in patients with
persistent AVMs 3 years after the initial treatment. Smaller
AVM volumes and higher radiation doses were correlated
with a higher chance of AVM obliteration. The cumulative
risk of new permanent neurologic morbidity related to radiosurgery was 3.4%. Nineteen patients (6.3%) experienced
AVM hemorrhage after radiosurgery, and three (1%) died
as a consequence.
The modified Pollock–Flickinger grading scale is a validated tool used to predict radiographic and neurologic outcome after AVM radiosurgery, and takes into account the
patient’s age, the AVM volume, and the AVM location.68
In a series of 220 patients with radiosurgically treated
AVMs, Pollock and Flickinger68 reported a 75% overall AVM
obliteration rate and found that lower AVM scores, as calculated with their formula, correlated with higher obliteration rates without neurologic deficits. Twenty-three
patients (9%) experienced hemorrhage after radiosurgery,
resulting in nine permanent neurologic deficits (4%) and
eight deaths (3%).
As applied to the case described in this chapter, in a
40-year-old woman with a 1.5-cm parietal AVM, the modified Pollock–Flickinger score would be 0.98, which corresponds to an 89% chance of complete AVM obliteration
without a new neurologic deficit after treatment.68

Embolization
Embolization is typically used as a preoperative adjunctive
therapy to facilitate surgical resection by devascularizing
the nidus or through targeted occlusion of deep arterial
feeders that are not easily accessible at surgery (or both).
Although it is an important tool, embolization must be
used judiciously, as it carries its own unique risks. For example, Taylor and colleagues123 reported a 6.5% permanent
morbidity rate and a 1.2% mortality rate attributable to
preoperative AVM embolization in 339 total procedures.
We strongly believe that embolization of surgically accessible feeders is unnecessary and introduces the added risks
of angiography and embolization, contrast agents, radiation exposure, and economic cost without significantly reducing the surgical risk. Additionally, embolization can be
done to treat feeding artery aneurysms, typically in the
setting of acute rupture, before later definitive therapy for

321

the AVM itself. Less commonly, partial embolization is used
to decrease the size of an AVM nidus to make it amenable
to subsequent radiosurgical treatment; however, the utility
of this technique is not well established. Indeed, prior embolization has been reported to be a negative predictor of
outcome after AVM radiosurgery.69,124
Embolization as a primary curative therapy has generally been limited to small lesions that are typically supplied
by a single vascular territory with arterial feeders that are
accessible through a microcatheter. The same factors that
make an angiographic cure possible after embolization,
however, tend to also increase the likelihood of a low-risk
surgical cure, but unlike the surgical track record, the durability of AVM obliteration after embolization alone remains
to be established. On the other hand, highly selected patients with small inoperable lesions and favorable angioarchitecture for embolization or those who have accessible
lesions but contraindications that preclude surgery can be
considered for embolization; however, such patients are
typically offered radiosurgery, which is the tried-and-true
option. Nonetheless, embolization offers the possibility of
an immediate angiographic cure that, if durable, constitutes an obvious advantage over radiosurgery, which typically requires 2 to 5 years to effect obliteration, with no
protection from hemorrhage during the latency period.
Onyx (ev3 Neurovascular, Irvine, CA) is now the liquid
embolic agent of choice for AVM embolization. Compared
with n-butyl cyanoacrylate, which was formerly the more
widely used agent, Onyx carries less risk of microcatheter
retention and can be injected slowly, in a more controlled
fashion, to achieve deeper, diffuse AVM nidal penetration.
As familiarity and experience with Onyx continue to accrue, the range of AVMs treated for cure with embolization
will likely continue to expand. Although initial reports documented early obliteration rates with Onyx embolization
ranging from 20 to 54%,38,39,125,126 recent studies suggest
that short-term curative embolization can be achieved in
94 to 96% of well-selected patients.127,128 However, these
are indeed highly selected patients and the results are nowhere close to general applicability. Long-term outcomes
after curative AVM embolization remain unknown.

Seizure Outcome
The effect of AVM treatment on seizure outcome in patients
presenting with seizures depends on a variety of factors
reviewed elsewhere.20 Previous studies have suggested that
about half of AVM patients are rendered free of seizures
after either open surgery35 or radiosurgery129; however,
more recent series have documented rates approaching
80%.130,131
In a series of 130 AVM patients with preoperative seizures who underwent surgical resection, 96% had a modified Engel class I outcome, characterized by freedom from
seizures (80%) or only one postoperative seizure (16%) at a
mean follow-up of 20.7 months.130 In another series of 86
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AVM patients with a history of seizures treated with radiosurgery, 76.7% were free of seizure at a mean follow-up of
89.8 months; 96.7% of patients in whom the AVM was
obliterated remained free of seizure, whereas only 30.8%
were free of seizures when the AVM was not completely
obliterated.131 In general, surgical resection and radiosurgery of AVMs appear to be comparable with regard to seizure outcome, and the patient described here has a good
chance of complete freedom from seizure with either type
of treatment, although this result would take longer to
achieve with radiosurgery.

If radiosurgery were done up front in the sample case
described here, with a 90% chance of complete obliteration
in 3 to 5 years, what would be the next course of action for
the 10% chance that obliteration was not achieved? Radiosurgery could be repeated, with an increased risk of adverse
radiation effects (5%)96 and with a continued hemorrhagic
risk during the second latency period. On the other hand,
previous radiosurgery has been reported to facilitate AVM
resection while reducing surgical morbidity.104 Both repeated radiosurgery and surgical resection are valid options in this scenario, and the same considerations apply.

Discussion

Conclusion

Although we recognize that many practitioners would elect
to follow this patient conservatively because her AVM is
unruptured and in a so-called eloquent area, we would recommend treatment. She is young, the cumulative risk of
rupture over the course of her expected lifetime is substantial even by conservative estimates, she has a better potential to recover from postoperative sequelae, and her AVM
is small, superficial, compact (as opposed to diffuse) and
situated posterior to the sensory cortex.
Not to belittle the use of “eloquence” as simplified and
categorized by Spetzler and Martin, but it escapes no one
that the concept has been oversimplified for the purpose
of convenient categorization—hence its utility and limitations. All eloquent brain is not created equal. A small AVM
in the sensory cortex can be treated with less risk than a
small AVM in the brain stem or thalamus. On the other
hand, we respect the fact that significant injury to the sensory cortex could also result in significant disability for the
patient, including the disturbing alien hand syndrome. Radiosurgery is a reasonable option, which avoids the upfront
risks of surgery with a high likelihood of complete AVM
obliteration within 3 to 5 years. However, because there is
no protection from hemorrhage during the latency period,
because this continued risk of hemorrhage naturally carries more severe consequences when the AVM is situated
within an eloquent location, and because there is the possibility of devastating, delayed, radiation-induced injury to
the sensory cortex, a compelling argument can be made for
surgical resection, if it can be done safely.
To this end, we would obtain a preoperative functional
MRI scan with diffusion tensor imaging and fiber tractography to guide our resection, accepting the small risk of
injury to the posterior sensory cortex. Figure 17.4 illustrates these points in a similar patient we treated successfully through surgery, in whom the AVM directly abutted
the anterior bank of the motor cortex. Figure 17.5 illustrates
the potentially devastating, and not so rare, consequences
of radiosurgery in AVMs in eloquent areas, which necessitated surgical resection in another patient.

Managing an AVM requires an understanding of its natural
history, which must be balanced against the risks of treatment before reaching a well-informed decision. Even when
armed with this understanding, experts in the field may
have divergent opinions, as this and the preceding chapters
illustrate. Every AVM and every patient is unique, and no
single grading scheme or statistical calculation can completely dictate the appropriate strategy for a given case.
In fact, the final treatment decision, in this practical world
of ours, very much depends on the available resources and
experience of the surgeon and center at which the patient
is seen. Although it goes without saying that a multidisciplinary approach is laudable, ultimately, experienced neurosurgeons must strive to know the indications, efficacy,
and complications of all potential treatment modalities,
including surgery, radiosurgery, and embolization, in their
own hands, in their own center, to counsel patients appropriately, especially in the face of controversy.
Multidisciplinary consultation works best when the
learned opinions of the many contribute the necessary
elements of experience that enrich the wisdom of the decision of the one and final decider. Such consultation, unfortunately, is misused all too often as a vehicle to abrogate
individual responsibility and to diffuse, rather than consolidate, the sense of moral obligation to the patient. Treatment by committee works no better than having several
people maneuver the steering wheel of one car. No single
person will feel responsible for the crash. One leader and
driver is indispensable. And, at the risk of preaching fiscal
heresy and disregard for the “bottom line” of hospitals and
physician practices, the ethical practitioner who recognizes that the best treatment may not be available at his or
her own facility should refrain from resorting to the too
commonly used strategy of prescribing “what is available
at our center” rather than prescribing what is best for the
patient at another center.
In the final analysis, if the patient discussed here were a
patient of the senior moderator at the University of Miami,
she would undergo surgical resection.
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Fig. 17.4a–m A 22-year-old man presented with multiple jacksonian seizures involving the right arm. At another institution, he
was diagnosed with an AVM of the left motor cortex and underwent partial Onyx embolization. No clear treatment goal was
defined and the patient sought our opinion. The initial plain magnetic resonance imaging (MRI) scans of the brain—T2-weighted
axial (a) and T1-weighted sagittal (b)—show a 2.4-cm nidus
abutting and indenting the anterior bank of the left motor strip. A

standard left internal carotid artery (LICA) angiogram—anteriorposterior (c) and lateral (d)—confirms the arterial supply through
the branches of the anterior and middle cerebral branches, with a
partial Onyx cast seen in the branches of the middle cerebral artery, as well as superficial venous drainage. The AVM was Spetzler–
Martin grade II. (e) Functional MRI shows activation zones for
right-hand motor function. (continued on next page)
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Fig. 17.4a–m (continued) (f) Diffusion tensor imaging (DTI) tractography well illustrates that the fibers immediately adjacent to
the AVM may be transcortical U-fibers rather than the corticospinal tract. The decision was made to resect the lesion. (g) At surgery, the partial Onyx cast is well seen. Careful intraoperative corticography confirms the position of the motor strip immediately

posterior to the vein. (h) A complete resection is achieved without
changes in the motor evoked potentials or somatosensory evoked
potentials. (i) Intraoperative indocyanine green videography confirms the total resection. (j) The subdural strip electrode is placed on
the motor strip after resection to confirm the integrity of the motor
pathway. The patient had no postoperative deficits whatsoever.
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Fig. 17.4a–m (continued ) (k,l) Anterior-posterior and lateral
angiograms on postoperative day 2 confirm the gross total resection. (m) The patient is cured of seizures as of his 6-month
follow-up visit and his MRI is normal.

m
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Fig. 17.5a–l This 38-year-old man presented to another institution with headaches. A small 1.8-cm AVM of the left paracentral
lobule was diagnosed, and he underwent CyberKnife radiosurgery
in three fractions. At around 14 months after treatment, he began
to complain of weakness in his right foot, which progressed proximally. He was treated with steroids for 3 months before being
referred to our institution. At his first evaluation with us, he had
already deteriorated significantly. He was using a walker, was severely depressed with intense headaches, displayed cushingoid
features, and was suffering from a multitude of steroid-induced
ailments and dependence. The initial pretreatment MRI and an-

g
giograms were not available for review. The lesion was an AVM of
the left paracentral lobule, with venous drainage to the superior
sagittal gyrus, making it Spetzler–Martin grade II. (a–d) Images
showing hemorrhagic changes, necrosis, and surrounding edema:
(a) plain CT scan; (b) axial fluid-attenuated inversion recovery
(FLAIR) MRI; (c) T1-weighted gadolinium-enhanced sagittal MRI;
(d) T1-weighted gadolinium-enhanced coronal MRI, which coincided with the early onset of clinical and radiographic radiation
necrosis at 14 months. (e–g) By 17 months after treatment, the
changes were more marked, as if the radionecrosing AVM were
behaving as an enlarging malignant tumor.
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Fig. 17.5a–l (continued ) (h) DTI tractography depicts the
corticospinal tract. We made the decision to resect the lesion
in the face of clinical worsening. (i–k) At 17 months after
CyberKnife treatment, angiography shows seeming obliteration of the nidus. Thus, to spare the injured ipsilateral left parasagittal motor cortex, the lesion was approached through a
contralateral right-sided interhemispheric transfalcine access,
with the expectation of encountering necrotic, easily resectable
tissue. Unfortunately, the tissue was still bloody and functioned
as if the AVM was still partially live. Thus, the surgery was
aborted. Immediately after surgery, the patient suffered from
severe paraparesis but slowly recovered to his preoperative
state at 3 months. An ipsilateral interhemispheric approach
was then performed and the lesion successfully resected. By
3 months after the resection, he had made a remarkable recovery, was independent, and off steroids. (l) CT scan showing
marked resolution of the radionecrotic changes.
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Chapter 18

Management of Symptomatic
Carotid Stenosis

Case
A 65-year-old patient in otherwise good health has symptomatic 80% carotid occlusion.

Participants
Stenting for Carotid Stenosis: Rabih G. Tawk, Adnan H. Siddiqui, Elad I. Levy, and L. Nelson Hopkins
Advocating Carotid Endarterectomy: Markus Bookland and Christopher M. Loftus
Moderators: Managing Symptomatic Carotid Stenosis: Endarterectomy vs. Stenting: Ning Lin, A. John Popp,
and Kai U. Frerichs
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Stenting for Carotid Stenosis
Rabih G. Tawk, Adnan H. Siddiqui, Elad I. Levy, and L. Nelson Hopkins
This case is an excellent illustration of the difficulties associated with the decision-making process for patients
with carotid artery disease. For this otherwise healthy patient, four essential approaches are possible: no treatment,
medical treatment, endovascular intervention with carotid
artery stenting (CAS), and open surgery with carotid endarterectomy (CEA). At our center, we prefer to define the
degree of stenosis on the basis of a diagnostic cerebral angiogram, the study that continues to represent the gold
standard for the evaluation of carotid disease. The diagnostic angiogram elucidates several factors that are essential
to the decision-making process for selecting the optimal
treatment for a given patient. In addition to the severity of
stenosis, several essential elements guide our decision before recommending a treatment modality in general and in
particular for this patient who is in good health. In this section, we review key studies comparing CAS to CEA and outline the advantages and current and practical indications
for CAS. Our perspective is that of neurosurgeons trained in
both open and endovascular surgery, and we define carotid
lesions primarily on the basis of findings on the diagnostic
cerebral angiogram. Because this patient has a symptomatic lesion, treatment with either CAS or CEA would be
superior to medical treatment. In the presented case, we
would evaluate the lesion’s characteristics and the patient’s
candidacy for both CAS and CEA before making a final recommendation for or against CAS.

Background
Carotid artery disease is implicated in approximately 25%
of ischemic stroke cases.1 With advancements in endovascular technology and techniques and increasing experience
and expertise among surgeons, the role of CAS in stroke prevention has continued to evolve. Many treatment centers
now consider CAS to be a first-line, less invasive therapeutic alternative to CEA for patients at high risk for surgical
complications. Subsequent to the publication of the results of the North American Symptomatic Carotid Endarterectomy Trial (NASCET)2 and European Carotid Surgery Trial
(ECST),3 in which the benefits of CEA over the best available
medical therapy were demonstrated, the Carotid Revascularization Endarterectomy versus Stent Trial (CREST)4 and
the Stenting and Angioplasty with Protection in Patients at
High Risk for Endarterectomy (SAPPHIRE) trial5 affirmed
that CAS is not inferior to CEA for certain subgroups of
patients.
Although the precise role of CAS in primary and secondary stroke prevention has not been defined, data from
multiple reports have demonstrated the efficacy of CAS for
treating patients with carotid artery stenosis.6–9 Conse-

quently, the safety and the widespread use of CAS have
created a dilemma regarding which method of carotid revascularization to use in which population, particularly
in patients considered at high risk for CEA, as defined by
NASCET.10 Because the NASCET analysis included a highly
selected group of patients and excluded those at high risk
for surgery (Table 18.1), several newer trials documented
the efficacy of CAS in both high-risk and standard-risk patients and compared these results with those from wellestablished reports on CEA.4,9–13 The SAPPHIRE5,13 and the
Carotid Revascularization Using Endarterectomy or Stenting
Systems (CaRESS)11 trials suggested that the stenting procedure is not inferior in short- and long-term follow-ups of
mixed cohorts of symptomatic and asymptomatic patients.
The 30-day outcomes of the Endarterectomy Versus Angioplasty in Patients with Symptomatic Severe Carotid Stenosis (EVA-3S) study,14 the Stent-supported Percutaneous
Angioplasty of the Carotid artery versus Endarterectomy
(SPACE) study,2,9,15 and the International Carotid Stenting
Study (ICSS)16 have been analyzed extensively. Although
EVA-3S14 and SPACE12 failed to reach the prespecified margin for the noninferiority of CAS compared with CEA for
30-day outcomes, longer term follow-up of these studies
showed low and similar rates of ipsilateral stroke at 2 and
4 years of follow-up, respectively, in both treatment groups.
Recently, CREST demonstrated that the risk of the composite primary outcome of stroke (myocardial infarction)
or death during the 30-day periprocedural period or ipsilateral stroke within 4 years after randomization did not
differ significantly between CAS and CEA among standardrisk patients with symptomatic or asymptomatic carotid
stenosis.4 The incidence of stroke during the periprocedural
period was lower in the CEA group than in the CAS group,
and the incidence of periprocedural myocardial infarction
and cranial nerve palsy was lower in the CAS group. The
countervailing effects in the periprocedural event rates
resulted in similar rates of primary outcomes in the two
groups. After the periprocedural period, the ipsilateral
stroke rates in CREST were 2.0% with CAS and 2.4% with
CEA (similar to the rates in the SPACE and EVA-3S trials),
suggesting excellent durability for up to 4 years.

Selection of Treatment Modality:
CAS vs. CEA
The carotid stenosis population represents a heterogeneous
mixture of individuals with specific underlying medical comorbidities and specific lesion characteristics. According to
our experience, no single treatment can serve all patients
as one group.17 Both CEA and CAS are effective treatment
options, and we believe that the treating physician should
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Table 18.1 Criteria of Exclusion from the North American Symptomatic Carotid Endarterectomy Trial (NASCET)2
The following criteria were used to exclude patients from the study:
1. Age 80 years or older
2. Mentally compromised or unwilling to give consent
3. Both carotid arteries and their intracranial branches could not be visualized
4. An intracranial lesion was more severe than the surgically accessible lesion
5. Failure of the kidney, liver, or lung, or a cancer was judged likely to cause death within 5 years
6. Cerebral infarction on either side that deprived the patient of all useful function in the affected territory
7. Symptoms that could be attributed to nonatherosclerotic disease (e.g., fibromuscular dysplasia, aneurysm, or tumor)
8. Cardiac valvular or rhythm disorder likely to be associated with cardioembolic symptoms
9. Previous ipsilateral carotid endarterectomy
The following criteria were used to determine that patients were temporarily ineligible*:
1. Uncontrolled hypertension, diabetes mellitus, or unstable angina pectoris
2. Myocardial infarction within the previous 6 months
3. Signs of progressive neurologic dysfunction
4. Contralateral carotid endarterectomy within the previous 4 months
5. Major surgical procedure within the previous 30 days
*These patients could become eligible if the disorder causing their temporary ineligibility resolved within 120 days after their qualifying cerebro
vascular events.

be able to match every patient to the technique that is safer,
while realizing the highlights and the pitfalls of the existing
data on each. Although the results from major trials that
compared CAS to CEA (CREST, SPACE, EVA-3S) are similar
to a certain degree with respect to specific parameters, CAS
is particularly attractive in certain subgroups of patients,
especially those who were excluded from the NASCET2,10
because of associated medical “high risk” and poor surgical
candidacy. The high-risk features for CEA that were adopted as criteria for including participants in CAS registries
and trials are listed in Table 18.2. Therefore, selection of
either CAS or CEA is not only about a better or a more
durable technique but also requires attention to the patient’s age, medical comorbidities, lesion characteristics,
and proximal vascular anatomy (with respect to endovascular access). Further, as stent design, delivery systems, and
cerebral embolic protection devices continue to be refined,
the long-term outcomes for CAS continue to improve and
the procedural risks continue to decrease.

Advantages of CAS
In the absence of detailed guidelines that specify the use of
CEA or CAS, patients should be offered an approach that is
both individualized and lesion-specific. We consider CEA
and CAS as complementary methods for specific patient
populations and lesions, and the assignment of a technique
is not dichotomized for one technique versus the other. Indeed, patients at high risk for CEA are often low risk for CAS
and vice versa. This objective evaluation allows us to select
the optimal treatment modality for each patient, as most
would be better served with a specific modality. From a

technical standpoint, CAS is a minimally invasive procedure and does not require neck dissection to expose the
carotid artery, which is challenging especially in patients
after radiation therapy or surgery of the neck area. Exposure is also very challenging in patients with a short neck
and a lengthy stenotic lesion. In addition, CAS avoids prolonged brain hypoperfusion because no occlusion of the
carotid artery is required. In CEA, the internal carotid artery (ICA) is occluded during resection of the lesion; thus,
we favor CAS especially in patients with contralateral occlusion. Further, CEA-associated complications—mainly, cranial nerve palsies—are avoided. Moreover, some patients
request the less invasive endovascular CAS procedure; thus,
patient preference drives the approach selected as well.
Carotid artery stenting is particularly advantageous in
several subgroups of patients, especially those with a variety of medical comorbidities. Such patients are deemed at
high risk and therefore considered poor surgical candidates,
yet could be easily treated with CAS. Another subgroup
that would benefit substantially from CAS is represented
by patients harboring very high lesions located toward the
skull base. The retraction and dissection required to expose
high lesions is substantial, and such lesions are associated
with a high risk of cranial nerve injuries (in 7.6 to 27% of
patients).10,18 Patients who have undergone previous neck
surgery have scar tissue that obscures the neurovascular
structures and places them at an increased risk of injury.19
Restenosis, which occurs in 1.5 to 49% of endarterectomy
patients,20,21 constitutes another technical challenge for
CEA. With increasing patient longevity, medical comorbidities are increasingly encountered and carotid disease recurs with greater frequency. CAS circumvents the need to
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Table 18.2 High-Risk Features for Carotid Endarterectomy
1. A history of myocardial infarction within 30 days
2. Unstable angina with electrocardiographic changes
3. Angina with two-vessel coronary artery disease
4. New York Heart Association class 3–4 congestive heart
failure
5. An ejection fraction < 30%
6. Chronic obstructive pulmonary disease with < 30% of
predicted forced expiratory volume in 1 second (FEV1)
7. Heart surgery required within 30 days
8. Vascular surgery required within 30 days
9. Age > 75 years
10. High cervical or intrathoracic stenosis
11. A previous ipsilateral carotid endarterectomy
12. A history of radical neck dissection or neck irradiation
13. Bilateral carotid artery stenosis, contralateral occlusion
14. A previous contralateral carotid endarterectomy with
cranial nerve palsy
15. Immobility of the cervical spine
16. A crescendo of or recent transient ischemic attacks
17. Tandem stenosis
18. Intracranial hypoperfusion
19. Tracheostomy

operate through scarring and permits the treatment of lesions located at the proximal and distal ends of the endarterectomy sites, which are difficult to access surgically.
Because the complication rate associated with a repeated
CEA can be as high as 10.9%, CAS is likely safer than a second CEA in cases of recurrent stenoses.19,22–24 Another setting in which CAS is particularly beneficial is for patients
in whom lesions are caused by diseases other than atherosclerosis, such as radiation-induced stenosis and fibromuscular dysplasia. Radiation-induced stenoses tend to be
longer than atherosclerotic lesions, often extending from
the origin of the ICA to the skull base, and are usually composed of atheromatous debris and sclerotic tissue, which
clearly complicates CEA.25–27 Such patients have altered
anatomic planes and a poor capacity to heal and, therefore,
might be better served with CAS.28,29 Further, patients who
develop stenosis after radiation are also more likely to have
undergone previous neck surgery, another factor that complicates CEA.
Carotid artery stenting also represents a superior treatment option in patients with symptomatic thrombus, in
which the stent can plaster the thrombus against the vascular wall and prevent it from distal migration. Likewise,
CEA is difficult in the setting of carotid dissection because
of the typically distal location and long extension of these
lesions compared with atherosclerotic stenosis. Open surgical treatment of carotid dissections is associated with a
high complication rate and normally consists of proximal
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vessel ligation, direct repair, embolectomy, or bypass, because CEA is generally not recommended.30,31 For these lesions, CAS represents a superior option32–40 and is now the
treatment of choice for symptomatic dissections not responding to anticoagulants.32,41,42 Stenting can reapproximate an intimal flap against the wall and maintain patency
of the lumen. Endovascular techniques also permit possible
treatment of associated pseudoaneurysms. In the absence
of guidelines for the management of ICA dissections, we
recommend stenting for cases in which the patient experiences ischemic symptoms despite medical therapy, for
cases involving radiographic progression of the lesion, and
for cases in which the stenosis exceeds 80%.
Another scenario in which we favor CAS is for cases of
contralateral ICA occlusion. Compared with patients with
unilateral disease, CEA is associated with a higher rate of
complications in patients with contralateral occlusion,
and, according to the NASCET investigators, the 30-day risk
of stroke and death approaches 14.3%.2 This risk is likely
attributable to the time needed for ICA clamping during
CEA (NASCET median, 32 minutes) in patients with poor
intracranial collateral circulation. We have found CAS particularly advantageous in this setting because CAS avoids
prolonged ICA occlusion, which is typically limited to 5 to
15 seconds to inflate the angioplasty balloon.43 Further, we
typically perform CAS with the patient under conscious
sedation with continuous neurologic evaluation. In these
settings, clinically significant complications (such as embolization of plaque that can lead to stroke) may be managed
or treated immediately through the existing proximal access route.
To date, CAS outcomes likely have been hindered by our
limited knowledge of atherosclerotic lesions and inappropriate selection of patients. Currently, the need for CEA or
CAS is dictated solely by the degree of lumen obstruction,
and many centers use only Doppler imaging, which is operator-dependent, to assess the severity of the stenosis.
Recently, it has been shown that the histology, morphology, and composition of carotid plaques play a major role in
and seem to influence the outcomes of CAS to a greater degree than those of CEA.44 Although angiography is poor in
detecting the composition of atherosclerotic lesions, virtual
histology, a new technology incorporated into intravascular ultrasound equipment, allows a histological characterization of plaques by creating a reproducible analysis of the
radiofrequency and amplitude data of the ultrasound waves
that cross different tissues. By characterizing the morphology, extension, and histology of the plaque, this technique
provides important information to confirm the percentage
of stenosis and judge its embolic potential, tailor the procedure, guide the choice of stent, and check stent apposition
and complete coverage of vulnerable plaques. We have had
a favorable experience with intravascular ultrasound during CAS,45 and virtual histology intravascular ultrasound
has the potential to further optimize patient and lesion
selection criteria for CAS to improve procedure-related
outcomes.44
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Conclusion
In our opinion, carotid revascularization with CAS or CEA,
performed by highly qualified surgeons with dual training,
is safe and effective. When assessing patients with ICA
stenosis, we consider the relative risks associated with CEA
and CAS and their applicability to specific patient populations and lesion types. CAS continues to be particularly attractive for several groups of patients, especially those at

increased risk for undergoing CEA (e.g., patients who were
excluded from the NASCET). Our practice of open and endovascular surgery performed by neurosurgeons with dual
training represents an attempt to increase safety and completeness in the management of neurovascular disorders,
and perhaps this practice model will bridge the gap between
open and endovascular subspecialties and pave the way for
treatment of cerebrovascular disorders in the future.

Advocating Carotid Endarterectomy
Markus Bookland and Christopher M. Loftus
As a disease entity, carotid artery stenosis rarely presents
without serious and compelling comorbidities. Such comorbidities must be factored into any treatment strategy
for carotid artery stenosis and to evaluate the merit of
medical treatment alone, endovascular treatment (namely
CAS), and surgical reconstruction (namely CEA) in search
of the optimal therapy for these patients. Illustrating the
benefits of CEA, we present a 64-year-old patient with severe bilateral carotid artery stenosis.
This patient presented initially with a sudden onset of
right-sided central facial palsy and upper extremity paresis. She had a history of peripheral vascular disease and
severe congestive heart failure. A standard stroke workup
uncovered a left internal capsule infarct and bilateral ca-

rotid artery stenoses (Fig. 18.1). The patient had not pre
viously sought treatment for her constellation of medical
problems and was therefore referred initially for medical
optimization. Her primary medical providers recommended
she begin aspirin therapy and undergo placement of a defibrillator, and they consulted with our department for treatment of her stenosis. A left CEA was recommended, and the
patient agreed to the procedure after a full discussion of
the risks and benefits.

Procedure
The preparation of the patient for CEA began with general endotracheal intubation, the placement of an arterial

Fig. 18.1 Angiograms of the left and right common carotid arteries, respectively, showing more than 70% stenosis of the
bifurcations.
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Fig. 18.2 The Loftus shunt can be seen bridging the arteriotomy from the common carotid artery to the internal carotid artery. The
black stripe indicates the middle of the tubing and can be used to detect migration of the catheter.

line, and concurrent somatosensory evoked potential (SSEP)
monitoring and electroencephalograph (EEG) for redundant
electrophysiological monitoring during surgery. This preparation is consistent with our experimental protocol at
Temple University School of Medicine.
After sterile preparation and draping, the patient’s skin
and subcutaneous tissues were dissected sharply down
through the platysma, along the medial border of the sternocleidomastoid muscle. This dissection proceeded down
until the common carotid artery (CCA) came into view. At
this point, the anesthesiologist was instructed to administer 5,000 units of intravenous heparin. With the heparin
given and with the CCA, ICA, and external carotid artery
sufficiently exposed, a sterile marking pen was used to
draw a line along the carotid, approximating the proposed
arteriotomy.
Next, in preparation for cross-clamping the carotid vessels, we asked the EEG and SSEP technicians to obtain baseline readings. The ICA was occluded first, followed by the
CCA, and finally the external carotid artery was closed. The
arteriotomy was begun in the CCA with a No. 11 scalpel
blade and followed with Potts angled scissors. The bluemarked arteriotomy line was followed from the CCA up to
the bifurcation, and then up the ICA until normal vessel
lumen was encountered.
Some small left-sided EEG/SSEP changes were noted
upon clamping of the ICA; for this reason, a Loftus carotid
endarterectomy shunt (Integra LifeSciences, Plainsboro, NJ)
was carefully passed into the CCA and secured by pulling
up on the silk tie surrounding the artery (Fig. 18.2). A small
Scanlan–Loftus custom ICA pinch clamp was used to secure
the shunt after its passage into the distal ICA. With the
plaque exposed and carotid blood flow controlled, a Freer

plaque dissector was then used to gently dissect the plaque
away from the arterial wall.
Once the vessel wall was clean and smooth, we repaired
the arteriotomy defect with a Hemashield patch graft, as
is our routine. A running, nonlocking 6–0 Prolene suture
(BV-1 needle) stitch was used to close the fitted patch to
the arteriotomy walls (Fig. 18.3). To remove the Loftus
shunt, a small opening was temporarily left on the lateral
CCA wall to retrieve the catheter.
With the arteriotomy fully repaired and the shunt removed, the de-clamping sequence began. A heparinized
saline syringe with a blunt tip was inserted into a small
lateral wall opening while the two stitches abutting the
syringe were held tight. The vessel was filled with heparinized saline, while a surgeon’s knot was thrown and laid
down against the syringe. The final release of the arterial
clamps then proceeded in the following sequence: first
the external carotid artery, then the CCA, and, after a 10second pause, the ICA.
Next, the retractors were removed and wound hemostasis was ensured by direct inspection. Carotid patency
was once again confirmed with the handheld Doppler. A
layered closure followed, including the carotid sheath, platysma, and skin. Subsequent to closure, the patient was
awakened and extubated without complications; she was
neurologically and hemodynamically stable.
A more extensive discussion of our recommended detailed
surgical technique can be found in our carotid texts.46–48

CEA vs. CAS
Surgical intervention is the most highly effective treatment
option for patients with carotid artery stenosis.2 There is,
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Fig. 18.3 The finished arteriotomy patch repair. The CCA, ICA,
and external carotid artery have all been isolated with 0 silk ties.
Toward the top of the image, the protected vagus nerve can be

seen, and the hypoglossal nerve lies within a rubber loop just
along the lateral edge of the figure.

however, a subset of high-risk patients with carotid artery
stenosis and significant comorbidities, such as advanced
age, poor cardiac function, and limited pulmonary reserve,
that justifies consideration of alternative therapies. For this
reason, some have advocated stenting (namely CAS) as a
suitable alternative to CEA when dealing with complicated
circumstances and frail patients.
The case presented above is an example of just such
a patient. Her cardiac condition was complex, and the patient had been recommended for cardiac catheterization
and defibrillator placement at some point in the perioperative period. Additionally, the patient had a significant oxygen requirement at baseline and suffered near constant
dyspnea. Although we agree that these comorbidities warrant consideration of a stent, CAS, somewhat surprisingly,
has simply not proved to be as effective or safe as surgical
carotid reconstruction.
We have reviewed 11 reports of randomized controlled
trials comparing CEA and CAS.5,8,9,11,13,49–54 The results have
varied, but they have universally failed to validate CAS as
a superior treatment for carotid artery stenosis. In fact,
several have found CAS to have a much higher risk of subacute cardiovascular events than does carotid surgery. In
1998, the Leicester trial, though limited by a small sample
size, found a 45% increase in periprocedural cardiovascular
events among CAS patients compared with CEA patients. In
2001, the WALLSTENT multicenter randomized controlled
trials found an alarming rate of ipsilateral strokes and deaths
among CAS patients (CAS 12.1% vs. CEA 3.6%).52,54 Several
randomized controlled trials have since attempted to reverse the stigma of 30-day and 1-year infarcts from carotid

stenting, but these have largely failed. The SAPPHIRE trial,
released in 2004, stands as the lone exception. We note,
however, that the trial included an enormous number of
patients, nearly all receiving stents, who were treated outside of the trial, which always introduces the specter of a
selection bias against surgery. In addition, the SAPPHIRE
results that claim equipoise, unfortunately, have not been
reproducible in subsequent, larger randomized controlled
trials.5,13
In the absence of equipoise, then, for low-risk patients,
CAS has been most strongly advocated for treating patients
with carotid artery stenosis who have significant comorbidities. Elderly patients are often considered to be a highrisk group for whom CAS might be attractive. However,
several prospective and retrospective studies have compared CEA and CAS in the elderly and found that age does
not significantly alter the results. A review of 53 patients
older than 70 years at the University of Iowa Hospital found
no differences in CEA outcomes in these patients when
compared with historic, younger controls.55 Similarly, and
alarmingly, a meta-analysis of eight CAS study groups and
33 CEA study groups that selected for patients over 80 years
of age identified increased rates of postprocedural stroke
among CAS patients, similar to those rates noted in past
randomized controlled trials. No other differences were
seen in periprocedural or long-term mortality and myocardial events in these studies.56
Some groups have recommended CAS rather than CEA
for patients with unfavorable cervical anatomy, the so-called
hostile neck. Patients with previous neck surgeries, high
carotid bifurcations, irradiated cervical fields, or a nonex-
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tendable neck may be considered more efficaciously approached through an endovascular route. A case-controlled
trial in 2009 addressed this question by prospectively pairing and following 154 CEA patients. In the final analysis, no
difference in periprocedural ischemic events or mortality
was noted.57 Although a direct comparison between CAS
and CEA patients with difficult anatomy has yet to be done,
these initial data would give credence to the thought that
the hostile neck has little bearing on CEA outcomes when
a skilled surgeon performs the procedure.
Carotid artery stenting (with distal protective devices)
has been an innovative new technique for the treatment of
carotid stenosis, and no doubt has its place in the manage-
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ment of this disease. But the evidence to date is unequivocal and strongly favors surgical repair. No high-risk group
yet stratified has shown improved results with CAS when
compared with CEA, and in broader-based randomized controlled trials there has been consistent and reproducible
evidence for a lower 30-day stroke and death rate for patients randomized to CEA. The results of the CREST trial,
comparing endovascular and surgical treatment for non–
high-risk carotid stenosis patients, are eagerly awaited as
this chapter was being written. In the absence of novel data
to support CAS, however, current evidence-based medicine
continues to confirm the superiority of CEA over CAS for
treating patients with carotid stenosis.

Moderators
Managing Symptomatic Carotid Stenosis: Endarterectomy vs. Stenting
Ning Lin, A. John Popp, and Kai U. Frerichs
From the outset, it should be stated that the senior author
of each of the above two sections (L.N.H. and C.M.L.) not
only are thought leaders in their respective fields but also
have extensive experience and have been involved with the
evolution of the management paradigm for symptomatic
carotid stenosis over the past three decades. Although we
find little fault with what has been stated by either group
of authors, we believe that the issues being explored may
be much more nuanced than the “either/or” scenarios proposed by the two sections. These nuances form the substance of our discussion.
In essence, Bookland and Loftus advocate endarterectomy as superior to carotid stenting with lower periprocedural stroke and death rates, and they have highlighted the
importance of the technical proficiency of the operating
surgeon. Tawk and associates emphasize the benefit of carotid stenting in certain subsets of patients with symptomatic carotid stenosis, while taking an evolutionary view
of the field by asserting the complementary nature of endarterectomy and stenting. In this section, we provide a review of the currently available literature on the treatment
of symptomatic carotid stenosis and discuss the relative
advantages and limitations of these two approaches.

Early Clinical Trials
Atherosclerotic stenosis of the carotid artery is an im
portant cause of cerebral ischemia and is estimated to
be responsible for up to 20% of all ischemic strokes.51,58,59
The management of carotid bifurcation atherosclerosis as
a source of stroke first received detailed conceptual and
pathoanatomic attention from C. Miller Fisher in the early

1950s.60 Thereafter, reports of successful surgical treatment of carotid bifurcation atherosclerosis followed.61 Between 1950 and 1991, opinions about the utility of CEA
fluctuated considerably due to conflicting findings regarding the risks, benefits, and proper indications for the pro
cedure.62–65 A series of randomized controlled clinical trials
in the 1990s performed in North America2,66 and Europe67
unequivocally demonstrated that CEA combined with medical therapy is superior to medical therapy alone for stroke
prevention in certain symptomatic patients with highgrade carotid stenosis. As a result of these trials, for nearly
two decades CEA was established firmly as superior to the
best medical treatment of the era for certain patients with
symptomatic carotid stenosis.
Initially, the technique for endovascular treatment of
carotid stenosis was balloon angioplasty, which was first
introduced in 1980s.68–70 Early, nonrandomized case series
showed the potential benefits of an endovascular approach,
including no surgical incision, a need for only local anesthesia, and a shorter length of stay, but there remained
a substantial concern about the safety of the procedure.52,68,71,72 One of the first randomized controlled trials,
the Carotid and Vertebral Artery Transluminal Angioplasty
Study (CAVATAS),51 compared the results of carotid balloon
angioplasty with or without stenting to endarterectomy
in patients with symptomatic carotid stenosis (Table
18.3). This study showed that the 30-day stroke or death
rate was similar in both groups (approximately 10%) and
that minor complications such as cranial nerve palsies
and wound complications occurred more frequently in the
CEA group. Although the study highlighted the benefits of
a minimally invasive approach, the periprocedural stroke/
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2004
2008

2006
2008

2006
2008

2010

2010

SAPPHIRE5

EVA-3S8

SPACE9

ICSS16

CREST4

Symptomatic and
asymptomatic

Symptomatic

Symptomatic

Symptomatic

Symptomatic and
asymptomatic,
high risk

Symptomatic

Patient
Population

> 50%

> 50%

> 50%

> 60%

> 50%

> 50%

Degree of
Stenosis

Stroke + death + MI

Stroke + death + MI

Stroke + death

Stroke + death

Stroke + death + MI

Stroke + death

Primary Endpoint

4 years

120 days

2 years

4 years

3 years

5 years

Follow-up
Period

5.2% in CAS, 4.5% in
CEA (p = 0.38)

7.4% in CAS, 4.0% in
CEA (p = 0.003)

6.8% in CAS, 6.3% in
CEA (p = 0.09)

9.6% in CAS, 3.9% in
CEA (p = 0.01)

4.7% in CAS, 9.8% in
CEA (p = 0.09)

10.0% in CAA/CAS, 9.9%
in CEA (p = 0.98)

Cumulative Incidence
of Adverse Events at
30 Days

7.2% in CAS, 6.8% in CEA
(p = 0.51)

8.5% in CAS, 5.2% in CEA
(p = 0.006)

9.5% in CAS, 8.8% in CEA
(p = 0.62)

11.1% in CAS, 6.2% in CEA
(p = 0.03)

24.6% in CAS versus 26.9%
in CEA (p = 0.71)

11.3% in CAA/CAS, 8.6% in
CEA (p = NS)*

Cumulative Incidence of
Adverse Events at Latest
Follow-Up

CAS equivalent to
CEA

CAS more risky than
CEA

Failed to prove
noninferiority of
CAS versus CEA

CAS more risky than
CEA

CAS not inferior to
CEA

Similar risks and
effectiveness for
CAS/CAA and CEA

Conclusion

* Ipsilateral non-perioperative stroke rate at long-term follow-up.

Trial names: CAVATAS, Carotid and Vertebral Artery Transluminal Angioplasty Study; SAPPHIRE, Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy; EVA-3S, Endarterectomy versus
Angioplasty in Patients with Symptomatic Severe Carotid Stenosis; SPACE, Stent-Protected Percutaneous Angioplasty of the Carotid versus Endarterectomy; ICSS, International Carotid Stenting Study; CREST,
Carotid Revascularization Endarterectomy versus Stent Trial.

Abbreviations: CAA, carotid artery angioplasty; CAS, carotid angioplasty and stenting; CEA, carotid endarterectomy; MI, myocardial infarction; NS, not significant.
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No. of
Patients

CAVATAS51
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Table 18.3 Major Randomized Controlled Clinical Trials Comparing Endarterectomy and Carotid Stenting for the Treatment of Symptomatic Carotid Stenosis
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death rate was high in both groups (10.0% for stenting vs.
9.9% for endarterectomy), and stenting was used only in
26% of the patients. Long-term results (median follow-up
of 5 years) assessed by determining the rate of non-perioperative stroke (greater than 30 days after the procedure)
did not differ between the CAS and CEA groups (1.4% vs.
1.1% per year, respectively),73 but the study itself was not
designed to detect a significant difference.
Since the completion of CAVATAS, carotid artery angioplasty and CAS largely replaced angioplasty alone, and distal embolic protection devices specifically engineered for
stenting procedures have been introduced. Subsequently,
European investigators have performed two randomized
controlled trials comparing carotid stenting to endarterectomy (EVA-3S and SPACE)8,9 and another trial was done
in the U.S. in patients with high risks for open surgery
(SAPPHIRE).5 All three trials were designed to test the
hypothesis that CAS was not inferior to CEA for treating
high-grade carotid stenosis. The SAPPHIRE trial was the first
large randomized study to use crush-resistant stents with
an embolic protection device.5 The trial recruited both
symptomatic and asymptomatic patients with high surgical risks (e.g., significant cardiac disease, recurrent stenosis, age older than 80, etc.), and used a composite endpoint
of death, stroke, or myocardial infarction within 30 days of
intervention or death or ipsilateral stroke up to 1 year postprocedure to test its noninferiority hypothesis. The authors
reported that the composite endpoint occurred less frequently in the CAS group (12.2% vs. 20.1%, p = 0.004 for
noninferiority), and concluded that CAS with an embolic
protection device was not inferior to CEA for high-risk patients with severe carotid stenosis. In a follow-up analysis,
there was again no significant difference in the cumulative
incidence of major cerebrovascular events between the two
groups 3 years after intervention.13
Although SAPPHIRE included both symptomatic and
asymptomatic patients, both European trials recruited only
patients with symptomatic carotid stenosis. The EVA-3S
study, conducted in France, was terminated prematurely
for reasons of safety and futility after enrollment of 527
patients.8 The authors reported a higher 30-day risk of
stroke or death in the CAS group compared with the CEA
group (9.6% vs. 3.9%, respectively, p = 0.01), and in a followup publication,14 a higher cumulative probability of periprocedural stroke or death and nonprocedural ipsilateral
stroke after 4 years in the CAS group was identified as well
(11.1% vs. 6.2%, respectively, p = 0.03). In addition, most
of the difference in cumulative outcome at 4 years could
be accounted for by the higher incidence of periprocedural
complications in the CAS group. The other European trial,
SPACE, was conducted in Germany during the same time
period.9 This study randomized 1,200 patients and reported a similar 30-day risk of stroke or death in the CAS
and the CEA groups (6.84% vs. 6.34%, respectively); however, it failed to prove noninferiority (p = 0.09), probably
because of small differences in outcome and an insufficient
number of patients. The long-term results showed that the
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cumulative risk of ipsilateral stroke or death up to 2 years
was again similar, but recurrent stenosis (> 70%) after initial treatment occurred more frequently in the CAS group
(11.1%) than in the CEA group (4.6%).12
Although neither EVA-3S nor SPACE proved the noninferiority of CAS compared with CEA, the data suggested that
the stroke risk after stenting was likely concentrated in
the periprocedural period, and that the mid- to long-term
recurrent stroke rate was low (approximately 1% per year)
regardless of the treatment selected. Both studies were
criticized for using a wide variety of stents and for including inexperienced neurointerventionists in the trial. Therefore, there was a strong demand for larger, more rigorously
designed trials to further assess the risks and benefits of
carotid stenting.

The Latest Clinical Trials
In 2010, the International Carotid Stenting Study (ICSS)
trial closed enrollment and an interim safety analysis16
was published. The study randomized 1,713 patients with
symptomatic moderate-to-severe carotid stenosis (> 50%)
in 50 centers, mostly in Europe. The investigators reported
that, within 120 days of intervention, the incidence of
stroke, death, or periprocedural myocardial infarction was
8.5% for the CAS group and 5.2% in the CEA group (p =
0.006). The individual risks of any stroke (7.7% vs. 4.1%,
p = 0.002) or all-cause death (2.3% vs. 0.8%, p = 0.017) were
both higher in the stenting group. Not surprisingly, the rate
of cranial nerve and wound complications was lower in the
CAS group. A subset of patients enrolled in the ICSS trial
participated in an imaging study that required them to undergo magnetic resonance imaging before and after treatment. Almost three times more patients were found to
have new diffusion-weighted-image bright, ischemic lesions
on posttreatment scans in the CAS group than in the CEA
group.74 The ICSS authors concluded that stenting carried a
higher periprocedural risk and that endarterectomy should
remain the treatment of choice for patients with symptomatic severe carotid stenosis.
The CREST is the largest randomized controlled trial of
these two approaches.4 The study randomized 2,502 patients with symptomatic or asymptomatic carotid stenosis
in 117 centers in the United States and Canada, and collected follow-up data for up to 4 years. The primary endpoint was again the composite of 30-day rates of stroke,
myocardial infarction, or death or ipsilateral stroke occurring after the periprocedural period. The study found no
statistical difference between the CAS and the CEA groups
(7.2% vs. 6.8%, respectively, p = 0.51). The risk of periprocedural stroke or death was higher in the CAS group (4.4%
vs. 2.3%, p = 0.005), whereas myocardial infarction occurred
more frequently in the CEA group (1.1% vs. 2.3%, p = 0.03).
When considering only the 1,321 symptomatic patients,
the risk of periprocedural stroke or death was also higher
in the CAS group (6.0% vs. 3.2%, p = 0.02). Nevertheless, if
myocardial infarction was included in the cumulative end-
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point, there was no significant difference between the CAS
and CEA groups (6.7% vs. 5.4%, respectively, p = 0.30). The
investigators concluded that, despite the higher periprocedural risk, carotid stenting could be a safe and effective
alternative treatment for carotid stenosis if performed by
sufficiently trained neurointerventionists.
The completion of these two large, multinational, randomized controlled trials fueled the latest debate about
stenting versus endarterectomy. These most recent studies
were well executed with overall low stroke rates in both CAS
and CEA groups, which suggests many technical advancements and improvements in medical management since the
publication of the NASCET.2 Both trials reported a higher
30-day stroke rate in the stenting group. The rate of myocardial infarction reported in CREST was much higher than
in the ICSS (42 cases, or 1.7% vs. eight cases, or 0.5%, respectively). This difference was likely due to different screening
criteria for periprocedural cardiovascular events; although
the CREST investigators routinely screened postoperative
cardiac biomarkers, those of the ICSS evaluated only patients with cardiac symptoms. Including myocardial infarction in the composite primary endpoint was controversial
and was different from earlier trials; nevertheless, the acceptably low stroke rate after stenting and its overall durability confirmed in CREST underlined the merit of CAS as
a stroke-prevention procedure. Additional subgroup analyses and risk stratification will provide further insights into
the proper patient selection and utilization of CAS.

The Relative Advantages and
Disadvantages of Each Approach
When results from all clinical trials are considered (Table
18.3), several preliminary conclusions can be drawn. The
periprocedural stroke rate for low- to medium-risk patients
with symptomatic carotid stenosis appears to be higher
with CAS than with CEA, a disadvantage that has been consistently demonstrated in four of the most recent randomized clinical trials (EVA-3S, SPACE, ICSS, CREST). In contrast,
CEA seems to carry a higher risk of periprocedural myocardial infarction, especially in high-risk patients. These data
should not be taken to suggest that the two forms of complication are equivalent; for example, CREST found that
major and minor strokes had a significant impact on physical health at 1 year, whereas myocardial infarction did not.
On the other hand, there has been a marked improvement in outcomes from CAS since the first randomized,
controlled trial, CAVATAS. The two most recent large studies (ICSS and CREST) reported outcomes after CAS similar
to the postoperative results in NASCET.2 Data from 2 to
4 years of follow-up also show that the additional stroke
risk after stenting is mostly periprocedural, and CAS is as
effective and durable as CEA for middle-term stroke prevention.4,14 These results collectively suggest that CAS
could be a reasonable choice for patients with symptomatic
carotid stenosis (> 50%) who may not be considered for surgery or who prefer to avoid open procedures. This is not an

inconsequential observation, because it has been reported
in other surgical specialties that patients, in general, choose
less invasive treatments,75–77 and such a mindset likely
exists in patients with symptomatic carotid stenosis.
Patients with coexisting conditions, such as severe cardiac or pulmonary disease, prior neck radiation, or recurrent carotid stenosis that could potentially increase surgical
risks, were excluded from most of the large clinical trials.
Although the results from SAPPHIRE indicate the noninferiority of CAS compared with CEA in treating high-risk
patients, the study included both symptomatic and asymptomatic patients. Additional investigation is necessary to
further establish risk-and-benefit profiles for symptomatic
patients with concurrent medical comorbidities, because
multiple studies after NASCET have shown that the most
frequent inappropriate indication for endarterectomy is
high comorbidity,78 and that patients with increased comorbidities have a higher perioperative risk of stroke and
death.78–81 In addition, despite the strong advocacy of Bookland and Loftus for using CEA in patients with recurrent
stenosis or prior neck radiation, CEA is certainly more technically difficult in such settings. Carotid stenting may provide a less invasive and safer alternative for patients with
these unfavorable preoperative risk profiles.

Provider and Institution Volume and the
Lessons of Clinical Trials
The most recent randomized clinical trials have similar
inclusion/exclusion criteria, and have focused on mediumrisk patients with moderate-to-severe symptomatic carotid
stenosis. The standardization of the trial design has made it
possible to apply the study results to most patients with
symptomatic carotid stenosis in the general population
who fit the inclusion criteria of the studies. Those with high
surgical risks, on the other hand, were not included in these
trials. In addition to this caveat, practitioner expertise may
be a challenging facet of the overall ability to generalize
the recently conducted trials. When studying evolving technology or cutting-edge techniques, an important aspect of
trial design is to ensure a common, high level of experience
and expertise in the study investigators. Hence, CREST used
a rigorous credentialing process for all interventionists in
the trial to ensure sufficient endovascular expertise in carotid stent placement, which was only loosely regulated in
other studies. However, the practitioner profiles of those
involved in the trial are not likely representative of the
wider community of neurosurgeons, vascular surgeons,
and neurointerventionists. Additional studies are therefore
needed before the results of CREST can be applied to the
general population. A similar phenomenon was observed
after NASCET and the Asymptomatic Carotid Artery Stenosis (ACAS) study legitimized and popularized endarterectomy for both symptomatic and asymptomatic patients with
severe carotid stenosis. Multiple subsequent populationbased studies showed that the outcome after CEA was
closely associated with provider and hospital volume.82–84
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Future Investigations
Although carotid endarterectomy is a mature procedure
that has been practiced and perfected for almost half a
century, carotid stenting is still in the developmental period. Better stent design and more effective embolic protection technology are crucial areas of future investigations.
For example, the currently available distal embolic protection devices were not uniformly shown to reduce the risk
of periprocedural stroke,74,85 and one study using Doppler ultrasonography reported that continued distal emboli
could be detected throughout the stenting procedure, despite placement of an embolic protection device.86 A newer
technology for proximal embolic protection has recently
been introduced. It simulates the antegrade and retrograde
blood-flow cessation achieved during CEA (common and
external carotid clamping) with balloon occlusion of the
common and external carotid artery before traversing the
stenotic lesions.87 This device has been used in Europe, and
a recently completed pivotal trial in the U.S. reported the
periprocedural risk of stroke and myocardial infarction to
be 2.7%,87 lower than that reported in CREST and ICSS.
Additional investigation is also needed to establish demographic and clinical parameters associated with complications after CAS stenting for better risk stratification and
patient selection. A recent subgroup analysis of the EVA-3S
trial, focusing on the anatomic and technical factors, found
that increased ICA to CCA angulation (> 60 degrees), leftsided CAS, and target stenotic lesions longer than 10 mm
were associated with higher periprocedural stroke or death
after CAS.85 In addition, both CREST74 and a recent metaanalysis88 of pooled data from ICSS, EVA-3S, and SPACE
reported that age was an important predictor of peripro
cedural stroke after carotid stenting. Older patients (> 70
years) were found to have a significantly higher risk compared with younger patients, most likely because of increased vascular tortuosity and the overall atherosclerotic
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burden that increases with age. These results need to be confirmed to refine the proper indications for carotid stenting.
There has been a growing demand to reassess the relative benefit of any form of intervention compared with the
best available medical management for carotid stenosis;
this may require a clinical trial that features a treatment
arm of aggressive medical therapy alone versus intervention. Given the convincing results from NASCET and ECST
and the substantial risk reduction provided through surgery, such a study is unlikely to be conducted on symptomatic patients with carotid stenosis. However, several recent
investigations suggest that the overall stroke risk from asymptomatic carotid stenosis, especially in women, is low if
the patient is under maximum medical management.89,90
Some stroke neurologists recommend revascularization for
patients with asymptomatic carotid stenosis only if carotid
ultrasonography shows plaque echolucency91 or trans
cranial Doppler detects microembolic events.91,92 A threearm randomized controlled trial in asymptomatic patients,
SPACE II, is ongoing and the results are anticipated in a few
years.93

Conclusion
We believe that endarterectomy and stenting are complementary, rather than competing, treatments for symptomatic carotid stenosis. As an evolving procedure, CAS is
undergoing the same process of technical refinement and
analysis that endarterectomy did several decades ago. Ultimately, it is important that clinicians neither dismiss stenting as an inferior choice compared with surgery nor claim
that stenting, at its current technical state, is a suitable
choice for all patients with carotid stenosis. A close collaboration between open and endovascular surgeons and additional bioengineering as well as clinical research should
be pursued to provide improved benefits to patients with
symptomatic carotid stenosis.
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Chapter 19

Treatment of Patients with
Trigeminal Neuralgia

Case
A 65-year-old woman had typical V2-V3 trigeminal neuralgia that became unresponsive to medical treatment. Magnetic resonance imaging of the head is normal, and the patient is in good health.

Participants
Balloon Compression Rhizotomy for Trigeminal Neuralgia: Jeffrey A. Brown
Microvascular Decompression for Trigeminal Neuralgia: Peter J. Jannetta
Radiofrequency Rhizotomy for Trigeminal Neuralgia: G. Robert Nugent
Stereotactic Radiosurgery for Trigeminal Neuralgia: Stephen J. Monteith and Jason P. Sheehan
Moderator: Treatment of Patientts with Trigeminal Neuralgia: G. Robert Nugent
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Balloon Compression Rhizotomy for Trigeminal Neuralgia
Jeffrey A. Brown
More than a dozen years have passed since the first volume of Controversies in Neurosurgery raised the issue of
treatment of trigeminal neuralgia (TN). At the time, I recommended percutaneous trigeminal nerve balloon compression. But now I suggest that treatment depends on a
number of factors. In this section, I outline why and for
which circumstances I recommend this procedure. I also
explain the circumstances for which I do not recommend
this procedure as my first choice.
I co-chair the TNA–Facial Pain Association (formerly
the Trigeminal Neuralgia Association), which serves as an
advocate for patients with TN and related facial pain conditions by providing information, encouraging research,
and offering support. My mission is to serve as a balanced
source of information for each patient, tailored to that patient’s personal needs. In this role, I am not an advocate of
any single surgical treatment for TN. Ideally, a neurosurgeon with knowledge of a wide range of medical and surgical options should evaluate the patient described in this
chapter’s case presentation.
Must medical management always precede any surgical
option? When can we conclude that medical management
has failed? One should increase the dose of carbamazepine
when it is used to treat facial pain, for example, until pain
relief or an average maximum maintenance dose of 600 mg
daily is achieved. Too rapid an increase can cause lethargy,
leading patients to assume that they have a drug intolerance. Nearly all patients taking carbamazepine report that
it reduces their ability to concentrate, to think, and to
react.1 Doses of carbamazepine greater than 600 mg per
day increase the risk of bone marrow suppression in addition to cognitive depression. Patients taking other anticonvulsant medications may reach tolerance levels because of
metabolic issues. High-dose treatment with oxcarbazepine
often causes hyponatremia. I do not recommend multiple
drug regimens. When a single anticonvulsant drug ceases
to be effective in alleviating classic TN pain, it is unlikely
that additional drugs will succeed without causing cognitive deficits. Furthermore, some patients may not tolerate
any anticonvulsant therapy and need to proceed to surgical
treatment.
Is a 65-year-old woman too old to undergo microvascular decompression (MVD)? Current thinking suggests evaluating the relative medical condition of the patient rather
than the absolute age. For example, a 63-year-old woman
with a previous stroke associated with atrial fibrillation
who is also on chronic anticoagulation therapy is at significant risk if she undergoes an MVD, or even balloon compression. The mean age at treatment in my series of patients
who underwent balloon compression is 68 years. Anti
coagulation is a significant issue in patients prone to TN.
Balloon compression, radiofrequency thermal rhizotomy,

and MVD require a temporary discontinuation of anticoagulation. Other comorbidities may increase the risk of
MVD. However, patients in their seventh decade of life may
still be reasonable candidates for MVD, especially given
their overall greater longevity.
The advantage of MVD is that the likelihood of recurrence requiring another surgical procedure and the risk of
associated postoperative numbness are lower than those
seen with ablative procedures. Older patients have larger
subarachnoid spaces and require less cerebellar retraction
to expose the trigeminal nerve. Technically, these circumstances simplify the surgery. However, the increased comorbidity in older patients may increase the morbidity of
MVD in older patients. Because of the reduced compliance
of the brain in older patients, there may be an increased
risk of postoperative subdural hemorrhage and headache
from pneumocephalus. No surgical series has shown these
outcomes, however.2,3 Indeed, the evidence suggests that
there is no increased morbidity in elderly patients undergoing MVD.
One of the advantages of balloon compression over radiosurgery, with either the CyberKnife or the gamma knife,
is that, in most situations, the pain is relieved immediately
after surgery. In some situations, when compression is mild
and the pain severe, the pain is not relieved for several days.
With MVD, pain relief is also immediate, although there is
no clear explanation for that immediate relief. Biopsies of
the trigeminal nerve from the site adjacent to the compressive vessel show demyelinization.4 How this causes pain,
and how removing a source of pulsating compression leads
immediately to pain relief, is unknown.
Is there an economic advantage to performing a percutaneous procedure? Balloon compression is an outpatient
or overnight-stay procedure, whereas the length of stay
after MVD is about 3 days. The length of stay is the most
significant economic force increasing health care costs. If
one assumes only a single procedure, then balloon compression is significantly less expensive. The recurrence risk
with balloon compression, however, is 25% in 3 to 5 years.
For MVD, the risk is 15% after 15 years. If one assumes an
additional 25% recurrence rate every 5 years with balloon
compression, and that such recurrence leads to a second
surgery, and that the cost of MVD is three times more than
that of balloon compression (because of the length of stay),
then the two procedures are approximately equal in total
cost after 15 years. Other factors, such as the cost of additional medications needed after recurrence, might further
equalize the costs involved. The economic analysis is more
complex than this, however. The present-day cost of a single operation may be less than the future costs of repeated
balloon compressions. This point only serves to equalize the
overall costs of the two operations.
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In a letter to me in 1993, William Sweet stated the fundamental argument in favor of balloon compression: “I can’t
accept treatment for a nonfatal disease which is accompanied by consistent mortality or major disability even though
rare, as in the case with microvascular decompression.”
There is a flaw in this logic, however. Balloon compression also has an associated mortality rate and a risk of
major disability. The risk is lower than with MVD, but present nonetheless. There have been deaths associated with
balloon compression.
What about the numbness associated with balloon compression? The incidence of bothersome numbness after
compression in my series of patients is 6%.5 MVD can cause
numbness, for example, because of nerve manipulation or
heat transfer during bipolar coagulation of a vein. In the
informed consent process, patients are essentially asked to
weigh the benefit from the reduced risk of major morbidity
or mortality of balloon compression against the discomfort
that results from persistent facial numbness, even though
mild. This is a form of behavioral economic decision making. Patients are weighing the value of initial pain relief,
without the additional pain and risk of MVD, against their
future risks of recurrent pain or need for surgery. In choosing between balloon compression and MVD, as “altruistic” neurosurgeons, we are evaluating personal, emotional,
economic, immediate, and future health concerns.6
Several scenarios would lead me to recommend balloon
compression for this patient as my first choice. I carry out
thin-cut magnetic resonance imaging (MRI) scans in my office as a part of the patient’s initial evaluation. The absence
of an obvious vessel associated with the trigeminal nerve
may lead me to recommend an ablative procedure. If the
patient’s pain is unremitting and he or she is unable to wait
for the effects of radiosurgery, then I would recommend
balloon compression. Pain relief is usually immediate. If the

pain is in the first division, then balloon compression may
be safer than thermal rhizotomy. Balloon compression selectively preserves the unmyelinated fibers that mediate
the corneal reflex, which limits the likelihood of corneal
anesthesia and visual loss when compared with thermal
rhizotomy.7 If the patient, because of cognitive issues, cannot cooperate with the surgeon to evaluate the site of stimulation or the extent of sensory loss intraoperatively, as is
done with thermal rhizotomy, then balloon compression
is easier. In general, balloon compression is easier to perform than thermal rhizotomy because it does not require
the patient to be awake during the procedure. If the patient
has already undergone MVD and reexploration, then I may
recommend balloon compression as the next procedure.
Reexploration after MVD is reasonable, especially if there
is a vascular association shown on thin-cut MRI scans. Patients may not be able to tolerate the thought of another
decompression. Balloon compression is reasonable in such
a situation.
The technique of percutaneous balloon compression has
been well described in previous publications5 (Fig. 19.1).
An important issue to consider is the necessity of continuing anticoagulation. Warfarin, clopidogrel, and aspirin must
be stopped before the patient undergoes balloon compression, and anticoagulation is restarted soon after surgery.
Determining when to restart anticoagulation is based on
how many times it was necessary to reposition the cannula
or balloon during surgery and whether there is blood seen
on postoperative computed tomography (CT) images.
Are there any situations in which balloon compression
is contraindicated? The patient with multiple sclerosis and
bilateral TN presents some difficulty. Here, the function of
the contralateral pterygoid muscle is important. Bilateral
pterygoid muscle weakness will make it difficult for the
patient to chew, but this weakness usually resolves within

Fig. 19.1 The lateral image intensifier view shows the correct
“pear shape” (arrow) of the balloon when properly inflated with
its tip positioned at the entrance to Meckel’s cave. If this pear

shape does not appear, there will not likely be adequate compression pressure to injure the large myelinated fibers of the trigeminal nerve.
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a month. Some patients cannot tolerate any lip or tongue
numbness. For example, a professional musician who plays
a woodwind or brass instrument could have difficulty with
such sensory loss. More important, however, is the safety
of discontinuing anticoagulation.

Despite these issues, balloon compression is a simple
outpatient procedure with low morbidity that remains a
mainstay in the treatment of patients with the debilitating
pain of TN. It is an option for every patient considering a
surgical procedure to treat this neuropathic pain.

Microvascular Decompression for Trigeminal Neuralgia
Peter J. Jannetta
Before surgeons found a way to apply the binocular surgical microscope to the operative treatment of TN, the treatment consisted of deliberate injury to the trigeminal nerve.
Historically, the nerve was sectioned or the peripheral
branches or ganglion injected with absolute alcohol. The
object of the therapy was to replace one symptom, pain,
with another, numbness.
In the winter of 1965–1966, I developed a microsurgical
procedure based on a clarification of the trigeminal nerve
anatomy partly described by Dandy. At the first operation,
performed with the assistance of John Alksne, the superior
cerebellar artery was seen to pulsate into and compress the
nerve. I said, “That’s the cause of the trigeminal neuralgia.”
My lack of understanding of the process of acceptance was
naive. But young and naive people see and do new things,
partly because they do not understand that something
cannot be done.
In The Structure of Scientific Revolutions, Thomas Kuhn8
clearly organized the sequence of thoughts in the trials and
assumption of new ideas. He was the first to describe the
paradigm shift, and he clarified the sequence elegantly. His
book should be read by anyone doing new work in science
or medicine. It generally takes 20 years or more for a new
paradigm to be developed and accepted. This time lag occurs as we wait for the old guard, to whom the new ideas
are anathema, to retire or die. The younger generation accepts the new paradigm as more profound and acceptable
than the old system of thought. But the better the new idea,
the longer it may take for acceptance.
The concept of vascular compression of the cranial
nerves and of treatment with MVD went through this annealing process before general acceptance. It can now be
safely said that, in many or most centers throughout the
world, MVD is the treatment of choice for TN. And yet, several areas of controversy remain. The following questions
are, in a sense, secondary and perhaps problem-solving
areas, or “normal science” as Kuhn described it:
Is TN always caused by blood vessels? Almost always.
The exception is that many patients with TN due to multiple sclerosis have a causative blood vessel in addition to the

sclerotic plaque in the root entry zone. The major question
is not, “Is there a causative vessel here or not?” but rather,
“Am I good enough to find all the causative vessels?”
Can the offending blood vessels be seen on a scan? We
obtain MRI scans not to see the offending blood vessel(s)
but to rule out congenital abnormalities such as a Chiari I
malformation, to find arteriovenous malformations, to see
arterial aneurysms, and to identify dolichoectatic arteries.
Even with advanced scanning techniques, the offending
vessel is often missed. We frequently see a larger artery
apparently compressing the nerve but find that a smaller
artery, arteriole, vein, or venule is the true cause. It is less
than smart to think that a blood vessel is not present and
causing TN just because one cannot see it on MRI. The eye
is a much better monitor than a scan.
Is the size of the blood vessel important? No, no, and no.
Are there subtle vascular compressions in TN that the
surgeon should understand? Yes. An artery or vein under
the ala of the cerebellum can be the only vessel or can contribute to the TN. Cerebellar support by a retractor can
move a blood vessel off the nerve, as can the drainage of
spinal fluid. I have seen four patients with a large vein inside the portio major, completely unexpectedly. A distal
crossing vein, which may be hidden under a bony enostosis
in dolichocephalic patients, may be missed. I occasionally
see patients who have had a “negative exploration” at a
prior operation have this vein.
Should neurophysiological monitoring be performed
intraoperatively? I use it. Although this operation can be
done without it, I prefer it and not just for teaching purposes. The use of auditory evoked potential monitoring
helps ordinary people like me to perform the MVD with
a clean and safe technique. MVD without monitoring may
be admirable to some, but I do not admire it. To extrapolate this thinking, one can do a vascular decompression of
a nerve without magnification but not very well. Surgical
progress implies that the difficult becomes common and
the extraordinary, ordinary.
What local care is necessary postoperatively? I do not
send patients to the intensive care unit. It is unnecessary.
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The patients are comfortable in a bed on a regular ward
and are ready for discharge the next day. I hardly ever have
to readmit a patient to the hospital.
Are there age restrictions regarding eligibility for MVD?
In general, no. Young children are usually misdiagnosed,
even by pediatric neurosurgeons. Our youngest patient
suffered the onset of typical TN at age 7 months. We saw
him at age 22 months, undernourished, undersized, underdiagnosed, and being fed through a gastrostomy tube.
Elderly patients generally tolerate MVD well. The rule is,
Do they have a 5-year estimated survival? Can they well
tolerate 2 hours of general anesthesia? It is not chronology
but general health that helps us make the decision regarding MVD.
What TN syndromes can be treated with MVD? Typical
TN is considered below. Here I discuss the variations. TN
can become “atypical” for several reasons. The first is
medication. Carbamazepine, the best of the anti-TN drugs,
may relieve lancinating pain, but a background continuous pain, usually burning in character, may persist. More
medication may stop the persistent pain. Other drugs may
also do this but much less frequently. TN of long duration
may convert from typical lancinating pain to constant
burning pain (modified TN). Those patients who never had
lancinating pain do not fare as well after MVD, and nothing
else helps them. We can relieve the pain in 40 or 50% of
these patients.
Is there a clinicopathological relationship in TN? Yes.
But it is not as clear as in the facial nerve (hemifacial spasm)
or the auditory nerve (vertigo, disequilibrium, tinnitus,
and hearing loss). In general, the clinicopathological relationships in TN are as follows:
•
•

•

•

Rostral compression, most frequently by the superior
cerebellar artery, causes V3 TN.
Lateral compression, by a downward and upward looping superior cerebellar artery or by a bridging vein, most
likely an aberrant trigeminal vein, especially in young
women, causes V2 pain.
Caudal compression, most frequently in elderly men
who are heavy cigarette smokers, causes isolated V1 pain.
An advancing length of a superior cerebellar artery loop
seems to be responsible for the spread of pain up the
face from V3 to include V2 and all divisions.
Distal compression of the motor-proprioceptive fascicles, usually by the superior cerebellar artery, causes
constant pain, usually burning in character. As this portion of the nerve is stretched by the artery, hyperactive
autonomic dysfunction may frequently occur. Over an
extended period, mild numbness becomes more prominent in the area of pain.

The technique and results of a retromastoid craniectomy and MVD have been well described,9,10 and the article
by McLaughlin and colleagues10 may be the best overview
of these techniques. The retromastoid incision, 3 to 5 cm
in length, must be placed posterior enough so that a good
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angle of sight into the cerebellopontine angle is achieved.
The craniotomy is placed high and lateral at the junction
of the transverse and sigmoid sinuses. The opening in the
dura mater, either curvilinear or with a T into the corner,
must allow exposure at the junction of the sinuses. The entire trigeminal nerve must be exposed and inspected. Both
arteries and veins may move out of position away from the
nerve because of the drainage of spinal fluid or retractor
displacement of the cerebellum.
The great majority of vascular blood vessels compressing the trigeminal nerve are overt and easily seen, whereas
5 to 10% are subtle. Many overt cases also have a secondary
subtle cause, and these must always be appreciated. A vein
or artery under the ala of the cerebellum, a very distal
crossing vein, and a venule or arteriole must all be evaluated and treated. Pontine surface veins may be the cause
of TN, more frequently in women than in men. Regrettably,
these pontine surface veins are prone to recollateralizing
after they have been coagulated and divided. This may
occur as early as 6 weeks postoperatively. An early recurrence of TN is most likely due to the recollateralization of
surface veins. Because the veins frequently lie under the
pia mater instead of truly in the subarachnoid space, elevation and decompression using soft implants is tedious and
difficult to perform without disrupting the integrity of the
vessel wall. We try to save these veins in every case and this
has reduced the early recurrence rate significantly. We do
cranioplasties using titanium mesh secured in place with
self-driving screws. This technique has decreased the incidence of chronic headaches, usually seen in 15 to 20% of
patients with preoperative posterior fossa/cerebellopontine
angle involvement, to virtually zero.
How do patients react to MVD for TN postoperatively? If
their TN is gone, they feel better than they did preoperatively just as soon as they are over the acute effects of anesthesia. They are usually ready for discharge on the first
postoperative day. If they do not feel well, they are hospitalized for another day. If they develop a severe headache, a
CT scan is done to rule out a blood clot or cerebellar swelling (very rare). Once the obstruction is cleared, a lumbar
puncture is done with a small needle. Any pressure above
100 cm H2O is dropped halfway to 100. The patients are
given one dose of dexamethasone (10 mg) parenterally.
They almost universally feel well very rapidly.
What are the principles of postoperative care? If patients have traveled to our center from a distant locale, we
see them on the fifth postoperative day before allowing
them to return home. Medications are decreased rapidly
starting immediately after surgery, except for carbamazepine. To prevent withdrawal symptoms, this drug must
be slowly decreased over a 10-day period after an initial
decrease to a small maintenance dose of 600 to 800 mg per
day. During the postoperative visit, we check for any hearing loss, most of which is mild, due to fluid in the middle
ear, and accompanied by a sense of fullness in the ear. This
may take 5 or 6 weeks to dissipate. The patients are told to
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call us if they have any problems, to let us know if they
move or change their phone number, and to e-mail or send
a card with a status report at Christmas. They are reminded
that the trip home will probably tire them out and that this

is normal. They are told that they can gradually increase
their activity to normal over a 6-week period. They need to
work up a sweat to the point of fatigue, and the best way
to do this is by walking vigorously, a la Harry Truman.

Radiofrequency Rhizotomy for Trigeminal Neuralgia
G. Robert Nugent
The pain of TN is so severe that many patients are satisfied
with any treatment offered, provided pain relief is the outcome. The surgeon’s predilection and experience, however,
often color the process of informed consent and predetermine the patient’s choice of therapeutic options. Naturally,
a neurosurgeon experienced in microneurosugery of the
posterior fossa might strongly recommend the surgically
challenging MVD to the patient presented in this chapter.
Currently, the MVD procedure is considered the treatment of choice for TN because it stops the pain without the
trade-off of numbness in the face. The second option is one
of the treatments aimed at inflicting some damage (at best
minimal) to the ganglion or retrogasserian rootlets to eliminate the pain. These include radiofrequency (RF) thermocoagulation, glycerol infusion, or balloon compression. The
third treatment option is the currently popular gamma knife
radiosurgery procedure.

The Radiofrequency Technique:
A Method
Here I present a case in favor of RF treatment, which argues
that most surgeons misuse this technique by making the
face too numb, believing that this is necessary to ensure a
good result. This is a self-defeating practice and often leads
to the patient’s dissatisfaction because of annoying dysesthesias in the face. Many surgeons do not realize that only
a minimal sensory deficit is necessary for lasting relief from
the pain. Only the RF technique, when properly performed,
permits control of both the location and extent of the deficit produced. The aim is to produce a mild degree of numbness in the face with which the patient can be comfortable.
The key word here is comfortable.
The indications for the RF procedure are similar to those
for other procedures aimed at creating some injury to the
trigeminal nerve. Patients must have true or classic TN because this procedure is definitely contraindicated in other,
atypical types of facial pain. Differentiating TN from other
types of pain should not be a problem because true TN is
one of the classic syndromes in all of clinical medicine. Patients with true TN have pain that is usually refractory to

medical management or they suffer from intolerable side
effects of such therapy. Those who have had a satisfactory
result from a peripheral block may opt for more permanent
numbness. Furthermore, some patients will not choose an
intracranial operation with its remote, but not insignificant, risk of complications. Finally, some patients simply
opt for a more benign, less time-consuming, and less expensive form of treatment.

Preliminary Considerations
The informed consent form for the RF treatment must specify the possibility of annoying dysesthesias in the face, the
worst of which is anesthesia dolorosa; recurrence of the
pain, requiring a second treatment; and the very remote
and unlikely possibility of visual impairment from inadvertent corneal anesthesia. Anesthetic safeguards must be in
place to prevent intracranial hemorrhage from the occasional reflex hypertensive bursts that may occur when the
foramen ovale is penetrated.
I have argued that the RF technique allows much more
control of the extent and location of the lesion than other
destructive techniques. This control is achieved through
the use of a small, angled electrode of 0.4 mm (Fig. 19.2).
Because lesions behind the gasserian ganglion are virtually
painless, or at least the pain is tolerable, lesions with this
small electrode can be made while the patient is awake.
It is thermal lesions in the ganglion and distal divisions of
the nerve that are intolerably painful. Of great importance,
therefore, is creating the lesion with its sensory deficit
while the patient is fully awake, permitting constant online
monitoring of the sensory deficit being produced and at
the same time protecting corneal sensation. By making
small incremental lesions, it is possible to “creep up” on a
moderate sensory deficit.
I do not use the larger temperature monitoring electrode that is popular with many because its heat reaches
the ganglion and the resulting pain requires that the patient be anesthetized. Furthermore, the required final temperature varies tremendously depending on where within
the retrogasserian rootlets the electrode tip lies. The lesion
develops at a lower temperature if the electrode lands ide-
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of facial numbness to be rid of the pain and the medication.
In our series of 1,456 patients, 6% found the numbness
“annoying,” but 53% of those patients who found the dysesthesias annoying also rated the overall results of the procedure as good to excellent. In our series, 0.7% of patients
described the annoying facial sensations as moderate to
severe, 3% described them as severe, and 0.4% described
them as intolerable.13 The proof that this is a satisfactory
treatment, however, is that most patients experiencing a
recurrence immediately request another RF treatment, and
many of my new patients come from referrals from satisfied patients.

Fig. 19.2 This small electrode enables lesions to be made behind the ganglion where the thermocoagulation is painless. The
electrode permits online evaluation of the location and the extent of sensory deficit while the lesion is being made. The angle
of the electrode introduces another parameter for localization in
the rootlets in addition to the mere depth of penetration.

ally in those rootlets. Sweet and Wepsic11 note that “the
necessary final electrode temperatures varied through an
amazing range from 47° to 108°C,” and Siegfried12 states
that the temperature at the tip of the electrode and the intensity of current show no consistent direct relationship.
Relying on temperature may lead to a lesion that is too
dense. Therefore, I am convinced that online monitoring
of the awake patient while the lesion is being made is far
more important than temperature monitoring.
The surgeon can prevent the spread of current into the
first division of the nerve by stopping the process when the
patient has a decreased blink response to eyelash stimulation. Monitoring the blink response is also important while
making lesions in the second division because, for reasons
unexplained, the first division fibers seem to be more sensitive to heat, and a lesion may be made in the first division
with no associated eye or forehead pain or discomfort. Consequently, it is possible to destroy the first division rootlets
without the surgeon or patient being aware of what is happening. With proper technique, corneal anesthesia can be
kept to an incidence of 3 to 4%. In our last several hundred
procedures, the rate of corneal anesthesia has been 2%. Of
patients with first-division pain (the pain is always triggered
by touching the eyebrow or hairline), 90% have been treated
satisfactorily, with only partially diminished corneal sensation. The technique is described in detail elsewhere.13 The
RF technique can indeed be indicated for the treatment of
first division pain.

Results
Experience with the RF procedure convinces one that most
patients with TN are glad to accept a “comfortable” degree

Microvascular Decompression
vs. Radiofrequency
Recurrence
The recurrence rate after the RF procedure should be 25 to
30%. Our 10-year recurrence rate is 27%, which could be
lower if we elected to make more dense sensory deficits.
The reported recurrence or failure rate for MVD in selected
series is as follows: 47% over 8.5 years,14 29%,15 28%,16
29%,17 and 30%.9 The recurrence rates, therefore, are similar
for the RF and MVD treatments. But a comparison should
not be made on the basis of recurrence because this is not
a critical issue with RF. If the pain recurs, the procedure is
simply done over again.

Deafness
In various series, the incidence of deafness on the side of
the MVD surgery was 8%,15 7.6%,16 4%,18 and 7%.19 As other
investigators have pointed out,18 this loss of hearing is not
related to the experience of the surgeon. One author with
extensive experience using the MVD operation has stated
that a 3% incidence of hearing loss is to be expected.20
Those with vast experience using the MVD approach will
have a lower rate. The online monitoring of hearing is controversial and not endorsed by all.
In 1977, Apfelbaum compared his patients’ satisfaction
with the MVD operation and RF ablation and found a preference for MVD. A total of 18% of his patients would not
have another radiofrequency procedure performed.21 But
this finding is not surprising because 15% of his RF patients
had a severe degree of numbness, 13% had corneal anesthesia, and 11% had anesthesia dolorosa or annoying dysesthesias. This finding merely tells us that, like others performing
the RF technique, he was making the face far too numb. No
wonder the patients did not like the RF operation. The procedure itself should not be blamed by those inflicting unwanted and unnecessary sensory deficits.
Vascular compression of the trigeminal nerve is the cause
of TN in many if not most patients, but the argument that
MVD has the advantage of treating the disease means little
to the patient who only wants pain relief.
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Glycerol vs. Radiofrequency
A major problem with glycerol treatment is that, although
it is neurotoxic, it is not neurotoxic enough to provide lasting pain relief. The failure or recurrence rate in some series
is reported to be as high as 57%, 72%, and even 90%.9,13–24
Paradoxically, however, glycerol may occasionally produce
dense and unwanted sensory deficits, including anesthesia
dolorosa (4.7% of patients24), anesthesia and keratitis (3.1%22),
facial anesthesia (7%25), and analgesia (8%26). In several series, corneal anesthesia occurred in 4%,24 7%,25 5%,27 and
14%28 of patients. Corneal anesthesia occurred in 3.5% of our
patients, but this was early in our experience when more
dense sensory deficits were intentionally the end point.
Because of the gliosis and scarring from the first glycerol injection, repeated injections often lead to more severe
sensory deficits, 50% after a second injection, and 70% after
a third.19–31 They are also more severe in patients who have
had a prior nonglycerol treatment.23,24,32
This approach is uncontrolled because the surgeon cannot be certain of the outcome after injecting glycerol into
the trigeminal cistern. The RF procedure offers a much more
controlled and predictable treatment than injecting glycerol into the cistern to see what happens. Both the patient
and the neurosurgeon should be prepared for some surprises when glycerol is used.

Balloon Compression vs. Radiofrequency
The overall results with balloon compression relate generally to how long and to what pressure the balloon is
inflated, and there is a considerable difference of opinion
with this approach. Annoying dysesthesias can occur in as
many as 12% of patients if the balloon remains inflated for
long periods of time,33 and, as with glycerol, facial numbness is more marked after a repeated balloon compression.34 There is nothing magic about balloon compression.
This technique is merely another method of injuring the

trigeminal nerve but, as with glycerol and gamma knife
treatment, the location and degree of sensory deficit cannot be controlled as well as with RF.

Gamma Knife vs. Radiofrequency
Many problems related to gamma knife treatment stem
from the variables in the reports of its results. These include variations in the dose (although 85 Gy seems close to
the best), and variation in the following items: the recurrence rate (18 to 25%), the output factors and isocenters
used, the definitions of “good” or “excellent” results, the
time at which postoperative results are tabulated, and
the site and length of the nerve treated.35 At this date, the
emerging consensus is that the most successful gamma
knife treatment, like the glycerol treatment, produces a
mild degree of sensory deficit in the face.36 But the gamma
knife treatment cannot control or predict the amount, if
any, of sensory deficit produced, as can be done with RF. As
yet, the gamma knife technique has not been standardized
to the extent that a minimal amount of numbness can be
consistently produced. In other words, you don’t know what
you are going to get.

Conclusion
I believe that surgeons who prefer other therapeutic approaches never learned to perform the RF procedure properly and generally create too much sensory deficit. Those
who have developed skill and experience with the technique share the conviction that it is an excellent treatment.
I disagree with those who believe that RF offers a cure only
at the expense of an unacceptable trade-off of permanent
numbness in the face.37 Those treated with RF are generally
among the most grateful and appreciative patients a neurosurgeon has the pleasure of treating. A properly performed
RF procedure offers a simple, quick, safe, and economical
way of relieving the worst pain that patients can suffer.

Stereotactic Radiosurgery for Trigeminal Neuralgia
Stephen J. Monteith and Jason P. Sheehan

The History of Radiosurgery for
Trigeminal Neuralgia
From the inception of radiosurgery, Lars Leksell realized
its potential to treat pain, and he initially used an orthovoltage stereotactic technique to treat patients with TN,
with some relief of symptoms.38 It was some 20 years later
that the gamma knife was developed and used for gamma
thalamotomies in patients with tremor or intractable

pain. But the use of the gamma knife for patients with TN
fell out of favor in the 1970s and 1980s due to difficulties
in localizing the gasserian ganglion with X-rays alone.
Thus, radiosurgery for TN was replaced with new painmodulating drugs and minimally invasive percutaneous
techniques. With the development of high-resolution
MRI, however, the trigeminal nerve was easily visualized,
and interest in gamma knife radiosurgery for TN was
rekindled.
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Fig. 19.3 T1-weighted magnetic resonance imaging (MRI) showing the gamma knife dose plan for a patient with trigeminal neuralgia. The nerve is targeted with a single 4-mm isocenter. The yellow circle represents the 50% isodose line.

Targeting
The first step in targeting for radiosurgery is obtaining
adequate images to visualize the trigeminal nerve and the
nerve root entry zone. Typically, MRI is done with at least
a 1.5-tesla system. Critical structures are identified with
T1-weighted, T2-weighted, and fast spin-echo sequences
(Fig. 19.3). Constructive interference in steady state (CISS)
sequences can also help delineate the trigeminal nerve,
particularly after previous neurosurgery (Fig. 19.4). Axial
sequences are most important, but coronal images may
identify the nerve. Gadolinium administration and threedimensional reconstructions can also be done to help identify the target. CT with or without cisternography can be
used in patients who cannot undergo MRI scanning (for
example, those with a pacemaker).
Once the trigeminal nerve is identified, the surgeon
must be cognizant of variations in the patient’s anatomy.
Longer cisternal segments may allow for a minimal dose
to the brainstem or eliminate the need for blocking or
beam shaping. The converse is true with shorter cisternal
segments, and the resultant dose to the brainstem may

be higher. Compensatory measures, such as adjusting the
gamma angle of 110 degrees, may be taken to align the isocenter with the axis of the trigeminal nerve, thereby minimizing the dose to adjacent structures.
Once the nerve is clearly delineated, a target must be
chosen. Controversy surrounds whether the nerve should
be targeted more proximally or distally.39,40 The rate of pain
relief appears to be higher when the target is closer to the
brainstem, but the trade-off is a higher rate of compli
cations when the brainstem receives a higher dose. Dose
selection has also been an area of debate. Typically, doses
of 70 to 85 Gy are used (Table 19.1),40–62 and rates of pain
control increase when higher doses reach the brainstem.
However, doses greater than 90 Gy have been associated
with an unacceptable rate of complications; therefore, the
dose should be kept below this level. Impingement on the
trigeminal nerve by an adjacent vascular structure has long
been postulated as the pathophysiological mechanism in
TN. But a recent study has shown that patients with vascular impingement seen on MRI were more likely to improve
if the radiosurgical target was closer to the site of neurovascular contact.63
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Fig. 19.4 The constructive interference in steady state (CISS) sequence MRI clearly delineates the cisternal segment of the trigeminal
nerve. CISS sequencing can be particularly helpful in patients with prior surgery of the affected trigeminal nerve.

Rationale and the Factors Related to
Successful Treatment
Radiosurgery is often used as a salvage treatment for patients in whom minimally invasive percutaneous treatments
or MVD have failed. However, patients treated with radiosurgery in whom MVD has failed may have higher rates of
recurrence, with some studies reporting 60% of treated patients maintaining complete pain relief at 1 year, dropping
to 33% at 5 years.60 In addition, Régis and colleagues40 reported that the chance of pain relief at 1 year for patients
who did not have previous surgery was 88%, compared
with 82%, 80%, and 75% in patients with one, two, or three
prior surgical interventions, respectively. Kondziolka and
associates41 similarly found that a higher number of prior
procedures was a predictor of poor long-term results after
radiosurgery.
The presence of atypical facial pain is also a negative
prognostic factor.41 Maesawa and coworkers60 found that
44% of patients with atypical pain improved compared
with 84% of patients with typical pain. Reports of age as
a predictor of treatment success have been mixed. Pollock
and colleagues59 found that a younger age was favorable.

The series by Régis and associates,40 however, found that
patients younger than 60 years fared worse (56% were pain
free compared with 91% of older patients).

Results and Follow-Up
Patients should be followed up clinically at 3- to 6-month
intervals and with MRI scans at 6 to 12 months after radiosurgery. MRI and clinical examination are necessary to
detect recurrent disease as well as radiation-induced complications. Clinical examination of the trigeminal nerve
should be done carefully, as nerve function can be helpful
in predicting patient outcome. Some mild degree of facial
sensory loss is associated with the pain relief after radiosurgery. Similarly, patients with trigeminal deficits are more
likely to have excellent pain relief, compared with those
with normal nerve function after radiosurgery.41,59
Although MVD remains the treatment of choice for TN,
gamma knife surgery may be appropriate for patients who
are unable or unwilling to undergo open surgery. A summary of results from current series in the literature is presented in Table 19.1. The highest rate of pain control was
achieved by Régis and colleagues,40 in which 97% of patients
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had an excellent or good response at their last follow-up.
Typically, there is a delay of several weeks before pain is relieved. Fountas and associates43 reported a response within
3 weeks, and Pollock and coworkers59 within 2 weeks. However, a latent response has been reported up to 8 weeks
after surgery. This delay must be kept in mind when counseling patients about their options for treatment, especially
for patients suffering a severe acute attack.
In the series from the University of Virginia, 151 cases of
TN were treated with the gamma knife and had appropriate follow-up. The chosen target was 2 to 4 mm anterior to
the entry of the trigeminal nerve into the pons. The procedure was done twice in 14 patients and three times in one
patient. Of the 151 patients, 122 had typical TN. The maximum dose delivered to the target ranged from 50 to 90 Gy.
The mean time to pain relief was 24 days, but this time period was highly variable (1–180 days). Twelve patients (9%)
developed new facial numbness as a result of treatment. Of
the total group, 90%, 77%, and 70% of patients had some
improvement in pain at a follow-up of 1, 2, and 3 years, respectively. At the same time points, respectively, 47%, 45%,
and 34% of patients were completely pain-free without
medication.49

Complications
Potential complications of stereotactic radiosurgery include
changes in brain parenchyma (both reversible and irreversible), radiation-induced neoplasia, and vascular injury. The
surgeon should also be vigilant for facial numbness and
anesthesia dolorosa. Rates of new trigeminal dysfunction
range from 6 to 66% (Table 19.1). The study by Pollock and
associates59 found that 54% of patients treated with 90 Gy
developed facial numbness compared with 15% of patients
treated with 70 Gy. Anesthesia dolorosa and an absent
corneal reflex are reported only rarely. Some authors have
noted an increased risk of facial numbness after repeated
gamma knife radiosurgery,64,65 whereas others have not
shown any difference.66

Recurrence and Retreatment
Recurrence rates after radiosurgery for TN range from 5 to
46% (Table 19.1). If a patient’s pain recurs, it may be reasonable to offer retreatment with radiosurgery. Two groups
of authors found that patients who had initial success
where likely to benefit from repeated treatment.59,60 A longer duration of effect after initial treatment may also predict a greater chance of improvement with retreatment.
The target for retreatment remains an area of controversy.
Shetter and colleagues65 and Pollock and associates59 report using a 4-mm collimator shot targeted in the trigeminal nerve at its juncture with the brain stem. In contrast,
Hasegawa and associates64 use a single 4-mm collimator
anterior to the portion of the trigeminal nerve targeted in
the previous treatment, so that a greater length of nerve is
treated without increasing the total dose to the brainstem.
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Patients undergoing retreatment are less likely to have
enough pain relief to completely discontinue pain medications. Reasons for this outcome may include factors specific
to the patient, more severe disease, or more conservative
dosimetry in treatment planning.

Rationale for Choosing Radiosurgery
or Surgery
Microvascular decompression remains the gold-standard
treatment for patients with TN. Barker and colleagues9 reported complete pain relief in 70% of patients who underwent MVD, with a follow-up of 10 years. The follow-up
period for the radiosurgical series is not so long; therefore,
a direct comparison is difficult. Pollock and associates59 reported a 67% rate of complete pain relief at 1 and 3 years,
whereas Maesawa and coworkers60 observed a 70% rate of
complete pain relief at 9 months and 5 years.
Clearly, the major disadvantages of radiosurgical treatment are the rate of recurrence and the delay in onset of
pain relief. Until long-term follow-up is available, MVD
should remain the first line of treatment for patients who
can and are willing to undergo the operation because of the
durability of its treatment effect. For those unwilling or unable to tolerate the open operation, radiosurgery is an appropriate alternative to percutaneous techniques. Surgical
risk after initial MVD is significantly higher. For this reason,
patients who have recurrent symptoms after initial MVD
may also be considered candidates for radiosurgery. However, both the patient and the physician should be aware
that radiosurgery after previous treatment will have a lesser
chance of long-term success than an initial treatment.
Stereotactic radiosurgery was introduced as a minimally
invasive alternative for patients with TN. For the patient
described in this chapter’s case presentation, stereotactic
radiosurgery is a very appealing treatment approach. The
operative risks associated with her age and the absence of
neural impingement noted on MRI make MVD less attractive. If the patient can be given medications to make the
neuralgia tolerable, the immediate relief afforded by percutaneous ablative procedures is not required. Moreover, such
ablative approaches inherently have more up-front risks
than radiosurgery and often obscure the neuroanatomy,
making targeting more difficult should a subsequent stereotactic radiosurgery be required.
Radiosurgery has a high likelihood of ending or significantly relieving pain, and a radiosurgically induced decrease in pain is not necessarily accompanied by diminished
sensation. Overall, this procedure has the safest side-effect
profile of all neurosurgical options, and the ease of repeated
application should the pain recur is attractive to patients
and clinicians. Furthermore, radiosurgery does not burn
bridges that would preclude other neurosurgical procedures from being done if radiosurgery simply did not work.
As such, stereotactic radiosurgery is the recommended initial neurosurgical approach for this 65-year-old woman
with medically refractory TN.
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Conclusion
Microvascular decompression remains the gold-standard
treatment for TN. Radiosurgery should be considered an
option for patients who are not candidates for MVD, or in
whom MVD has failed. Patients with typical facial pain are

more likely to achieve remission compared with those with
atypical pain. Target selection and dose remain topics of
debate among neurosurgeons. Follow-up with MRI and clinical examination is necessary to detect recurrent disease as
well as radiation-induced complications.

Moderator
Treatment of Patients with Trigeminal Neuralgia
G. Robert Nugent

Things We Think We Are Sure About
Regarding Trigeminal Neuralgia and
Its Treatment
The first thing we think we know is that surgery should be
reserved only for those whose pain becomes refractory to
medication. But what answer do we have for patients who
ask, “Why did you put me on that medication for all those
years that cost so much, upset my stomach, and made me
goofy, when you could have done the surgery that cured
me earlier?”
The MVD procedure is considered the treatment of
choice because it treats the cause of the pain and produces
no numbness in the face. But are there some surgeons who
prefer this operation because it is technically more challenging, more of a “fun” operation, and also generates a
more handsome income than the more minor procedures?
It is generally accepted that MVD is indeed the treatment of
choice, but not everyone is a candidate, so other options
become important and necessary.
If microvascular compression of the nerve is the cause
of the pain, why are spontaneous remissions early on so
common? And, how come even Jannetta has a 30% recurrence rate at 10 years? The inert foreign body is still there
on the nerve. Jannetta believes that recurrence is most
often due to the recanalization of veins around the nerve,
but, in the experience of many, veins are far less a cause of
compression than arteries.

Things That We Are Not Sure About
For the gamma knife treatment, the correct dosage, the
ideal target site (more proximal or distal), the best isocenter, and so on, vary from series to series with no uniform or
standardized policy that emerges as a sound guideline. The
discussion by Monteith and Sheehan in their section nicely
reviews the wide discrepancy in techniques and results
reported in the literature so far. Similarly, the reported results of radiofrequency ablation vary tremendously from

series to series because of the different techniques used
and the different attitudes about how much numbness is
required for a cure. Many clinicians do not appreciate that
less numbness is better than more.
What is the cause of TN when no vascular compression is
found? Confounding the cause is the observation that there
is a familial incidence of TN in which the pain is bilateral in
18 to 20% of patients, tends to involve the same side and
same division in the same family, and the onset is earlier,
averaging 44.4 years.67 Something strange is going on here.
I am impressed that the overall recurrence or failure rate
for all surgical or ablative treatments seems to hover around
30%. Is there some bio-anatomic underlying defect in the
myelin or other factors in these patients, perhaps inherited,
that ultimately leads to failure? Do surgical procedures only
temporarily influence a complex set of factors involved in
causing the disease? And what do we do when we find no
vascular compression of the nerve? Some elect to section
part of the nerve. Others injure the nerve by pinching it
with forceps or rubbing it with an applicator stick.

Things That I Think I Am Sure About
The best long-term results with any of the ablative procedures, and the gamma knife treatment is one of them,37
occur when a minimal sensory deficit is produced in the
trigger area. This being the case, the ideal treatment should
be the creation of this sensory deficit. The gamma knife,
glycerol infusion, and balloon compression procedures are
unable to do this in a controlled fashion. With each, the
nerve as a whole is unselectively treated in a hopeful fashion. The result is always in doubt, and unwanted sensory
deficits always a possibility. This is in contrast to radio
frequency ablation where, with a small, angled electrode
placed in the retrogasserian rootlets behind the ganglion,
the lesion can be made while the patient is awake, enabling
constant online monitoring of the location and extent of
the sensory deficit being produced. With multiple small,
incremental lesions, one can creep up on a minimal deficit
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with which the patient is comfortable. What is the end
point? It is the loss of a one-point light touch of a corner of
facial tissue but appreciation of the drag of the tissue. At
this point, there is some decrease in pinprick but not analgesia.68 This approach produces lasting relief of the pain
and a very satisfied patient. Watching the blink reflex in the
awake patient while the lesion is made allows safe treatment of first-division pain and triggering, which is always
through touching the eyebrow or hairline.
In the whole spectrum of TN, there is a small number
of patients, perhaps 5%, in whom cure is most difficult to
achieve regardless of the kind and number of treatments
used. These patients must be recognized and included when
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looking at any long-term results. TN in patients with multiple sclerosis is most difficult to cure and the usual techniques should be altered to allow the creation of dense
sensory deficits, or early recurrence is assured. In my opinion, all treatments of atypical pain should be excluded from
TN treatment series. Inclusion does nothing but cloud and
distort the issue. It is an unrelated disease process in most
cases.
In the final analysis, however, there are several ways to
skin the TN cat. Even when the recurrence rate is as high as
50%, the other 50% of patients have been cured. One does
what one does best. As in other areas, there is nothing like
experience.
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Chapter 20

Treatment of Intractable Facial Pain

Case
A 50-year-old man underwent resection of a petroclival meningioma. Three months after surgery, he
began to have facial pain that was persistent and increasing, associated with dysesthesia, and intractable
to all forms of medical treatment.

Participants
Percutaneous Descending Trigeminal Tractotomy–Nucleotomy for Intractable Facial Pain: Yucel Kanpolat
Central Neurostimulation for Intractable Neuropathic Facial Pain: Esmiralda Yeremeyeva, Chima Oluigbo,
and Ali Rezai
Moderator: Treatment of Intractable Facial Pain: Kim J. Burchiel
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Percutaneous Descending Trigeminal Tractotomy–Nucleotomy
for Intractable Facial Pain
Yucel Kanpolat
In the 1996 edition of Controversies in Neurosurgery, three
great masters of neurologic surgery—Schvarcz,1 Burchiel,2
and Gybels3—provided some unique recommendations for
a patient with neuropathic pain after the removal of a petroclival meningioma. With my 40 years’ experience in
medical pain practice, I would emphasize the following
points regarding this problematic case:

2. Peripheral lesions are usually contraindicated and
worsen the neuropathic pain; thus, they are useless.
3. The efficacy of stimulation is unsatisfactory.
4. Tractotomy-nucleotomy is preferable for such patients
as a first step. If it is only partially effective, a nucleus
caudalis dorsal root entry zone (DREZ) lesion can be
created as a final stage.

1. Drugs usually fail to resolve neuropathic pain; nevertheless, I still recommend antidepressants or gabapentin for such patients.

The practice of central lesioning of the trigeminal tract,
which contains the fibers of the fifth, seventh, ninth, and
tenth nerves of pain areas, was initiated by Sjöqvist4 in 1938

Fig. 20.1 Schematic drawing of the percutaneous puncture of the occiput-C1 level 6 to 8 mm lateral from the midline, and the targetelectrode relationship and main anatomic structures in the percutaneous tractotomy-nucleotomy.
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and designated as trigeminal tractotomy. The procedure was
done as open surgery. In 1970, Hitchcock5 described a stereotactic percutaneous trigeminal tractotomy, and in 1972,
Crue and colleagues6 published their description of radiofrequency trigeminal tractotomy. In view of the lesioning
of the oral pole of the nucleus caudalis, the procedure was
termed trigeminal nucleotomy by Schvarcz (personal communication, 1993).7,8 Sindou9 performed lesioning of the
substantia gelatinosa and named the procedure selective
posterior rhizotomy. Nashold and associates10,11 used the
procedure with radiofrequency electrodes and named it the
DREZ operation. In 1987, Bernard and colleagues12 described
the procedure as nucleus caudalis DREZ lesions. I began to
use computed tomography (CT) imaging in the practice of
destructive pain procedures and CT guidance for lesioning
of the trigeminal tract and nucleus.13–17 Over a period of 23
years (1988–2011), I performed 95 trigeminal tractotomynucleotomy procedures in 80 patients and 13 nucleus
caudalis DREZ operations in some special pain cases.17
Tractotomy-nucleotomy was used as a special method for
understanding the benefit of the nucleus caudalis DREZ operation. In 12 of the 13 patients undergoing the nucleus caudalis DREZ procedure, trigeminal tractotomy-nucleotomy
was effective, but not sufficiently so, and I decided to carry
out a nucleus caudalis DREZ operation in these patients.17
Although Schvarcz used the term trigeminal nucleotomy,
as noted above, I believe the term tracto-nucleotomy is
more appropriate, and it has been used by many authors. In
the brainstem, the spinal trigeminal nucleus is in close
proximity to the descending trigeminal nucleus. We know
that lesioning of the system affects not only the oral pole of
the trigeminal nucleus but also the descending trigeminal
tract. For this reason, the term trigeminal tracto-nucleotomy
is more accurate.
The procedure is done with the patient lying face down,
and a posterior approach is preferred (Fig. 20.1). The target
is located at the occiput-C1 level. The needle or cannula is
inserted either freehand or stereotactically 6 to 8 mm from
the midline at the occiput-C1 level. The neck is flexed and
the target is one third of the lateral part of the ipsilateral
upper spinal cord. The depth of the electrode is planned
according to the diametral measurements of the spinal
cord in this region, 3 to 3.5 mm from the posterior surface
of the spinal cord. This method has been described previously.13–17 The first part of the procedure entails localization of the needle electrode system morphologically; after
the morphology is determined, the physiological part of
the procedure becomes crucial (Fig. 20.2). The lesion side
is chosen through stimulation, with the first branch of the
trigeminal nerve at the most distant point anteriorly and
the seventh, ninth, and tenth nerves at the most distant
point posteriorly. Stimulation and impedance measurement
are mandatory at this point. Impedance is usually more
than 1,000 Ohm and the stimulation parameters are started
from the lowest level: 2 to 5 Hz, 0.03 to 1 V. The procedure
is painful, and patients sometimes cannot tolerate the high
standard-frequency electrical stimulation.

The final stage of the procedure is lesioning. The surgeon must remember that lesioning of the nucleus caudalis
or descending trigeminal tract is painful. As the patient cannot tolerate high standard lesions, Schvarcz recommended
that I elevate the caudal extent of the curved electrode tip
in an upward and downward motion. However, I have been
unable to use the technique because of my own lack of sufficient experience in this regard.
Over the past 23 years, I have performed 95 procedures
in 80 patients. Most of them had craniofacial cancer pain,
atypical facial pain, and glossopharyngeal, geniculate, and
vagal neuralgias. Definitive diagnoses included 17 patients
with craniofacial cancer pain, 15 with atypical facial pain,
four with geniculate neuralgia, and 17 with glossopharyngeal neuralgia. The rest of the patients had mixed pain and
were not given one definitive final diagnosis. In this group,
there was only one neuropathic pain problem immediately
after the removal of a petroclival neurofibroma from the
cerebellopontine angle. The diagnosis was neuropathic pain,
and the procedure was not effective.
As a last choice, we performed 13 nucleus caudalis DREZ
operations. In 12 of them, the tractotomy-nucleotomy
was effective. Based on this result, we can state that, if the
tractotomy-nucleotomy is effective, there is hope that the
nucleus caudalis DREZ lesion will be even more effective.
I consider the tractotomy-nucleotomy as my first-line destructive procedure in this neuropathic central pain condition. If the procedure is only partially effective, I can use
nucleus caudalis DREZ lesioning for further efficacy.

a
Fig. 20.2a–c The percutaneous approach to the occiput-C1
level in the trigeminal tracto-nucleotomy. (a) Lateral scanogram
of the procedure. (continued on next page)
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b

c

Fig. 20.2a–c (continued ) (b) Final position of the cannula. (c) Final position of the electrode.

The presented case represents the most problematic type
of patient in neurosurgical practice, and there is no standard algorithm for treatment decisions. Based on my per-

sonal experience, I recommend tractotomy-nucleotomy for
such patients. If it is only partially effective, as a final procedure I would recommend a nucleus caudalis DREZ lesion.

Central Neurostimulation for Intractable Neuropathic Facial Pain
Esmiralda Yeremeyeva, Chima Oluigbo, and Ali Rezai
Chronic neuropathic pain has a significant impact on the
quality of life of 70 million Americans.18 The economic
burden of chronic pain is reflected in health care costs,
missed work days, and high unemployment rates. Patients
with chronic neuropathic pain experience a substantially
lower health-related quality of life than the general population.19
Chronic neuropathic pain is mainly characterized by a
constant pain often accompanied by amplified responses
to both noxious and nonnoxious stimuli. It results from a
lesion anywhere in the afferent nociceptive pathways. Associated symptoms may be negative (hypoesthesia, hypoalgesia) or positive (sensitivity to cold or heat, hyperalgesia,
paresthesias, allodynia).20
Pain to the face can be referred, but most pain sensation
is through the trigeminal nerve, which provides the sensory innervations to the face.21 The causes of intractable
neuropathic facial pain are numerous—tumors, the herpes
virus (shingles), malignant or benign neoplasms, multiple

sclerosis, infections, sarcoidosis, orofacial surgery—or they
may be idiopathic. In contrast to trigeminal neuralgia,
neuropathic facial pain is continuous, burning, or aching,
although there are some fluctuations in the severity. Because the sources of pain can be various or even unknown,
it is particularly hard to treat this pain with medication.
According to Burchiel’s22 new classification of facial
pain, classic trigeminal neuropathic pain (TNP) is a consequence of an accidental injury to the trigeminal nerve, for
example, from trauma or surgery. Deafferentation facial
pain results from intentional injury to the nerve through
ablative procedures, with the goal of treating trigeminal
neuralgia or neuropathy. Other types are trigeminal postherpetic neuralgia in a dermatomal distribution, facial pain
from multiple sclerosis, and atypical facial pain, which is
secondary to a somatoform pain disorder.22
Various mechanisms may be responsible for the development of chronic neuropathic pain and its accompanying
negative and positive symptoms. Wallerian degeneration
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and its consequent surrounding inflammation upregulate
receptors for neurotrophic factors and cytokines, thus increasing the excitability of the primary sensory neurons.
This phenomenon creates an exaggerated response to the
peripheral stimulus and manifestations of allodynia and
mechanical hypersensitivity. Another effect of peripheral
nerve injury is the development of new contacts between
the sensory neurons and the sympathetic nervous system.
This development has been shown in two investigations
in which α2-subtype receptors, which are normally present
on dorsal root ganglion sensory neurons, were increased in
models of peripheral nerve injury.23,24 The connectivity of
sensory afferents may also be abnormal because of novel
synapse formation in the dorsal horn.25
Opioid medications are generally not effective for treating patients with chronic neuropathic pain, and there have
been relatively few new alternatives, such as antiepileptics
and antidepressants. Clinical trials show that pharmacotherapy in clinical practice offers only 40 to 50% symptomatic pain relief and no changes in the pathophysiology of
the disease.26

Fontaine and associates30 in their review of 244 MCS studies of chronic neuropathic pain (1991–2006). Despite this
growing interest, the exact mechanism of action is still unknown. Positron emission tomography studies of patients
undergoing MCS implicate the thalamus as the key structure mediating functional MCS effects.31,32 One hypothesis
derived from functional studies is that descending axons
activated by MCS from the motor and pre-motor cortices in
turn activate thalamic nuclei, which cycle with other painrelated structures receiving afferent pain perception, such
as the medial thalamus, anterior cingulate cortex, and upper
brain stem.31,32 Another hypothesis points to an increase in
the secretion of endogenous opioids triggered by chronic
MCS.33
Motor cortex stimulation is mainly used to treat central
thalamic pain, TNP,30 and, less so, peripheral neuropathic
pain. Other indications reported in the literature include
phantom limb pain, brachial plexus avulsion, spinal cord
injury, post-herpetic neuralgia, and peripheral nerve lesions, including nerve root or nerve trunk pain related to
previously excised tumors.34–39

Surgical Intervention

Surgical Technique

Several neuromodulation surgical options, such as central
and peripheral stimulation, exist. In this section we focus
on two central neurostimulation modalities used to treat
neuropathic facial pain: motor cortex stimulation (MCS)
and deep brain stimulation (DBS). The general surgical
approach in patients with chronic neuropathic pain must
be done by a multidisciplinary team that includes a pain
specialist, who assesses the patient first and ultimately exhausts all the medical options; a neuropsychologist, who
determines if there is significant cognitive impairment and
active psychiatric issues; and a neurosurgeon. A social support system is imperative in caring for these patients postoperatively as well.

Recording a detailed history of the patient is imperative to
confirm the diagnosis, and a neuropsychological evaluation
must be done to determine the presence of ongoing uncontrolled depression, anxiety disorders, substance abuse, or
other major psychological issues, which must be addressed
and stabilized before surgery. The patient should understand that a trial period of several days with the electrodes
is required. A positive response must be at least a 50% reduction in pain; if the pain is not reduced during the trial,
the electrodes are removed without further consideration
of MCS. The general sequence of events is preoperative
localization of the motor cortex, intraoperative electrophysiological mapping of the face area of the motor cortex,
implantation of the MCS electrodes followed by an externalized MCS trial, and then internalization of the system
after a successful trial.
The face area of the motor cortex can be localized
through a fusion of preoperative images with the neuronavigation system, which enables anatomic localization of
the motor cortex. Functional magnetic resonance imaging
(MRI) and transcranial magnetic stimulation may also be
used (Fig. 20.3). Electrodes may be placed through bur holes
or a small craniotomy. A craniotomy may allow a more accurate intraoperative electrophysiological evaluation. The
procedure is done with the patient either under general
endotracheal anesthesia or, in some centers, awake under
monitored anesthesia care. Paralytic agents are not used, as
they block the electromyographic responses used for electrical cortical mapping. The patient’s head is fixed with a
three-pin headholder to eliminate motion and to allow the
use of the frameless navigation system. The outline of the
precentral gyrus is projected onto the scalp with preoperative imaging fused with the neuronavigation system, and

Motor Cortex Stimulation
Background
In 1991, Tsubokawa and colleagues27 attempted to stimulate the sensory and motor cortex as components of the
somatosensory pathway and noted efficacy from stimulation of the motor cortex. In their cat model, stimulation of
the motor cortex completely and persistently inhibited the
burst hyperactivity of thalamic neurons. They theorized
that thalamic pain syndromes can be addressed through
chronic stimulation of the motor cortex. They proceeded to
stimulate 12 patients with medically refractory central deafferentation pain and achieved a 67% rate of a lasting decrease in pain.28 In 1993, Meyerson and colleagues29 treated
their patients with motor cortex stimulation (MCS) and
noted that all patients with TNP had significant lessening of
their pain. In the past 15 years, there has been rising interest in this modality of pain treatment, as demonstrated by
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Fig. 20.3 A high-resolution preoperative magnetic resonance
image is used to identify the central sulcus (red line), which follows a classic “Ω” pattern.
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the incision is centered over this region. We prefer a 4-cm
craniotomy, which is large enough to allow the epidural
placement of a 4 × 4 electrode grid. The 16-electrode testing grid is then placed in the epidural space (Fig. 20.4).
Intraoperative electrophysiological testing allows confirmation of the previously obtained position of the central
sulcus and localizes the motor cortex through stimulation.
First, the site and orientation of the central sulcus is identified based on the N20-P20 wave shift (phase reversal)
obtained during recording of somatosensory evoked potentials (Fig. 20.5). Then the cortex anterior to the central
sulcus is stimulated through the electrode grid, while the
surgeon looks for motor contractions in the facial muscles.
Commonly used muscles are the orbicularis oris, orbicularis oculi, and masseter. The position of the stimulating
electrodes that produced motor contractions at the lowest
threshold is marked on the dura with a pen. This position
defines the optimal site for MCS. A cold solution should be
immediately available for irrigation of the motor cortex in
case of a seizure induced by the stimulation.
Two 2-plate paddle electrode arrays (or one 4-plate
array) are then placed in the epidural space in the previously determined optimal position and are oriented perpendicularly to the central sulcus and sutured to the dura
(Fig. 20.6). Leads are tunneled externally and connected to
an external pulse generator to test the efficacy of stimulation over several days. During the trial, the stimulation amplitude is set at a value of 80% of the threshold for motor

Fig. 20.4 The 16-electrode testing grid is placed into a 4-cm craniotomy in the epidural space to carry out neurophysiological testing.
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An N20-P20 wave shift (phase reversal) is shown with a positive sensory wave and a negative motor wave.

contraction. Typical stimulation parameters are amplitudes
of 1 to 3 V, a frequency of 40 Hz, and a pulse width of 90
microseconds. A trial is considered successful if patients
experience pain relief of at least 50% with stimulation.
During the internalization, the scalp flap is partially reopened to expose the MCS electrode lead that was coiled
under the galea during the first procedure. This lead is then
connected to a new extension wire that is tunneled under
the skin and connected to an implantable pulse generator,

which is typically placed in a subcutaneous or subfascial
pocket created in the infraclavicular region (Fig. 20.7).

Outcome after Motor Cortex Stimulation
Reviewing outcomes for the past 15 years, Fontaine and associates40 reported that 57.6% of patients had “good” postoperative pain relief (defined in various studies as pain
relief ≥ 40% or ≥ 50%), whereas 30% of patients had a ≥ 70%

Fig. 20.6 Two 2-plate paddle electrode arrays are placed in the epidural space over the facial area of the motor cortex. They are oriented perpendicularly to the central sulcus and sutured to the dura.
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a

b
Fig. 20.7a,b For the trial, the leads are coupled to the temporary extensions at the distal connector site (a, red arrow). The
temporary extensions are kept under the galea proximally, and
the distal parts are tunneled out under the scalp. During perma-

nent implantation (b), the temporary leads are disconnected and
removed, and the permanent extensions are tunneled down to
the infraclavicular region to be connected to the pulse generator.

reduction of pain. In the 152 patients who had a follow-up
of longer than 1 year, 45.4% had a “good postoperative outcome.” Again, outcomes were best in patients with facial
neuropathic pain. A randomized double-blinded trial by
García-Larrea and colleagues31 reported a pain reduction of
40% or more at 1 year in all eight patients who received an
implant with MCS. The most notable surgical risks are epidural hematoma, infection, and intraoperative seizures.
Neither permanent neurologic deficit or injury after stimulator placement nor the development of chronic seizures
has been reported.41 Overall, the literature recommends
MCS as an effective and safe treatment of medically refractory neuropathic facial pain in very well-selected patients.

cingulate cortex, which receives nociceptive input from the
thalamus, was observed during DBS.48

Deep Brain Stimulation
Background
Deep brain stimulation (DBS) has been a surgical option for
chronic pain long before its popularization as a treatment
for movement disorders.42–44 The two main targets are the
sensory thalamic nuclei and periventricular/periaqueductal
gray (PVG/PAG) matter. In general, neuropathic facial pain
responds best to the stimulation of the ventroposteromedial (VPM) thalamic nuclei, rather than the PVG/PAG.45,46
Other targets include the medial lemniscus, internal capsule, and thalamic posterior nucleus ovalis.45 Sometimes,
for mixed nociceptive (i.e., facial allodynia) and neuropathic
symptoms, both VPM and PVG/PAG are used. As with MCS,
the mechanism of action is not well understood. In a primate model, spinothalamic tract neurons were strongly
inhibited through the stimulation of either the ipsilateral
or contralateral sensory thalamus.47 On positron emission
tomography scans, sustained activation of the anterior

Surgical Procedure
This procedure is done in a similar fashion to DBS for movement disorders.49 As with the MCS, however, a similar preoperative multidisciplinary approach and a several-day trial
period with pain relief of 50% is required for permanent
implantation.
For unilateral facial pain, the contralateral thalamus is
approached. Either frameless or framed systems may be
used for stereotactic localization. At our institution, we use
the Leksell stereotactic head frame. The coordinates for
VPM are chosen within the Talairach space, 1 to 2 mm
below the anterior-posterior commissural line, 10 to 11 mm
lateral to the wall of the third ventricle, and 2 to 3 mm
anterior to the posterior commissure. The patient is kept
under monitored anesthesia care and is awake during the
microelectrode recording and stimulation. During the recording, light touch and deep pressure are tested on the
contralateral face and body to define the somatotopy. Once
the target is reached, micro- or macrostimulation is used to
determine the coverage of the pain area and any side effects. Multiple tracks may be needed. Satisfactory placement provides stimulation that is tolerable at usual settings
(see below) and covers the face without effects spreading
to the body. Electrodes are connected to extensions and
tunneled for an external trial, which usually lasts 5 to 7
days in an inpatient setting. Stimulation is tested in a range
of amplitude of 2 to 3 V, a pulse width of 100 to 200 microseconds, and a frequency of 25 to 75 Hz, respectively. If the
patient’s overall pain relief is more than 50%, the DBS sys-
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tem is permanently implanted in similar fashion to the
MCS system.

Outcome After Deep Brain Stimulation for Chronic
Neuropathic Pain
In terms of outcome, a meta-analysis by Levy and colleagues45 showed that 50% of patients had long-term successful pain relief. When the sensory thalamic nucleus was
targeted for neuropathic pain, a long-term success rate of
56% was achieved. In a more recent meta-analysis, Bittar
and associates50 broke down the results according to the
site of pain. Four patients with trigeminal neuropathy, one
with atypical facial pain, and 28 with anesthesia dolorosa
had successful pain relief of 100%, 100%, and 47%, respectively. The most dreaded complication of DBS is hemorrhage, which occurred in between 1.9% and 4.1% of patients
in the series of Bittar and colleagues, but permanent neurologic deficit from such bleeding is rare. The incidence of
infectious complications from DBS ranges from 3.3 to 13.3%.
No correlation was found between the time the electrode
was externalized and the occurrence of infection.45

Emerging Options for Deep Brain Stimulation for Pain
These brain targets for central neurostimulation involve the
conscious processing of nociception. Functional MRI has

furthered our knowledge about cortical-subcortical circuits
a great deal. It has been shown that the dorsolateral prefrontal cortex, the anterior cingulate cortex, and the anterior
and posterior insula are involved in the actual awareness
and emotional processing of pain.51 In a placebo analgesia
model, the dorsolateral prefrontal cortex was shown to
influence the dorsal anterior cingulate cortex.52 Zaki and
colleagues53 noted that the anterior cingulate cortex and
the anterior insula are engaged in patients both while experiencing their own pain and while watching other people
experience pain. The anterior cingulate cortex in turn influences the nucleus accumbens,54 which may be involved
in an analgesic response to chronic pain.55 These cortical
and subcortical structures may serve as adjunct targets for
neurostimulation for chronic facial pain in the future.

Conclusion
Both MCS and DBS are safe surgical options for the treatment of intractable neuropathic facial pain. The ventromedial nucleus of the thalamus is the preferred site for DBS for
this type of pain. The careful selection of patients by a multidisciplinary team is mandatory, and a surgical trial is required to ensure the success of these interventions. An
evolving knowledge of the neurocircuitry involved in chronic
pain may allow us to refine and personalize the treatment
strategies for patients with chronic TNP in the future.

Moderator
Treatment of Intractable Facial Pain
Kim J. Burchiel
Al-Mefty has again challenged us with one of the most
daunting problems in neurologic surgery. This patient must
have suffered an incidental trigeminal nerve injury consequent to his resective surgery. The attendant deafferentation has produced what would be categorized as TNP.
Yucel Kanpolat, widely regarded as the world’s authority on this topic, has contributed a succinct assessment of
his experience with similar cases. I find that his recommendations concerning the medical intractability of this
pain, and the general observation that antidepressants and
gabapentin must be on the list of agents that have been
tested, ring completely true. I also agree that further peripheral deafferentation would be both ineffective and
potentially dangerous; the pain can be made worse. My
experience also echoes his, in that peripheral electrical
stimulation is of little benefit. Kanpolat concludes that CTguided trigeminal tractotomy-nucleotomy (TR-NC) would

be his first choice for this patient. If the results of this procedure are encouraging, the patient could also go on to an
open “caudalis DREZ” or, more properly, open trigeminal
nucleotractotomy.
Kanpolat states that the one patient he did perform
TR-NC on, who had the diagnosis of TNP after the removal
of a petroclival neurofibroma from the cerebellopontine
angle, had unsatisfactory pain relief. In his hands, TR-NC
was used in 21 patients with “atypical facial pain” and adequate pain relief was achieved in 91%.16 Further, four of
five patients with failed trigeminal neuralgia were also effectively treated with TR-NC. These are impressive results,
but not clearly relevant to the present case. My conclusion
is that, after appropriate informed consent is obtained, a
TR-NC done by a skilled practitioner of that procedure could
be recommended, with the caveats that outcome data for
this particular condition are not available, and essentially
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no one in the world has experience with this procedure
comparable to that of Kanpolat.
Yeremeyeva, Oluigbo, and Rezai were assigned the task
of describing the roles of DBS and MCS in this case. Their
introduction of the topic of TNP is on target, to the point,
and scholarly.
In my opinion, TNP outcome data for MCS remain problematic. Naturally, the scientific literature reflects a bias for
positive results, and this seems to be a pernicious problem
in the area of neuromodulation for pain. Although it has
been in use now for more than 20 years, MCS still represents the most recent potential innovation in surgical pain
control that I am aware of. Tsubokawa and colleagues27,28
originally introduced this procedure as an alternative to
DBS for treating patients with thalamic pain. Meyerson and
associates29 identified TNP as a particularly attractive target for the procedure, and it is on this condition that most
attention on MCS has focused in the intervening years.
Yeremeyeva, Oluigbo, and Rezai cite several encouraging articles from respected centers and investigators45,50,56
about the role of MCS for treating neuropathic pain. These
positive findings are counterbalanced by reports from other
institutions, where the results of MCS for TNP have not
been uniformly good. For example, an industry-sponsored
European study of MCS to treat facial (trigeminal) and
central poststroke deafferentation pain was closed by the
sponsor because of slow enrollment. Only 24 patients out
of a planned 104 were enrolled and underwent implantation in 2 years. Seven of these 24 patients (29%) withdrew
or were discontinued from the study after lead implantation but before randomization to a sham procedure or active MCS because of a lack of efficacy during either the trial
stimulation or early on in their therapeutic course. Eleven
patients were randomized and completed a blinded oneway crossover MCS (on to off, or off to on; 4 weeks’ duration
each). Of these 11 patients, none expressed a preference for
the MCS “on” condition regardless of the on-off sequence
to which they were randomized.57
The results of DBS for TNP must likewise be viewed with
some skepticism. In a structured review of the DBS literature, Coffey58 concluded: “Deep brain stimulation has not
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been shown to produce effective long-term pain relief.” This
review was later reprised and amplified in a recent textbook chapter. In that review, Coffey and associates57 concluded that late results of DBS for pain are not substantiated
by results 6 to 24 months after implantation, and no reviewed study achieved the 50% success threshold typically
applied to this literature. All of the studies analyzed showed
substantial problems with both data gathering and analysis.
As is the case for MCS, the evidence that DBS would
be effective in the patient presented here is weak. Further
confounding the treatment of our patient, at least in the
United States, is the fact that neither MCS nor DBS is approved by the Food and Drug Administration for the in
dication of pain control. The Medicare program does not
authorize MCS or DBS, and, as a result, the procedures are
rarely done in patients on Medicare. Most major insurance
companies have followed suit and do not approve this therapy. As a consequence, both MCS and DBS for pain are only
sporadically done in the United States, making it very difficult to obtain consistent or contemporaneous case series
at most institutions.

Conclusion
At this point, it is difficult to enthusiastically recommend
any surgical intervention for this patient solely for the purpose of alleviating his TNP. TR-NC might be considered, but
supportive data are not available, and finding a neurosurgeon to perform the procedure would be very difficult. The
data that MCS or DBS might work for this patient is not
compelling, but both of these procedures have the advantage of “testability.” A trial of neurostimulation (MCS or
DBS) could be undertaken, if the patient’s insurance coverage would allow it.
This case emphasizes the difficulties we encounter with
neuropathic pain in general. There are no specific analgesic
agents available, and the evidence that surgery might work
is entirely from personal case series (class III) or anecdotal.
In my own practice, this patient would likely be treated nonsurgically in the context of a multidisciplinary pain center.
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Chapter 21

Deep Brain Stimulation: Frame vs.
Frameless Stereotactic Treatment

Case
A 65-year-old man came to medical attention with long-standing Parkinson’s disease that is intractable
to medication. He also has bradykinesia and minor tremor. A subthalamic nucleus target is chosen for
deep brain stimulation.

Participants
Deep Brain Stimulation: The Frameless Technique: Daryoush Tavanaiepour and Kathryn L. Holloway
The Frame-Based Approach to Subthalamic Nucleus Deep Brain Stimulation: Tejas Sankar and Andres M.
Lozano
Moderator: Frame-Based vs. Frameless: Is It the Question?: Alim Louis Benabid
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Deep Brain Stimulation: The Frameless Technique
Daryoush Tavanaiepour and Kathryn L. Holloway
In 1906, Clarke and Horsley1 described the first stereotactic
apparatus used for animals and coined the term stereotaxic
from the Greek word stereo meaning “three dimensional”
and taxic meaning “an arrangement.”2 It was not until
1947, however, that Spiegel and colleagues3 introduced the
first human stereotactic frame for neurosurgical procedures.
Since then, there have been multiple modifications of the
stereotactic frame, starting with Talairach and Riechert devices and culminating in the two most commonly used
frames: the arc-based Cosman-Roberts-Wells system (CRW)
system and Leksell frames.2,4–7 The stereotactic frame has
been the gold standard apparatus for functional neurosurgical interventions such as lesioning or deep brain stimulation (DBS) procedures for decades.8–10
However, there are some limitations to the stereotactic
frame. It is a relatively heavy device with restrictive features requiring fixation to the operating table. This can be
especially problematic in patients with moderate to severe
Parkinson’s disease undergoing DBS. At most institutions,
patients are kept off their medications for Parkinson’s disease the night before surgery, and the stereotactic frame
is placed the morning of the operation. The operative day
is long, with preoperative imaging and DBS trajectory planning done on the same day, and the patient may encounter
difficulties tolerating the heavy, bulky stereotactic frame
after stopping medication. Furthermore, during the procedure, the frame is attached to the operating table, which
can be uncomfortable and restrict the awake patient. From
the physician’s perspective, the frame can prevent adequate assessment of the patient’s facial features (to examine for stimulation-induced side effects) or the observation
of intraoperative stimulation efficacy in patients with axial
tremor or dystonia.11,12 It also complicates management of
the patient’s airway. In addition, placement of the stereotactic frame and patient positioning can be challenging
in patients with large head diameters, cervical or thoracic
kyphosis, or claustrophobia.
With the development of advanced neuronavigation
technology, it became possible to perform neurosurgery
without the conventional stereotactic frame, and accurate
localization of intracranial targets without the use of stereotactic frames has become commonplace.13,14 For procedures such as tumor resection, in which real-time feedback
regarding intracranial position is helpful, image-guided surgical systems have effectively replaced stereotactic frames.
Nonetheless, trajectory-based procedures, such as DBS for
movement disorders, are still extensively done with a stereotactic frame15 because extreme accuracy is required for
DBS surgery, as it relates directly to clinical efficacy.16–19
The benefit of real-time positional feedback is less important than the accurate delivery of the DBS lead to a welldefined target. Skin fiducial markers, as traditionally used

in frameless localization, do not provide sufficient accuracy. Also, instrument holders for biopsy or other applications are not sufficiently rigid to meet the demands of true
stereotactic accuracy.20 In addition, DBS procedures require a stable platform for examining the brain with microelectrode recording and stimulation over many hours and
through multiple parallel trajectories. Therefore, there was
a need to develop a frameless stereotactic system specifically for DBS with accuracy and reliability equivalent to
the traditional stereotactic frame but with the benefits of a
frameless system.
Currently, there are two frameless stereotactic systems
designed specifically for DBS surgery: the STarFix (FHC, Inc.,
Bowdoin, ME) and the Nexframe (Medtronic, Inc., Minneapolis, MN). The STarFix system incorporates the planned
trajectory into a custom-built miniature platform (surgical
targeting fixture), which is attached to bone fiducial markers. Therefore, it is specific to the individual patient and
procedure. A few days before surgery, the patient undergoes imaging and placement of bone fiducials. The planned
trajectory and images are submitted to the company, which
builds a custom device in a relatively short time (typically
3 days) with a rapid-prototyping technology. Akin to the
general principles of the traditional stereotactic frame, the
custom-built platform is created by translating the image
space to the patient’s physical space through the bone fiducials. Furthermore, the target coordinates are referenced
from the bone fiducial. Thus, the bone fiducials serve as
both imaging reference points and anchors to attach the
platform to the patient. This custom-built frame is sometimes referred to as a miniature frame. On the day of surgery, the completed custom-built device is attached to the
patient through the previously placed bone fiducials and
serves as a trajectory guide. The technical details of the
STarFix system have been described previously.12,21–25
A description of the Nexframe stereotactic procedure as
it is performed at our institution is outlined below. The emphasis is on the finer technical aspects, which we believe
maximize the Nexframe system’s clinical accuracy. Other
aspects of the procedure, such as intraoperative microelectrode recording and stimulation testing, are not discussed.

The Nexframe Stereotactic Technique
The Nexframe system has been developed specifically to
provide a high degree of targeting stability and accuracy
during frameless DBS procedures. It depends on the surgeon’s skill rather than on the manufacturer’s quality control; it also allows the surgeon to explore more than one
target at a time. The Nexframe is a skull-mounted platform
linked with the Medtronic stealth neuronavigation system to provide real-time adjustment of the trajectory. The
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procedure is divided into two phases: preoperative and
intraoperative.

Phase 1: Preoperative Planning
A few days before the surgery, preoperative imaging and
bone fiducial placement are performed in an outpatient
setting. We obtain a volumetric T1-weighted magnetic resonance imaging (MRI) scan with contrast to pinpoint the
precise location of the intended target. The trajectory can
be planned on this image at any time before the procedure.
The bone fiducials are placed with sterile technique; after
the administration of local anesthesia, a stab incision is
made and the fiducial is inserted with a power screwdriver.
The use of a power screwdriver is essential for a secure purchase of the fiducial, which will hold without loosening
over several days. The fiducials are placed circumferentially
around the top of the patient’s head and forehead to ensure
that the predicted 1-mm accuracy of the neuronavigation
sphere completely encompasses the head (Figs. 21.1, 21.2).
Fiducials are not placed on the side of the head, where the
patient is likely to dislodge them during sleep. Attention is
also given to placing the fiducials away from the planned
incision.
A 0.5- to 1-mm computed tomography (CT) scan without contrast is obtained after the fiducials are placed. Next,
the MRI and CT studies are loaded and merged on the Stealth

Fig. 21.2

Fig. 21.1

The placement of bone fiducial markers.

neuronavigation workstation, with the CT scan as the reference image to carefully identify the center of each fiducial
(Fig. 21.3).

Phase 2: Intraoperative Technique
On the day of surgery, the patient does not require any further imaging or other procedures and is taken directly to
the operating room. The patient is placed on a comfortable,

The predicted 1-mm error sphere completely encompasses the head, and the registration error is less than 0.5 mm.
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Fig. 21.3
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Registering the center of the fiducial on the workstation.

noninvasive headrest with a cervical collar restraint (Passive Head Rest, Medtronic) (Figs. 21.1, 21.4, 21.5). The
collar is kept on only during the incision and bur-hole
placement, while the patient is sedated and more likely
to move unexpectedly. The patient is prepared and draped

with a transparent drape, which facilitates interaction with
the patient, the operating room staff, and the anesthesiology and neurology team (Fig. 21.6). We also ensure that
the drape encompasses all the fiducials so that they can
be registered under sterile conditions (Fig. 21.7). The bur
hole is made with a self-stopping cranial perforator and is
widened laterally, as there is a tendency for the cannula to
enter on the lateral edge of the bur hole (Fig. 21.8). The
Stimloc device is then attached to the skull, followed by
the Nexframe base, which is secured to the skull with the

Fig. 21.4

Fig. 21.5

The noninvasive headrest.

The patient’s position.
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The transparent drape.

powered screwdriver to ensure stability (Fig. 21.9). If the
target is the globus pallidus, a 1- to 2-mm thick Silastic
sheet is placed under the lateral side of the Nexframe base,
before attachment, to make alignment easier. The attachment of the Nexframe system is verified by ensuring that
the Nexframe base and head move as one unit. The reference arc is then attached to the platform (Fig. 21.7).
During registration, we ensure that the geometry error
for both the Nexprobe and reference arc is less than 0.2 mm
(Fig. 21.10) by adjusting the neuronavigation camera into
optimal range, moving the operating room lights off the
field, and verifying that the spheres are snapped on properly and are clean. When we register the fiducials, the
Nexprobe is placed in-axis with the fiducial, and the geometry error is verified again to be less than 0.2 mm (Figs.
21.7, 21.10). Once registration is completed, the accuracy
is verified by ensuring that the predicted 1-mm error sphere
completely encompasses the entire head and that the registration error is less than 0.7 mm (Fig. 21.2). More importantly, we assess the accuracy of the registration by touching

several of the fiducials to verify that they are precisely
located.
Next, the dura is opened and any vessels in the path of
the trajectory are coagulated and sharply divided. To prevent a cerebrospinal fluid leak and subsequent brain shift,
which could reduce the accuracy during the procedure, the
bur hole is sealed with a combination of Gelfoam and dural
sealant. The alignment tower is then attached to the platform, aligned to the target through the neuronavigation
system, and locked in placed. Next, the tower is secured
to the platform (Fig. 21.11). The next stage, which employs
the Ben-Gun (Schaerer-Mayfield, Lyon, France), entails the
placement of one to five cannulas; we have found that
accuracy is improved with cannulas that extend to 10 mm
above the target in comparison to shorter cannulas. The

Fig. 21.8 The bur hole created by the self-stopping cranial perforator is extended laterally.

Fig. 21.9 Placement of the Nexframe base. Screws are initially
placed with a power screwdriver and then tightened by hand.

Fig. 21.7 The reference arc is attached to the Nexframe base and
fiducial are registered with the Nexprobe.
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Fig. 21.10 During registration, we ensure that the geometry
error for both the Nexprobe and reference arc is less that 0.2 mm.

rest of the procedure involves selecting the optimal track,
by using microelectrode recording and macrostimulation,
to assess for side effects and efficacy. The DBS lead is secured with the Stimloc and marked with a pen at the
immediate junction of the DBS lead and the Stimloc. This
mark provides visual confirmation that the lead has not
moved during disassembly and is much more efficient than
using repeated fluoroscopic images.

Comparison of the STarFix and
Nexframe Systems
Both the STarFix and Nexframe systems have the advantages
of the frameless technology, but there are some differences; the main one is the method by which the trajectory
alignment is done. The trajectory alignment of the STarFix
system is based on traditional stereotactic frame principles
and is set by the manufacturer, which can theoretically
lead to error, but a group describing its recent experience
with 263 patients has not encountered this problem.12 Furthermore, because the trajectory is set by the manufacturer,
it does not allow for the flexibility to change the planned
target. In contrast, the Nexframe system uses an optical
tracking system for trajectory alignment during surgery,
which allows for a change in the planned target. However,
the system relies heavily on precise intraoperative registration and manual alignment of the trajectory. Another difference between the systems is that the STarFix system
allows for simultaneous bilateral microelectrode recording, stimulation testing, and DBS placement, whereas the
Nexframe system requires bilateral DBS placement to be
done sequentially.

Accuracy of the Frameless and Frame
Stereotactic Systems
Deep brain stimulation for Parkinson’s disease requires
extreme accuracy, as it directly relates to efficacy.16–19 For
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Fig. 21.11 The complete Nexframe system has been assembled.

example, the subthalamic nucleus (STN) is approximately
6 × 4 × 5 mm, and a DBS lead placement error of 3 to 4 mm
can alter the outcome.26,27 The accuracy of stereotactic
frames and frameless systems has been well studied in
in vitro phantom experiments. The mean accuracy of the
CRW and Leksell frames has been shown to be 1.7 ± 0.1 mm
and 1.8 ± 0.11 mm, respectively.28 The mean accuracy for
the Nexframe and STarFix systems has been measured to
be 1.25 ± 0.6 mm and 0.42 ± 0.15 mm, respectively.21,29
Although the traditional frame-based stereotactic system has been used since the late 1940s, it was not until
2002 that the accuracy of the frame-based system in a clinical setting was established.30 Such clinical studies require
a marker for actual target localization, with an internal (anterior commissure–posterior commissure [AC-PC]) or external (frame) reference system on the postoperative scan
to compare expected with actual target locations. Alternatively, this process can be accomplished with image fusion,
which is a relatively recent development. Starr and colleagues30 carefully assessed the postoperative coordinates
of 76 STN DBS electrodes that had been placed with a Leksell frame. They found a mean deviation of 3.15 mm from
the expected target location. Subsequently, similar results
have also been reported by other groups.31,32 The University of California–Los Angeles group evaluated the discrepancy between expected and actual targets in 217 DBS cases.
There was a mean vector error of 2.9 mm (range 0.1–6.44
mm) for the ventral intermediate nucleus, 2.3 mm (range
0–7.61 mm) for STN, and 2.2 mm (range 0.03–4.5 mm) for
targets in the globus pallidus.31 O’Leary and colleagues32
analyzed intraoperative radiographic data on 109 microelectrode tracks and found a 2.1-mm discrepancy between
the theoretical microelectrode target and the values obtained from intraoperative fluoroscopic images. Schrader
and associates27 assessed the electrode location in six
patients who had the Zamorano-Dujovny stereotactic ring.
The calculated vector error from their data was 2.64 mm
for the left side and 3.04 mm for the right side. Hamid and
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coworkers33 examined the pre- and postoperative MRI scans
to define the accuracy of lead placement in STN DBS for 16
patients who had the Leksell stereotactic frame; the calculated vector error was 3.02 mm.
In 2005, the clinical accuracy of the Nexframe system
was investigated by Holloway and associates.34 This multicenter study compared the accuracy of the Nexframe with
the previously published data of frame-based clinical accuracy by Starr and colleagues.30 A total of 47 electrodes
were implanted in 38 patients. The target nucleus was the
ventral intermediate (VIM) in 16 patients, the STN in 29,
and the globus pallidus pars interna (GPI) in two patients.
Vector errors were analyzed in the same manner as in the
frame-based study by Starr and colleagues by comparing
the difference between the expected target and the actual
lead location. Analysis revealed a vector error of 3.15 mm
for the Nexframe, which was the same as the vector error
of the frame as reported by Starr and colleagues. A followup publication from a single institution further investigated the clinical accuracy of the Nexframe and frame-based
systems.35 Ninety patients underwent placement of 139
DBS leads with the CRW frame (n = 70) or the Nexframe
system (n = 69). The final DBS location was identified on a
postoperative CT fused to the preoperative CT and MRI
scans. The vector error between the CRW frame (2.65 mm)
and the frameless (2.78 mm) system did not differ (p = 0.69).
The vector error for both systems declined with time, as
the vector error of the last 20 implants was 1.99 mm for the
CRW frame and 2.04 mm for the Nexframe. This decline
was attributed to subtle changes in surgical techniques and
experience. Another interesting finding from this study
was the predictability of the vector error for the frameless
system, with a proclivity toward the medial, posterior, and
inferior directions, whereas the frame-based system did
not have a predictable direction of error. The clinical accuracy of the STarFix system has also been examined recently
by Konrad and colleagues.12 A total of 263 patients who
underwent 284 DBS implantations with the STarFix system
were analyzed. The final DBS lead location was calculated
using postoperative CT scans. The mean vector error was
found to be 1.99 mm (standard deviation: 0.9).
Bjartmarz and Rehncrona36 directly compared the frameless and framed approaches in a single operation. In
bilateral procedures during a single surgical session, one
side was implanted with the Nexframe approach while
the other side was implanted with a Leksell G frame. The
preoperative planning image was based on a volumetric,
1-mm slice thickness, T1-weighted MRI study. Unlike the
preceding studies, the DBS lead position was not assessed
with a CT or MRI scan but rather with a two-dimensional
X-ray image using the reference frame of the Leksell system. This method heavily favors the frame, as the ground
truth is defined as the stereotactic coordinates in the Leksell space. With this method, the frame vector error was
1.2 ± 0.6 mm and the frameless error was 2.5 ± 1.4 mm
(p < 0.05). It is unclear what the error would have been

with the more commonly used method of postoperative
imaging with CT or MRI studies, and there were other limitations to their frameless technique.37 Despite showing a
difference in clinical accuracy between the frame and frame
less techniques, however, the clinical outcome was similar
at follow-up regardless of the stereotactic technique.
Clinical studies show a greater error for both frame and
frameless systems, as compared with phantom experiments.
The increased error seen in the clinical situation is expected for several reasons, including weight bearing by the
frame, mobility of the brain within the cranial cavity, loss
of cerebrospinal fluid with subsequent brain shift, inaccuracies of localization introduced by selection of the lead tip
and the AC-PC coordinates on postoperative imaging, and
deviations of the microelectrode or DBS as it passes through
the brain substance. Rohlfing and associates38 found a decrease in the accuracy of stereotactic frames because of
torque introduced by the effect of weight bearing on the
frame. They assessed the effects of the mechanical loading
of the frame and a change in patient position on localization
error within the clinical situation. They chose to compare
scans obtained while the patient was prone and supine,
maximizing the adverse effect of linear mechanical loading. CT scans were obtained in 14 patients placed in the
Brown-Roberts-Wells frame while supine and then prone,
and the registration transformations were compared. The
mean error was 0.97 ± 0.38 mm, but the registration error
was greater than 1.5 mm in eight of 14 patients. The authors noted that the errors from positioning and mechanical loading were additive with other sources of error.
There are numerous pitfalls in attempting to measure
postoperative lead locations accurately. First among these
is the difficulty in locating the precise center and depth of
the lead as it relates to the intended target. Both magnetic
susceptibility artifact (on MRI) and beam-hardening artifact (on CT scans) conceal the lead and require estimation
or interpolation of the electrode position. Papavassiliou
and associates39 evaluated DBS lead locations in eight cases
by using both CT and MRI studies. They found differences
between the two techniques ranging from 2.4 to 2.6 mm;
the mean of these signed values was 0.1 to 0.3 mm and was
not significant. Furthermore, because the last contact of
a Medtronic DBS lead lies 1.5 mm from the actual tip of
the electrode, determining its location on either modality
can be difficult. Because the DBS trajectory is not perpendicular to the AC–PC plane, an error in localizing the electrode tip can lead to errors not only in z (depth) but also in
the x and y directions, depending on the approach angle.
Even if the lead position can be accurately determined on
postoperative imaging, relating this position to the intended target requires a translation method such as image
fusion or coordinate transfer, each of which has potential
inaccuracies.
An additional category of error can relate directly to errors in lead placement. Some examples include deflection
of the lead during implantation, slippage of the lead during
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anchoring, and various inaccuracies in stereotactic localization, which have been described elsewhere.28,29,38,40 The
direct measurement of localization errors in phantom studies eliminates the step of translating postoperative imaging
to preoperative targeting, which may contribute to the relatively decreased accuracy noted in clinical studies compared with phantom studies.
In addition to studies that have focused on phantom and
clinical accuracy of the frameless technique, two recent
studies have compared the long-term clinical outcome between the frameless and frame-based techniques.41,42 The
DBS Study Group analyzed the 1-year clinical outcome for
patients with Parkinson’s undergoing STN DBS with the
frameless technique.15 There were 31 patients, 28 with
bilateral and three with unilateral lead placements. The
Unified Parkinson’s Disease Rating Scale (UPDRS) was assessed at 6 and 12 months. All patients underwent DBS
implantation with the Nexframe system. The mean improvement in UPDRS scores at 1 year was 58% with a mean
reduction of medication of 50%. This level of clinical improvement is comparable to published frame-based clinical outcomes of 52 to 55%.43,44 In a similar study, Tai and
colleagues42 directly compared the clinical outcome of patients with Parkinson’s undergoing STN DBS with frameless and frame-based techniques. A total of 24 patients were
enrolled, 12 who underwent the frameless (Nexframe)
technique, and 12 who had the frame-based (CRW) tech-
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nique. At 1-year follow-up, the mean UPDRS improvement
for the frameless (60.9%) and frame-based (56.9%) group
was similar (p = 0.81).

Conclusion
The frameless stereotactic system has been shown to be
equivalent to the gold-standard frame-based system in experimental and clinical accuracy studies, as well as in clinical outcome studies. According to our experience and that
of other published reports,12,23,34–36,41,42 several advantages
related to the use of the frameless system have been noted.
Patients are much less apprehensive about fiducial marker
placement than the application of a stereotactic frame. The
ability to apply the fiducial markers one or more days before surgery allows imaging and planning to be separated
from the procedure, decreasing operating room time and
enhancing the patient’s comfort because of the shorter periods spent without medication. Without rigid fixation to
the operating table, patients are allowed greater mobility
and seem better able to tolerate lengthy procedures. Intraoperative examination of the patient is easier without the
bulky frame. As with any new device or procedure, however, the frameless system has a learning curve and requires
attention to detail.35 We believe that the frameless stereotactic system is a safe, accurate, and effective technique and
provides a viable alternative to the frame-based system.

The Frame-Based Approach to Subthalamic Nucleus
Deep Brain Stimulation
Tejas Sankar and Andres M. Lozano
Parkinson’s disease (PD) is a progressive neurologic dis
order, associated with the death of dopaminergic cells in the
substantia nigra, but additionally with widespread effects
across the entire central nervous system. Medical therapy
for PD in the form of dopaminergic medications—most notably L-dopa—emerged in the 1960s45 and has shown unquestioned efficacy in reducing the severity of the cardinal
motor symptoms of the disease. Unfortunately, a large
proportion of PD patients become disabled within 5 to
10 years despite medical therapy because of the limitations
of dopaminergic medications, including the predictable
“wearing off” of drug effect over the course of a day, more
unpredictable “on-off” motor fluctuations, and disabling involuntary movements now recognized as L-dopa–induced
dyskinesias.46,47 In these patients, treatment with DBS may
be a suitable option.48 Strong evidence now exists from
randomized controlled trials supporting DBS as superior to

best medical management for patients with moderate to
severe PD.49–51 More than 80,000 DBS insertion procedures
have been performed since the early 1990s, with an ongoing accrual of 8,000 to 10,000 patients annually.52 Bilateral
placement of DBS electrodes into the STN has emerged as
the most common procedure worldwide, and is typically
done with frame-based stereotaxy and MRI-based target
selection, complemented by intraoperative electrophysiological guidance with microelectrode recording. This section focuses on our frame-based approach to STN DBS,
which we discuss in the context of the patient in this chapter’s case presentation.

Case Analysis
From the case description presented, a 65-year-old patient
has been offered and has consented to STN DBS therapy.
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Before proceeding with the neurosurgical implantation of
DBS electrodes, however, it is worthwhile to ask whether
he is an appropriate candidate for this therapy altogether.
Patient selection is critical to successful long-term outcomes
in DBS; by some estimates up to 30% of DBS failures may be
ascribed to inappropriate indications for surgery.53 At our
center, the decision to offer DBS surgery to a given patient
is based on a detailed and individualized analysis of several
clinical factors. Central to this process is a multidisciplinary
team composed of movement disorder neurologists, psychiatrists, and neuropsychologists, with the operating
neurosurgeon being the ultimate arbiter.
The ideal candidate who is likely to benefit substantially
from STN DBS is one suffering from moderate to advanced
PD complicated by motor fluctuations, disabling dyskinesias, or tremor despite optimized drug therapy.52,54 It is important to exclude patients with atypical parkinsonism or
Parkinson plus syndromes such as progressive supranuclear
palsy and multisystem atrophy, because these patients
derive less benefit from DBS.55 Similarly, patients with a
preponderance of axial disturbances such as postural instability or gait disturbance56,57 or prominent dysarthrophonia58 do not typically experience improvement in these
symptoms with STN DBS. Additionally, the ideal candidate
is also one whose cardinal motor symptoms of PD are responsive to L-dopa.44,59 At our center, all prospective patients undergo a formal L-dopa challenge, on which we
require at least a 30% improvement in the UPDRS-III score.
There is evidence that younger patients are more likely to
do better with DBS,49,60,61 and although we do not have an
absolute age cutoff, we are extremely cautious about offering surgery to patients older than 75 years. Moreover, advanced age correlates with the presence of dementia or
cognitive impairment, both of which are exclusion criteria
for STN DBS.62 As a rule, all patients in our practice undergo
formal neuropsychological and cognitive testing before being
considered for DBS. Finally, patients with unstable psychiatric conditions, particularly depression or impulsivity, must
have their medication optimized before surgery because of
the potential for deterioration in their psychiatric symptoms after STN DBS.61,63–65 We frequently consider alternate
DBS targets—most commonly the internal segment of the
globus pallidus—in patients with a significant psychiatric
history who would otherwise be good surgical candidates.
General medical fitness for surgery is also an important
criterion.61 Conditions such as hypertension, coronary artery disease, and diabetes should be optimized medically
before surgery, and the patient should understand that these
conditions may increase their surgical risk. Antiplatelet or
anticoagulant medications should be withdrawn in advance
of surgery and will require special management in the perioperative period.66
Assuming the 65-year-old man in this case meets these
stringent criteria, frame-based stereotactic surgery for DBS
electrode implantation into the STN can be offered as a viable option and undertaken once consent is obtained.

Surgical Approach and Technique
Several articles have described the various techniques used
during the implantation of DBS systems.66–69 Neurosurgeons typically select their preferred techniques based on
their training and experience and institutional resources.52
We highlight here some key points that we have used in
our STN DBS procedures.
We insert electrodes for STN DBS in conscious patients,
with minimal or no sedation, in the off-medication state.
In this way, we can maximize the quality of electrophysiological information obtained during intraoperative microelectrode recording, and test the leads intraoperatively to
determine their efficacy against PD symptoms and adverse effects, with the ultimate aim of optimizing electrode
placement.
In our view, frame-based stereotaxy is the standard for
accurate delivery of the DBS electrode to the target. We
place the head frame (Leksell G, Elekta, Atlanta, GA) on the
morning of surgery with the patient seated on a chair. The
frame is placed by the principal surgeon and an assistant,
who maintains the base ring of the frame in line with the
AC-PC plane, which is roughly approximated by the canthomeatal line.66 We liberally infiltrate the scalp at the pin
sites with local anesthetic (1:1 mixture of 0.25% bupivacaine and 1% lidocaine with epinephrine). We take care to
carefully estimate the optimal pin length to prevent readjustments or replacements. Orthogonal pins are tightened
simultaneously.
Once the frame is in place, the patient is taken to the
MRI scanner for preoperative imaging. We obtain a T1weighted volumetric scan of the entire brain, as well as
T2-weighted axial and coronal scans through the region
of the STN. In total, the acquisition of all MRI sequences
takes about 20 minutes. The patient is then taken to the
operating room and prepared for surgery by the nursing
and anesthesia team, while the neurosurgical team proceeds
with anatomic planning on the recently acquired images.
We use a combination of direct and indirect techniques to
select the STN target on standard surgical planning software (FrameLink, Medtronic). Entry points and trajectories
are also determined with navigation software. All target
coordinates as well as frame arc and ring angles are verified
independently by at least two different members of the
neurosurgical team.
In the operating room, the patient is placed in the supine position with the knees flexed and the head elevated
so that the operating table takes on the shape of a reclining
chair. Care is taken to ensure that the patient’s neck is in a
comfortable position before affixing the head frame to the
operating table. Draping is done is such a way as to allow
access to the patient’s face, arms, and legs. The scalp is
liberally infiltrated with local anesthetic near the coronal
suture. We prefer a single Souttar transverse skin incision
extending to either side of the midline for bilateral procedures. Standard techniques are used to drill the bur holes,
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open the dura, and insert the cannula for the microelectrode to an offset 10 mm above the target.
Microelectrode recording is used in conjunction with
clinical testing to ensure that the predetermined trajectory
traverses at least a 5-mm segment of STN with kinestheticresponsive units. Although the microelectrode recording
data usually confirm the appropriate location of the MRI
target within the motor territory of the STN, in roughly
one of three patients the imaging target is suboptimal. Accordingly, an adjustment of 2 or 3 mm in the medial/lateral
or anterior/posterior plane is usually required, although
in some rare cases the error is greater. Because of this, we
do not hesitate to record from additional trajectories as
needed.
Once a satisfactory final trajectory has been determined
and any target modifications have been made, the DBS
electrode is introduced into the cannula and advanced to
the target under fluoroscopic guidance. Test macrostimulation through the DBS electrode is then done with an external screener, employing typical therapeutic stimulation
parameters (e.g., 130 Hz frequency, 1–5 V amplitude, 90 µs
pulse width). This should confirm beneficial effects for
tremor, rigidity, and bradykinesia without adverse stimulation-related side effects, including motor phenomena
(contralateral contractions or dysarthria), ipsilateral ocular
adduction, or uncomfortable paresthesias, corresponding
to electrode positions that are too lateral, medial, or posterior, respectively.66,70
Finally, the DBS electrode is fixed in place with a standard lead fixation system under fluoroscopy, and the entire
procedure is repeated on the contralateral side. Postoperative MRI to verify correct electrode placement is standard
practice at our center (Fig. 21.12), and we usually implant
the pulse generator under general anesthesia a few days
after the electrodes are inserted.

Our Preference for the
Frame-Based Approach
The stereotactic frame has been a mainstay of functional
neurosurgery since its development. Virtually all neurosurgeons who do modern DBS implantation procedures
were trained to do so with strictly frame-based techniques,
which have ultimately proven their worth with a stellar
record of safety and efficacy. Frameless stereotaxy has
gradually become more popular in general neurosurgical
practice over the past two decades,71 and is now the technique of choice in most centers for preoperative craniotomy planning, intraoperative neuronavigation, and to
obtain stereotactic biopsies of intracranial mass lesions. It
is only very recently, however, that frameless techniques
have been used for functional work, in which the ultimate
aim of correct electrode position places a premium on superb accuracy, which was long thought to be unattainable
without a rigid head frame. Nevertheless, frameless approaches to DBS surgery are now increasingly in vogue be-
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Fig. 21.12 Axial T1-weighted postoperative magnetic resonance
imaging (MRI) showing deep brain stimulation (DBS) electrodes
positioned bilaterally within the subthalamic nucleus.

cause of the widespread perception that they are minimally
invasive.72
A few published reports directly compare the accuracy of frame-based to frameless approaches to DBS surgery.34–36,41,42,73,74 These reports largely suggest that, for
surgeons who have obtained sufficient experience with
frameless techniques, the accuracy is comparable between
the approaches. Although some may use such data to argue
for a widespread transition to frameless surgery, we believe
there are compelling reasons to stick with the frame-based
approach that has served so many PD patients so well.
Perhaps the most important factor in favor of the traditional approach is its universal familiarity among functional
neurosurgeons. The learning curve necessary to become
proficient with the frameless approach is hard to justify
in busy functional neurosurgery centers such as our own,
in which hundreds of DBS procedures are done every year.
The investment of capital, effort, and additional surgical
time during the learning phase also seem particularly difficult to absorb when no data convincingly demonstrate
the superiority of frameless techniques. In addition, several
potential technical pitfalls are associated with the frameless approach. Chief among these is the lack of rigid head
fixation, which can become a serious problem for tremulous patients—such as the 65-year-old patient described
in this case—whose head may move significantly during
drilling of the skull or while a probe is in the brain.71 In our
experience, the disadvantage of having a patient’s head
immobilized by a frame is more than outweighed by the
confidence gained from knowing that unintended patient
movements cannot jeopardize the procedure. Moreover,
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any adverse effects on patient comfort can be minimized
by appropriately positioning the patient’s neck at the beginning of the case and adjusting the neck position as
needed during surgery.
Additional pitfalls in the frameless approach concern the
placement of fiducial markers. These must be placed carefully to ensure that they do not translate, are not coplanar,
and do not interfere with the headrest. Some authors even
advocate placing five or more fiducials for redundancy.71
Usually, fiducials are placed well before the day of surgery,
meaning that patients must contend with the inconvenience of having structures attached to the head for up to
several days. Contrast this with the placement of four pins
in standard locations for a typical stereotactic frame, which
are applied and removed on the day of surgery. Skull-based
fiducial markers further introduce the possibility of error
in fiducial registration, during which care must be taken to
make sure that the center of each fiducial is identified
precisely.34,71 Frequently, re-registration may be required
during adjustments to the target and trajectory. By comparison, target adjustments with a Cartesian-based frame
are simple and do not require any additional calculations
or reverifications. Another inconvenience is that fiducial
registration requires the use of intraoperative neuronavigation and its associated camera hardware, which can further clutter an already crowded operating room. Finally,
current frameless trajectory guide systems require constant
verification of the rigidity of the guide, and must be removed and reattached to the contralateral side of the skull
during bilateral procedures.
Naturally, some patients are apprehensive about frame
placement and may believe that the placement of fiducial
markers would be less painful and that the greater freedom
of movement during surgery afforded by a frameless approach represents a considerable advantage. Similarly, the
advantage of decoupling stereotactic imaging from the surgical procedure with the frameless approach71 may shorten
and thereby improve the patient’s experience on the day
of surgery. In our experience, these theoretical advantages
may be overstated. In particular, we have found that patients tolerate stereotactic MRI acquisition in the head
frame very well; those patients whom we suspect may experience discomfort during an MRI scan are usually offered
the option of undergoing a rapid stereotactic CT scan on
the morning of surgery, which can be fused to a preoperative MRI scan for planning.

Expected Outcomes and Possible
Complications from Frame-Based
Subthalamic Nucleus Deep Brain
Stimulation
For this 65-year-old man with longstanding PD characterized by bradykinesia and minor tremor, there are good data
to suggest that bilateral STN DBS will produce lasting improvements in his overall motor symptoms as well as in
the severity of his parkinsonian tremor.10,75–78 These motor
improvements could possibly be sustained for up to 10
years or more after surgery.79 Bilateral STN DBS should
allow a reduction in the patient’s overall L-dopa dose on
the order of 22 to 70%, with a concomitant mean reduction
in L-dopa–induced dyskinesias of 46.4 to 80%.80 Nonetheless, we would expect the PD pathology to continue progressing despite surgery, accompanied by a worsening of
L-dopa–resistant symptoms, including freezing of gait,
postural instability, and cognitive decline.52,81,82
According to a recent review of key DBS-related issues
by an expert panel, there is significant variability in the
reported rate of surgical complications.52 The dreaded
complication of DBS surgery, namely symptomatic intracranial hemorrhage, was reported to occur in less than 2%
of patients in most centers, which is in keeping with our
experience. Hardware-related complications include infection, electrode misplacement or migration, lead fractures,
or skin erosion. These are considerably more common
than hemorrhage but exact risks are difficult to quantify
in the absence of standardized reporting.83–85 Nevertheless, the overall rate of hardware-related complications
is likely decreasing over time because of technological
improvements.52

Conclusion
Deep brain stimulation of the STN is the best treatment option for suitable medically refractory patients with moderate to severe PD, such as the patient presented in this case.
As technology and experience evolve, the trend toward
frameless systems supplemented by intraoperative realtime imaging will likely continue. For now, the bilateral
insertion of DBS electrodes into the STN with a frame-based
approach remains the procedure of choice among functional
neurosurgeons.
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Moderator
Frame-Based vs. Frameless: Is It the Question?
Alim Louis Benabid
The two opposite opinions presented here are brilliantly
defended by their advocates, each group stressing the
merits of the method they represent. At the end of this
exercise, however, the question is: So what? What actually
justifies this controversy? Aren’t we just the victims of
word abuses or of definitions summarized by expressions
such as “frame-based” or “frameless,” which lead us to war,
when there might be finally no reason to go there? This is
often the case when we go to war!
What do these two methods have in common? Do they
have really serious differences? Do they have more advantages than drawbacks or vice versa? What are “framebased” and “frameless”?

Frame-Based and Frameless Systems
Share Several Features
Both systems are firmly secured to the head and hold accessories used to introduce a probe. Both rely on imaging
techniques (MRI, fluoroscopy, CT) alone or combined, both
are associated with microelectrode recording and stimulation, both call for multiple (simultaneous or subsequent) trajectories with or without a Ben-Gun, both can be
adapted to preoperative planning and used with or without
anesthesia, both allow bilateral procedures, either staged
or in one session, and both have precision of around 2 to
3 mm with a standard deviation of 50%. These factors are
barely significantly different, taking into account that no
gold-standard method for comparison has been designed
as a true reference, given the fact that, in all studies, the
methodologies were slightly different.
In addition, every specific aspect is comparable or differs based on several invalid arguments. In all cases, there
is a frame, made of a piece of equipment that creates a
physical, solid link or bond between the head of the patient
(actually, his brain) and tools or probes. These are designed
to be introduced in a manner blinded to the surgeon’s eyes,
toward a target, which is expected to be reached with the
highest precision. This precision is the ultimate quality
expected from a procedure and, therefore, from the tools
and methods used to achieve it.
All frames are fixed to the skull with pins or screws, or
bolted with a circular opening, and are equally invasive.
The criterion of minimal invasiveness is therefore no longer
valid, particularly when one considers the additional fiducial markers, which for stereotaxy can no longer be adhesive landmarks on the skin or the scalp. The only difference
is the weight of the device, frameless systems often being
lighter, but within the frame-based category, some frames
(Leksell) are much lighter than others (Talairach, CRW,

etc.). However, the recent sophisticated frameless systems,
when equipped with supports for microrecording as well
as motorized microdrives, are not weightless and exert a
torque on the head of the patient, who does not feel so free
and light.
What is invasive is the introduction of electrodes, regardless of the frame.

Differences Between Frames
There are some differences between frames, which are not
always mentioned. The cost is not the same; it is higher in
frameless systems because of the purchase of the equipment for each procedure. In addition to the frame, some
accessories are disposable, without any real reason, even
considering infection issues. This is mostly driven by some
companies on the pretext of safer procedures and the desire of the patients. In some countries, this added cost is
circumvented by the insurance reimbursement, but in other
countries, where this is not the case, this cost makes a significant difference in the balance of advantages and disadvantages. I agree with this statement by Sankar and Lozano:
“The learning curve necessary to become proficient with
the frameless approach is hard to justify in busy functional
neurosurgery centers such as [those] in which hundreds
of DBS procedures are done every year.” Indirect consequences in the operating room are also to be considered
and are minimized with the frame-based approach.

Repositioning the Frame
Repositioning the frame is an important factor that may
help manage the treatment by splitting the surgical procedure into several steps. Repositioning of the patient is not
a feature specific to frame-based or frameless systems.
This step can be realized with repositionable frames, which
have already been developed. This is what I have done for
20 years with conventional frames, bone-fixed fiducials,
screws, and so on.

What About Hybrid Systems?
Neither team of authors mentions robotic stereotactic arms,
which are currently available on the market through at
least two companies and which will be progressively used
more often. Will it be a new controversy: robotic vs. not
robotic? In which category should they be placed? In my
own practice, I have been using the same method for 25
years, with the only difference being that MRI has been introduced lately. In all cases, the patient’s head is held in a
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classic frame solidly mounted on a stand, and the probes
are introduced by a tool-holding robotic arm playing the
role of a goniometer. Should we say I am doing frameless
surgery, as the tool-holding machinery is remotely connected to the head by the floor platform holding both frame
and robotized arm? Or am I doing frame-based surgery, as
I used to hold the head with a stereotactic frame playing
the sole role of a sugar tong? I don’t know. And actually,
do we care? What is important is that the evolution of our
system was motivated by the quest for increasingly efficient
and precise procedures, progressively gathering features
belonging to various devices.

Issues Independent of the Frame
Some important (or less important) issues are independent
of the type of frame. Practitioners are still determining the
quality of the procedure and their precision, which should
be solved by all users.
The brain shift often mentioned has nothing to do with
the frame but depends solely on the opening of the dura.
A large number of neurosurgeons still open the dura to
observe the cortex at the entry point and coagulate the cortical vessels to prevent bleeding. This approach is actually
insufficient as the most dangerous vessels are in the sulci,
invisible to the surgeon’s eye, and opening the dura just
allows a large amount of cerebrospinal fluid to escape and
be replaced by air. The vascular risk can be better avoided
through careful planning from the entry point, checking
possible collisions with arteries and veins all along the
trajectory of the probe by using neuronavigation based on
MRI or CT studies with contrast medium. Piercing the dura
under these circumstances can therefore be done safely
and suppresses the leakage of cerebrospinal fluid, thereby
preventing brain shift.
Precise targeting is the ultimate goal of stereotactic procedures. These two teams of authors report globally equivalent precision data, in vitro as well as in vivo. The care
taken by the surgical team to achieve this precision is more
important than which frame system is used. It depends on
the neuronavigation software, which is compatible with all
frames, in combination with microelectrode recording, intraoperative stimulation, and careful clinical evaluation of
the beneficial or adverse effects. Determining the exact
position of an electrode contact is a real challenge, and is
responsible for more inaccuracy than the method used to
position the electrode. Accuracy is defined by the distance
between intended and actual targets, and it is measured
through different methods. Such measurement is easier in
vitro than in vivo, where measurement is indirect, and also
includes additional causes of error, which are related not to
the frame (deviation of the probe in the tissue and during
penetration of the dura, using a guide tube, slippage of the
lead during anchoring, etc.) but to various extra procedures
and how they are executed.
Magnetic resonance imaging and CT are the only methods to provide x, y, and z coordinates relative to the same

references, but they strongly depend on radiological artifacts, which in turn depend on the equipment and on the
parameters used. Conventional X-rays are the most precise
tools but are not available in all operating rooms and require strict reproducibility of the placement of the head
(which is easier in frame-based situations, but still can
be achieved with frameless devices) as well as correction of
the parallax errors (from long distance setups or software
corrections).
Magnetic resonance imaging compatibility is not a major
issue today. The frame-based system (such as the Talairach)
used to be incompatible with MRI, but there was no need
for this at that time. The current versions of the CRW and
Leksell systems are MRI compatible, as are the majority of
frameless systems.
Claustrophobia happens, but not so often, and relates
more to the CT or MRI gantries than to the type of head
fixation.

Toward a Unified Stereotactic
Methodology
Systems will eventually converge into an optimal compromise, similar to what happened with airplanes, which now
share almost the same configuration of hull, wings, and
engines. Currently, all companies are designing accessories
and devices to provide smart solutions that decrease the
differences, with each system adapting the advances of the
others to improve the efficiency, precision, and ease of use.
This tends to create better tools and procedures globally,
and, in the long run, the consequence is that stereotactic
procedures become more refined, to the benefit of the patient, and maybe more than to the benefit of the surgeon.
(The frameless system is supposed to be easier to place, and
allows a faster procedure with less risk, for example.) The
future will bring more and more improvements that will
become compatible with all types of systems (such as the
Ben-Gun or more complex tools), as well as systems specifically for DBS that are accurate and reliable and combine
the benefits of frame-based and frameless systems. For instance, one company has designed a smart platform that
allows an X-Y correction of trajectories, which could be
adapted to any type of frame-based system. Finally, frameless systems always have a frame of some sort. Thus, one
could say, “stereotaxy is frame-based or is not stereotaxic.”
We should stop talking about frameless versus frame-based,
and talk about innovative modifications of the stereotactic
method, asking what they bring to the patient.
These two teams of authors show that both methods
have advantages and drawbacks, and the drawbacks can be
addressed through specially developed procedures. So this
is not really the question of doing the procedure with or
without a frame, which is addressed, but about how each
team manages to solve problems with smart accessories or
devices available from the various companies that are often
meant to compensate for the drawbacks of a given system,
either frame-based or frameless. The only valid compari-
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son could be done by having two series of randomized patients treated by the same group using the same methods
of imaging, microelectrode recording, and clinical testing,
and comparing the results on the basis of clinical improvement (the conditions of which are themselves far from
being consensual at this point). Our opinion is that we can
save this effort and instead concentrate on defining the requirements a stereotactic method should fulfill, more than
on how they are fulfilled. These requirements should include the following criteria:
•
•

Reliability of head placement
Reliability of spatial measurements

•
•
•
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Reliability and reproducibility of electrode placement
and fixation
Compatibility with most recent imaging techniques,
particularly for intraoperative controls
Compatibility with measurement methods, particularly
electrophysiology

In addition, we need to develop standards of use, to be
checked, taught, and transmitted to the users’ community,
in particular making sure that the apparent ease of the stereotactic method does not induce in young neurosurgeons
the feeling that this procedure is better tolerated and that
fewer precautions are necessary.
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The Application of Artificial Discs

Case
A 40-year-old man, who is a smoker, has C7 radiculopathy that did not respond to medical treatment,
and a large, soft single disc.

Participants
Advocating Against Artificial Cervical Discs: Rasha Germain and Volker K.H. Sonntag
Application of Artificial Cervical Discs: Ricardo B.V. Fontes and Vincent C. Traynelis
Posterior Discectomy for Soft Disc Herniation: Miguel A. Arraez
Moderator: The Puzzling Development of Artificial Cervical Disc Arthroplasty: A. El Khamlichi
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Advocating Against Artificial Cervical Discs
Rasha Germain and Volker K.H. Sonntag
Anterior cervical discectomy and fusion is the most common surgical procedure used and has proven successful in
the treatment of symptoms caused by degenerative cervical disc disease. First described by Smith and Robinson in
the 1950s and modified over the years, this procedure remains the gold standard for the treatment of disc herniation, foraminal and spinal stenosis, and axial discogenic
pain. Excellent clinical and radiographic outcomes are obtained in 85 to 95% of patients. Despite these good outcomes,
however, long-term studies of patients after discectomy
and fusion have shown that as many as 25% of patients may
develop recurrent radicular symptoms from adjacent segment degeneration. Furthermore, surgical intervention for
symptomatic adjacent-level disease has been reported in
as many as 2.9% of patients annually after fusion.1 Finally,
although it is not clinically correlated, radiographic evidence of adjacent-level disease has been reported in as many
as 92% of fusion-treated patients 5 years after surgery.2
The cause of adjacent-level disease after fusion is debated. It may be the result of an altered biomechanical
environment or due to the natural history of the degenerative process.3 The effects of cervical fusion on spinal biomechanics have been heavily studied. Intradiscal pressures
increase significantly during flexion at both superior and
inferior adjacent levels.4 Kinematic studies show increases
in mobility and angular displacement at adjacent levels,
both near and remote, after fusion.5,6 Nonetheless, no direct clinical correlation with these biomechanical findings
has been established. Whether the progression of cervical
disease can be halted by maintaining preoperative kinematics is still unknown.
The development of nonfusion spinal devices for use in
cervical arthroplasty has been driven by the hope that maintaining motion may decrease the incidence of adjacentlevel disease. Over the past 10 years, technology in the
realm of cervical arthroplasty has evolved and improved,
with various design revisions and the establishment of clear
indications for arthroplasty. The many device designs and
their kinematic characteristics must be considered when
selecting the appropriate device for implantation.7
Most arthroplasty devices have single-gliding or doublegliding interfaces, including ball-and-socket and saddle
designs, which allow rotation and translation around an
axis of rotation. To protect the facet joints from abnormal
stresses, an implant must have an axis of rotation that is
near-physiological. In some implants the axis of rotation is
fixed, and in others it is mobile. These devices also may be
semiconstrained or unconstrained, in which case they rely
on surrounding soft tissues to provide restraint in the extremes of range of motion. Maintaining the posterior longitudinal ligament enhances stability, and resection of this
ligament has been associated with hypermobility at the

index level and implant failure. Unconstrained devices allow
translation and diminish stress at articulating surfaces, although they may subject the facet joints to greater stress.
Unconstrained devices with a mobile axis of rotation are
more forgiving of small errors in placement; fixed axisof-rotation devices require more precise placement. Constrained devices achieve greater stability but transmit
greater stresses to articulating surfaces and require stronger fixation.
The Prestige (Medtronic Sofamor Danek, Memphis, TN),
ProDisc-C (Synthes, Paoli, PA), and porous coated motion
(PCM) (Cervitech, Rockaway, NJ) are semiconstrained devices, whereas the Bryan disc (Medtronic Sofamor Danek)
is unconstrained. Both the Bryan and Prestige discs have
mobile centers of rotation, in contrast to the fixed centers
of rotation of ProDisc-C and PCM devices. Thus, aside from
general procedural considerations with the placement of a
prosthesis, there are concerns about which device will best
serve the patient.
Clinical trials in Europe, Canada, the United States, Australia, and China have sought to determine the safety and
short-term efficacy of several of the available cervical discs.
Many studies have focused on the Bryan disc, ProDisc-C,
and Prestige.8–10 Early surgical results appeared promising,
with most reported complications related to the learning
curve associated with device implantation. Early and 24month clinical results appeared promising as well, with
good postoperative ratings of patient satisfaction, an improved neck disability index, improved neck and arm pain
scores, and an earlier return to activity as compared with
traditional anterior cervical discectomy and fusion.11–13
Nonetheless, longer follow-up has raised several concerns that merit further investigation. First, it is difficult to
assess the accuracy of clinical outcomes obtained through
patient surveys. Within the noninferiority studies conducted in the U.S., a primary determinant of “success” has
been more than a 15-point improvement in the neck disability index, a survey outcome measure that each patient
completes during follow-up. When a new device becomes
available, patients’ enthusiasm for the “improved” technology is a well-known phenomenon. Patients who complete
follow-up assessment forms are likely to express an inherent bias, especially if they are dissatisfied about not receiving the “new technology.” Studies done with patients
randomized at surgery, with both the patient and examiner
blinded during follow-up to the treatment received, will
help resolve this issue.
Second, the purpose of cervical arthroplasty has been
to maintain the patient’s preoperative level of functional
spinal unit-motion parameters, including range of motion,
translation, and center of rotation. Although most shortterm studies document near-physiological motion after
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cervical arthroplasty, the magnitude of prothesis motion
has been noted to decrease with time. Kinematically, therefore, several devices become equivalent to a fusion over
time. In 2008, Sasso and Best14 reported that, at 24 months,
more flexion and extension motion was retained in the
group of patients undergoing Bryan disc replacement
than in those receiving plates at the index level (6.7 degrees vs. 0.6 degrees, respectively). During flexion and extension, however, the range of motion both above and
below the operative level was not significantly different
between the groups of patients. Likewise, at the 12-month
follow-up, the increase in anterior/posterior translation
initially noted at 6 months at the level above fusion in patients receiving plates was not significantly different from
that of the disc replacement group. Longer follow-up is
needed to determine whether disc replacement preserves
preoperative kinematics at the levels adjacent to fusion, or
whether the trend will continue toward loss of motion
even with arthroplasty.
Heterotopic ossification, both anteriorly and posteriorly,
resulting in fusion across the implant level has also been
reported. McAfee and colleagues15 proposed a classification scheme to study heterotopic ossification in the lumbar
spine, and Mehren and associates16 adapted the scheme for
heterotopic ossification in the cervical spine (Table 22.1).
In a prospective study of 54 patients (77 total implanted
prostheses, ProDisc-C, Synthes), only 33.8% of patients
showed no signs of heterotopic ossification at 1 year. Ossification of grade 2 to 3 was present in 49.4% of patients, and
10.4% of the patients had heterotopic ossification that restricted their range of motion. Spontaneous fusion of the
treated segment was noted in 9.1% of cases. Furthermore,
the rate of heterotopic ossification was significantly higher
in multilevel cases compared with single-level cases. Goffin
and colleagues17 measured the range of motion of 139 implanted Bryan cervical discs at 1 year. The range of motion
of 18 discs (12.9%) was less than 2 degrees, and further
evaluation with computed tomography (CT) showed evidence of anterolateral paravertebral ossification. With a
3-year follow-up, Sola and coworkers18 found evidence of
heterotopic ossification in 16 of 21 patients with implanted
Bryan discs (76.2%), missing motion in 10 (47.6%), and definite fusion in six patients (28.6%). The ossification appeared anteriorly in all of these patients. In the U.S., current
investigational device-exemption study designs include a
2-week course of postoperative nonsteroidal antiinflammatory drugs, which, in orthopedic surgeries, have been shown
to inhibit ossification when administered early in the postoperative period. The outcomes of long-term studies of this
issue will be interesting.
Recently, several papers have addressed the issue of
changes to sagittal cervical alignment after disc replacement. In 2004, Pickett and colleagues19 reported that preoperative alignment worsened in all 14 of their patients
who underwent implantation of a Bryan disc, with a mean
change in end-plate angle of –3.8 degrees, and a mean
change in functional spinal unit angle of –6 degrees. Simi-

Table 22.1 Grades of Heterotopic Ossification in Cervical
Arthroplasty
Grade

Extent of Heterotrophic Ossification

0

None present

I

Detectable in adjacent soft tissues, but not
within the confines of the intervertebral disc
space

II

Present between end plates, with possible effect
on prosthesis motion

III

Present with bridging osteophytes; restricting,
but still permitting motion

IV

Causing fusion across the treated level

Source: Modified from McAfee PC, Cunningham BW, Devine J, Williams E,
Yu-Yahiro J. Classification of heterotopic ossification (HO) in artificial
disk replacement. J Spinal Disord Tech 2003;16:384–389; and Mehren C,
Suchomel P, Grochulla F, et al. Heterotopic ossification in total cervical
artificial disc replacement. Spine 2006;31:2802–2806.

larly, Johnson and associates20 reported that, of 10 patients
undergoing single-level arthroplasty, 80% developed endplate kyphosis through the prosthesis, with a mean loss of
4.7 degrees of lordosis. The overall loss of lordosis (C2-C7)
was –2.7 degrees, which was not statistically significant.
Fong and coworkers21 reported that 9 of their 10 patients
undergoing single-level arthroplasty developed kyphosis
through the operative level, with a mean change of –9 degrees. No significant change in overall cervical alignment
was detected. In a larger study by Sears and associates,22
both the median loss in functional spinal unit lordosis and
the median development of prosthesis shell kyphosis was
2 degrees. The mean overall loss in cervical lordosis (C2-C7)
was 4 degrees. None of the changes in sagittal alignment
were clinically correlated in any of the studies. Pickett and
colleagues,23 however, described one patient with marked
segmental kyphosis after cervical arthroplasty who underwent revision surgery 8 months later to correct the deformity. His symptoms resolved 12 months after the second
surgery.
Many studies have focused on the effect of fusion on the
sagittal alignment of the cervical spine, and the development of kyphosis may prove to be clinically important in
the development of adjacent-level disease and symptoms
of pain. Kawakami and associates24 found that the risk of
axial symptoms after cervical fusion was significantly related to cervical kyphosis and loss of vertebral body height
at the fused segment. In addition, one factor found to promote degenerative change in the levels adjacent to a fusion
was kyphotic change across the fused segment and overall
loss of cervical lordosis.25 As yet, no single surgical or clinical factor appears directly responsible for the development
of postoperative kyphosis after cervical arthroplasty. The
issue merits further investigation if indeed kyphotic change
is associated with progression of disease.
Finally, preservation of motion through nonfusion technology introduces the possibility of same-level degeneration,
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a problem not typically encountered after solid fusion.
Same-level degeneration may involve the intervertebral
disc, facet joints, or ligamentum flavum. Because segmental motion is preserved, progressive facet arthrosis leading
to joint hypertrophy is a concern.26 Exclusion criteria for
cervical arthroplasty include facet arthrosis at the affected
level.
Furthermore, imaging after cervical arthroplasty is problematic. Magnetic resonance imaging (MRI) is the standard
modality for evaluating patients both before and after surgery. Despite promising early clinical results, reoperation
at the index level after cervical arthroplasty has been reported, and imaging is necessary in the event of suspected
device failure or in patients with new neurologic symptoms.27 Due to image artifact after disc replacement, it may
be more difficult to determine the presence of same- or
adjacent-level disease. The clarity of MRIs was analyzed by
comparing four available devices.27 Both Bryan and Prestige
LP devices enabled satisfactory visualization of the spinal
canal, exit foramina, and both adjacent levels. However, the
quality of MRIs deteriorated significantly at both index and
adjacent levels with the ProDisc-C and PCM devices. The
relatively high metal content of the devices also produced
artifact on CT scans. Thus, after initial flexion/extension
plain films have been obtained, further evaluation of the
implant position and range of motion would require CT
myelography.
More years of follow-up are needed before the role of
cervical arthroplasty in the treatment of degenerative cer-
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vical disc disease can be determined. If the goals are to
maintain segment motion and to offset the progression of
adjacent-level disease, the focus must be on demonstrating
that cervical arthroplasty meets these demands. Few reports on the long-term outcomes of cervical artificial discs
are available, but some trends are developing. With 3 years
of follow-up, Sola and associates18 reported anterior ossification in 16 of 21 operated levels (76.2%), missing motion
in 47.6%, and definite fusion in 28.6%. We have noted the
progression of adjacent-level disease in patients after cervical arthroplasty (Figs. 22.1, 22.2, 22.3).
The experience with lumbar disc replacement has provided clues and ideas about how to avoid pitfalls with
patient selection and device construction. Likewise, longterm studies with lumbar devices may provide clues about
the future of cervical arthroplasty. With a 17-year followup, Putzier and associates28 reported a spontaneous fusion
rate of 60% with lumbar disc replacement. Bertagnoli and
Schönmayr29 reported a 5% incidence of adjacent-level
degeneration with a 2-year follow-up, whereas Huang
and colleagues30 reported a 24% incidence with a 9-year
follow-up.
Until long-term information about implanted cervical
devices is available, our expectations and patient selection
criteria should remain conservative. The device should be
offered only to patients who stringently meet the determined criteria. Furthermore, the potential for progressive
adjacent-level disease must be recognized, irrespective of
the surgical technique employed.

a

Fig. 22.1a,b Preoperative axial (a) and sagittal (b) T2-weighted
magnetic resonance imaging (MRI) scans showing a C6/7 herniated disc with right foraminal stenosis. The patient had suffered
from persistent right-arm pain consistent with a right C7 radiculopathy for 2 years, and conservative treatment had failed. (Courtesy of the Barrow Neurological Institute.)

b
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b

c

d
Fig. 22.2a–d Lateral view extension (a,c) and flexion (b,d) radiographs from the day of surgery (a,b) and 1 year later (c,d). After
undergoing placement of a Prestige artificial disc at C6/7, the patient still suffered the original pain and had new pain in the right

arm. Note the loss of height at the superior adjacent level C5/6
and the loss of lordosis. (Courtesy of the Barrow Neurological
Institute.)
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a

Fig. 22.3a,b Axial (a) and sagittal (b) computed tomography
(CT) scan images obtained 15 months after surgery show evidence of adjacent-level loss of height at C5/6 and right foraminal
narrowing consistent with the patient’s new and worsened symptoms of right arm pain. (Courtesy of the Barrow Neurological
Institute.)

b

Application of Artificial Cervical Discs
Ricardo B.V. Fontes and Vincent C. Traynelis
Several operative approaches are available to treat the cervical radiculopathy from this patient’s disc herniation. We
believe that cervical arthroplasty represents the best treatment strategy in such a relatively young individual who
presents with single-level symptomatic disease with normal alignment and relatively little spondylosis. In this section, we present the evidence supporting this opinion.

Posterior Discectomy
Posterior cervical decompression promptly relieves radicular symptoms, and fusion is not required. Unfortunately,
the durable efficacy of this treatment option has yet to be
defined in any scientifically valid study. Experienced surgeons have published descriptions and analyses of the procedure and a critique of the most significant works follows.
Scoville and colleagues31 presented 208 cases with longterm follow-up, but the review is seriously flawed because
of selection bias. The reported experience represents only
13% of the total group of patients treated with a posterior

cervical discectomy over the time of the study, and no information is provided to explain how the study group was
chosen. Therefore, the findings from such a highly selected
group cannot be expected to represent the overall outcomes
of this procedure. Murphey and associates32 treated 648
patients over a 34-year period but chose to report the outcomes of only 380 cases. Similar to the work of Scoville and
colleagues, the reasons for limiting the review to a small
subset of the total experience are unclear. These authors
do not provide any information concerning the duration of
follow-up, and data regarding axial neck pain and the need
for additional surgery are not included. These shortcomings completely negate the reported findings.
Henderson and colleagues33 performed a retrospective
review of 846 consecutive patients with a mean follow-up
of 146 weeks. Radicular symptoms recurred in 172 patients
(20.3%) and a second procedure was required in 103 patients (12.2%). The average time between the two operations (169 weeks) was greater than the mean length of
follow-up for the entire series, which led the authors to

398

Controversies in Neurosurgery II

speculate that “the long-term recurrence rate might well
be higher than indicated.” Furthermore, in the course of the
study, 32 patients (3.8%) were ultimately treated with an
anterior cervical fusion.
Kumar and associates34 addressed the outcome after cervical foraminotomy for radiculopathy due to osteophytic
nerve-root compression, and the records of 89 consecutive
patients were retrospectively reviewed. Although the mean
postoperative follow-up was only 8.6 months, further surgery for recurrent root symptoms was required in 6.7% of
patients, which represents a relatively high failure rate over
such a short time. Clarke and coworkers35 retrospectively
reviewed 303 patients treated with a posterior cervical foraminotomy. In this group, 20% had less than 3 months of
follow-up and 30% had less than 1 year of follow-up. The
main interest of this study was to assess adjacent-segment
disease after posterior discectomy, but the poor follow-up
does not allow for a valid assessment of that problem.
All of these papers represent the best data available. Unfortunately, the selection process and short follow-up introduces significant bias, and none of the studies employed
validated outcome measures. Axial neck pain and return to
work were not included in the reviews. The best long-term
study suggests that this procedure is associated with a rela-

Fig. 22.4

tively high failure rate.33 In summary, although posterior
cervical discectomy may have excellent short- and longterm results, there are no data to support this conclusion.

Anterior Fusion and Arthroplasty
Anterior cervical discectomy and fusion (ACDF) enables
direct neural decompression and reconstruction of the anterior spinal column. The overall outcomes of ACDF have
been reported in numerous retrospective studies, and data
have accumulated from prospective investigations. The best
data were acquired in the arthroplasty trials, which compared single-level cervical arthroplasty to an instrumented
anterior fusion. Each of these studies is reviewed in the
following paragraphs.
In 2007, the results of a randomized trial comparing
single-level arthroplasty with the metal-on-metal unconstrained Prestige cervical disk system (investigational) to an
instrumented ACDF (control) were published36 (Fig. 22.4).
The 32-center study enrolled a total of 541 patients (276
arthroplasty, 265 ACDF), and 80% of the patients treated
with arthroplasty and 75% of those treated with ACDF completed clinical and radiographic follow-up at the end of
2 years. The mean operative time was 90 minutes, and the

Lateral flexion and extension cervical radiographs after a cervical arthroplasty.
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average hospitalization was 1 day for both groups. The need
for secondary surgical procedures (revisions, supplemental
fixation, and hardware removal) in the ACDF group was
8.7%, which was statistically greater than that of the arthroplasty group (1.8%). Additionally, second surgeries at the
adjacent levels were also more common in the ACDF group,
with 11 procedures as opposed to three in the arthroplasty
group. The incidence of adverse events was statistically similar in both treatment arms (arthroplasty 6.2%, ACDF 4.2%).
Clinical outcome measures included the Neck Disability
Index (NDI), the Short Form questionnaire (SF-36), neck and
arm pain numeric rating scales, and neurologic and work
status. Although great improvement was seen in both treatment groups compared with the patients’ preoperative state,
there were some discrepancies between the cohorts. The
arthroplasty group showed higher rates of NDI improvement at all postoperative intervals compared with the ACDF
group, achieving statistical significance at 3 months. The
arthroplasty group had statistically favorable neck pain
scores at 12 months compared with the ACDF group. Neurologic success was higher in the investigational group
(92.8%) compared with the control group (84.3%) at the
2-year point. Patients undergoing arthroplasty returned to
work 16 days sooner than those undergoing ACDF. The Prestige implant maintained segmental sagittal angular motion
averaging more than 7 degrees at the 2-year follow-up.
The results of the semiconstrained metal-on-high-
molecular-polyethylene ProDisc-C were published in 2009.37
This study involved 13 centers at which 209 patients were
enrolled. The investigational group consisted of 103 patients
who underwent single-level arthroplasty with ProDisc-C,
and the control group included 106 patients treated with
an instrumented ACDF. Of these patients, 98% of the investigational group and 94.8% of the control group completed
the 24-month follow-up period. The average intraoperative
times for the investigational and control groups were 107.2
and 98.7 minutes, respectively. Blood loss and total hos
pitalization times were similar. The NDI scores improved
tremendously after treatment with both modalities. Visual
Analogue Score pain scores and the physical and mental
components of the SF-36 showed statistically significant
improvement compared with preoperative levels, but there
was no difference between the two groups. Patient satisfaction was higher at all time points in patients undergoing
reconstruction with an arthroplasty. Secondary surgical
procedures occurred at a rate of 1.9% in the ProDisc-C
group and 8.5% in the fusion group, similar to the results of
the Prestige study. Device success (defined as no revision,
removal, or reoperation) was 98.1% in the ProDisc-C group
compared with 91.5% in the fusion group, which represented a statistically significant difference. The decline in
narcotic and muscle relaxant use in the investigational group
was statistically significant at 24 months. The ProDisc-C disc
replacement successfully maintained motion throughout
the study.
The study results for the Bryan cervical disc were also
published in 2009.13 There were 30 investigational sites
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and the study randomized 242 individuals into the arthroplasty group and 221 into the ACDF group. Of these, 230
patients in the arthroplasty group and 194 patients in the
ACDF group completed 2-year follow-up. As with the other
studies, blood loss and operative and hospitalization times
were similar between the treatment groups. Patients receiving an artificial disc did significantly better in terms of
NDI improvement and neck pain scores than those treated
with arthrodesis. Overall, 1.7% of patients in the investigation group and 3.4% of patients in the control group suffered implant-related serious adverse events. At the end
of the follow-up, 2.5% of patients receiving a Bryan disc
replacement and 3.6% of patients treated with an instrumented arthrodesis required a second operation at the
index level. Preoperatively, the affected levels in the arthroplasty group had an average of 6.5 degrees of flexion/
extension motion, which increased to 8.1 degrees at the
final follow-up. Before surgery, 65% of the patients in both
groups were working. The overall return to work significantly favored the investigational group (48 vs. 61 days).
Further cost analyses add an interesting dimension to
the debate. Bhadra and associates38 studied the direct
costs of four different surgical techniques to treat cervical radiculopathy. Arthroplasty yielded the second-lowest
cost, second only to intervertebral allograft-only ACDF
(without a plate). Recently, a health-economic assessment
of cervical disc arthroplasty compared with allograft fusion showed that arthroplasty was associated with an average total savings of $6,978 per patient at 2 years after
surgery. The cost difference was due to the lower reoperation rate and shorter return-to-work time of the arthroplasty group.39
Single-level ACDF does not alter global cervical motion,
but there is increasing evidence that it alters biomechanical factors at adjacent levels, which may increase the risk of
a patient developing adjacent-segment disease.40–43 Even
if the incidence of symptomatic adjacent-segment disease
after arthroplasty is equal to that seen with arthrodesis, we
believe that preserving motion alone is an important goal.
Although a single-level fusion does not have an impact on
global cervical motion, the same is not true once multilevel
fusions are necessary. Every segment that maintains normal physiological motion increases the potential for the
patient to resume a fully active life.

Conclusion
Cervical arthroplasty is one of the most carefully studied
and documented spinal procedures. It has been shown to
be safe and effective and it preserves normal segmental
motion. It is associated with a higher return-to-work rate
and more rapid normalization of NDI and analogue pain
scores than is ACDF. It appears to be associated with a decreased need for further surgery over the 2-year study
periods, and it has an economic advantage over ACDF. For
these reasons, we believe that arthroplasty is the best treatment alternative for this patient.

400

Controversies in Neurosurgery II

Posterior Discectomy for Soft Disc Herniation
Miguel A. Arraez
A herniated disc is the most common indication for surgery
in patients with disorders of the cervical spine. The posterior approach was developed in the 1930s and 1940s, but
its obvious limitation in treating purely ventral herniated
discs led to the use of the anterior approach. The posterior
approach includes decompression techniques for patients
with myelopathy as well as a posterolateral approach (laminoforaminotomy) for purely lateral root compression. This
latter approach, which has been clearly encouraged in recent decades by the development of techniques for surgical
field magnification, is the subject of this section.

Patient Selection
Patient selection through clinical and neuroradiological
evaluation is of paramount importance for this approach.
Only patients with cervical radiculopathy are candidates
for the posterolateral approach, and those patients with
concomitant spinal cord compression (myelopathy, myeloradiculopathy, or both) must be excluded. The neurologic
examination can be complemented with a neurophysiological study to confirm the extent and severity of radicular
involvement.
Pathophysiologically, root compression can be due to
pure posterolateral disc herniation or to osseous root compression from foraminal stenosis. In patients with radicular
involvement from a herniated disc, an MRI study can show
the disc herniation as well as certain details of surgical in-

terest, such as the site of the disc material in relation to the
common posterior ligament and the foramen (Fig. 22.5).
The most satisfactory surgical results can be obtained in
patients who have radicular symptoms from pure disc herniation with posterolateral extrusion. In these patients, the
symptoms are usually of sudden onset. The other group of
patients who can benefit from this approach present with
root pain in relation to the phenomena of osteophytosis of
the uncovertebral processes or adjacent facets, constituting
a clear foraminal stenosis. In these patients, a CT scan with
bone algorithm is clearly indicated. This scan enables the
surgeon to analyze the osseous anatomy of the foramen
and suggests the degree of decompression and facetectomy
needed (Fig. 22.6).

Surgical Technique
The procedure is performed with the patient under general
anesthesia and in either a sitting position or a prone decubitus position. I prefer the sitting position, as the surgical
field more easily remains bloodless, and it allows for some
contralateral tilt, which contributes to a certain degree of
aperture of the involved interlaminar space. A needle situated in the interspinous region permits radioscopic localization of the space. A skin incision of just a few centimeters
is followed by sectioning of the subcutaneous plane and
fascia, with subperiosteal dissection and unilateral separation of the paraspinal musculature. The use of a tubular or

a

b
Fig. 22.5a,b (a) An MRI scan of a 45-year-old patient with an
abrupt onset of right arm pain. The image shows a right herniated
disc at C6-C7. Some fragments extrude through the posterior
longitudinal ligament (white arrow) and compress the C7 root, a

very good indication for the posterolateral laminoforaminotomy
approach. (b) Sagittal view. The sequestered disc is completely
out of the intervertebral space and behind the vertebral body.
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Fig. 22.6 A CT scan of a 63-year-old patient with right brachialgia from involvement of the C8 root. The posterolateral approach
is useful to treat nerve root compression from foraminal stenosis.
The scan with a bone algorithm shows marked degenerative
changes and spondylotic foraminal stenosis. This bone algorithm
is of great help to ascertain the extent of facetectomy needed to
decompress the nerve root.

autostatic retractor exposes the laminas and joint processes.
The advantages of tubular retractors include less blood loss,
less postoperative pain, and a shorter hospital stay.44 Magnification is vitally important, either with microsurgery or
endoscopy.
A high-speed drill or 2-mm Kerrison rongeur can be
used to widen the interlaminar distance and expose the
yellow ligament, which is poorly consistent. Depending
on the individual patient, some degree of facetectomy may
be necessary, more often in cases of foraminal stenosis. The
affected dura mater and root are exposed, but sometimes
an epidural tissue wraps the neural elements like a sleeve
and may hinder their identification. The root can be separated into its motor and sensory components before exiting
through the foramen (Fig. 22.7).
Epidural venous bleeding can occur, though it ceases
easily through compression with cottonoids. Examination
maneuvers (with a nerve hook or Penfield dissector) are
usually done to mobilize the nerve root, but with a certain
risk to its integrity. The circular movements and traction
used with the nerve hook permit approximation to the surgical field of extruded fragments lodged between the dura
mater and the posterior common vertebral ligament, as well
as fragments extruded but anterior to this ligament (that
sometimes require blunt penetration for disc removal). In
any case, a discectomy at the level of the intervertebral
space (nonextruded fragments) should not be exhaustive.
It is worth noting that broad-based centrolateral hernia-
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Fig. 22.7 Surgical view after disc removal through a left posterolateral micro-laminoforaminotomy approach. The foraminal
region is exposed. The white arrow indicates the root, which has
already been divided into sensory (superior and posterior) and
motor (inferior and anterior) aspects before it enters the foramen. A minimal facetectomy was done. F, superior facet; IL, inferior lamina; SL, superior lamina.

tion is not a good indication for this technique; neither, of
course, is central disc herniation or any form of myelopathy.
When the compression involves bone, some degree of
facetectomy is necessary, but this facetectomy should not
surpass 30 to 50% of the joint as there may be a degree of
postoperative instability and pain. Some anatomic studies
show that exposing the root may be satisfactory with drilling of no more than 15%.45 The resection of uncovertebral
osteophytosis is usually dangerous for the root and should
be avoided as much as possible. After adequate root decompression and confirmed hemostasis, the planes of the
fascia, subcutaneous tissue and skin are closed. Patients
do not normally require cervical immobilization, and can
be discharged from the hospital after 24 to 48 hours. Excellent descriptions of this surgical procedure have been published by Zeidman and Ducker.46,47

Discussion
The choice of approach for patients with degenerative cervical disorders has been a constant controversy in the neurosurgical literature. Use of the anterior cervical approach
is usually followed by intersomatic fusion and is associated
with some potential risks: pain and infection at the graft
donor site, graft or plate malposition, penetration of the
mediastinal viscera, and arterial and cervical nerve lesions. Cervical immobilization is necessary after the surgery.
When various levels are approached, the degree of limited
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cervical mobility after arthrodesis of various segments is a
clear disadvantage. Adjacent-level degenerative changes and
disease have been widely reported after anterior fusion.
Although the current techniques for arthroplasty (an alternative for arthrodesis) avoid postoperative immobilization,
they have not yet shown that long-term cervical motility
is preserved or adjacent-level disease prevented.48
The approach through a posterior laminoforaminotomy
does not require fusion or postoperative orthesis, as it preserves the anatomy and function of most of the affected
disc and therefore eliminates any concern about degeneration of the adjacent segments. It also permits the examination and treatment of various adjacent levels simultaneously.
Furthermore, the morbidity is somewhat lower than that of
the anterior approach.49
The results of the posterolateral approach via lamino
foraminotomy show improvement of the radicular symptoms in 85 to 97% of patients.33,34,50–52 Zeidman and Ducker46
reported improvement in pain and motor involvement in
97% and 98% of 172 patients, respectively. Patients with
spondylotic foraminal stenosis have the same rate of improvement, but postoperative neck pain can be as high as
23%.53 A constant finding in all studies is the high rate of
functional recovery and return to normal activities,33 and
several studies report similar overall results when the procedure is undertaken with endoscopy rather than microsurgery.54–57 A herniation relapse at the site of the operation

is very uncommon.33 A systematic review of the laminoforaminotomy technique according to evidence-based medicine concluded that posterior laminoforaminotomy “is an
effective treatment for cervical radiculopathy” (evidence
class III and strength of recommendation D).58
The morbidity of this approach is low. The most frequent complication is the appearance of postoperative
dysesthesias. Postoperative radicular motor involvement is
very unusual and often transitory. It is important to avoid
excessive root traction and appropriately identify its motor
component, which may be in one single sheath beside the
sensory root or in an independent anteroinferior sheath.
Another possible complication is a dural tear (less than 1%),
which rarely leads to a frank cutaneous cerebrospinal fluid
fistula. The appearance of neck pain may be due to an excessive facetectomy.

Conclusion
The posterolateral approach via micro-laminoforaminotomy
is an excellent technique to treat patients with cervical radiculopathy from disc herniation or foraminal stenosis with
no associated myelopathy. The technique avoids the need for
intersomatic fusion, is highly effective to treat the pain, and
has a low rate of complications. The clinical-radiological
selection of the patient is crucial for this approach.

Moderator
The Puzzling Development of Artificial Cervical Disc Arthroplasty
A. El Khamlichi
Cervical radiculopathy caused by a herniated intervertebral disc is frequent in our daily neurosurgical practice.
After conservative treatment fails, the nerve roots can be
successfully decompressed through either anterior or posterior approaches. The main indications for a posterior
laminoforaminotomy are lateral soft disc herniation and
foraminal stenosis.1,36,54,55,59,60 The ACDF is indicated for central and paracentral disc herniation with radial osteophytes
and uncovertebral joint spears.61–63 The ACDF, introduced
by Smith and Robinson in 1958 and widely disseminated
by Cloward, is considered today to be one of the most successful cervical spine procedures to treat patients with cervical radiculopathy. Its goals are to ensure decompression
of neural structures, permanently stabilize the segments,
and preserve the cervical disc height by replacing the removed disc with several grafting techniques.63–66
In spite of the high success rate of ACDF, several articles
over the past 15 years emphasize that fusion increases the

stress on adjacent segments and contributes to degeneration at these adjacent segments, which can lead over the
years to symptomatic adjacent-level disease and a need
for new surgery in some patients (3 to 25% at 10 years of
follow-up).1,37,42,67 This criticism of ACDF resulted in the
development of the artificial cervical disc prosthesis to replace the removed disc (cervical arthroplasty). Theoretically, the artificial disc was designed to take the place of the
normal intervertebral disc, with the aim of producing physiological motion while acting as a shock-absorber for the
spine. Ideally, the disc prosthesis preserves motion at the
operated level and prevents degeneration and symptomatic
adjacent-level disease. Although the first report of cervical
disc replacement in the medical literature came from Africa
in 1964,68 cervical arthroplasty was mainly developed over
the past 10 years. Today, despite the large number of artificial discs already implanted in many patients and the several
randomized trials comparing one-level cervical arthroplasty
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to one-level ACDF, the clinical relevance of disc arthroplasty has not yet been determined, and a great debate has
been engaged between those who are in favor of and those
who are against cervical arthroplasty.

Arguments Against Artificial
Cervical Discs
Perhaps the greatest argument against the use of artificial
cervical discs is their technical insufficiency. The mechanical characteristics of the discs available on the market
today do not yet allow motion of the operated segment
with respect to the physiological motion of the cervical
spine so as not to harm other structures (facet joints, discs,
vertebrae, ligaments, and muscles). In other words, the
device that can best serve the patient has not yet been
manufactured.
Although many clinical trials have reported good postoperative satisfaction by patients and promising results at
short-term follow-up (6–12 months), long-term evaluation
has revealed several problems that need more investigation. First, the results of randomized studies should be based
not only on the patients’ surveys but on both the patients’
and examiners’ blind appreciation during the follow-up.
Second, although short-term studies document good motion after cervical arthroplasty, long-term follow-up has
shown that the magnitude of this movement decreases
with time. In addition, the range of motion seems to differ
significantly above and below the operated level both in
patients with arthroplasty and those undergoing fusion.
Third, progressive ossification of the implanted disc, which
has already been reported at the lumbar level, can also
occur at the cervical level, and can result in fusion across
the implant with definite loss of motion in more than half
of patients after 3 years. Fourth, the long-term risk of kyphosis after cervical fusion and its role in the development
of adjacent-level disease has been well documented in several studies. The loss of vertebral body height at the fused
segment is known to be the main factor leading to these
changes. Arthroplasty, with its preservation of motion of
the artificial disc, was supposed to prevent such changes in
the cervical spinal element. Unfortunately, as several studies
demonstrated, kyphosis can also occur after disc replacement with degenerative changes at the adjacent levels. In
addition, because of the nonphysiological segmental motion, these degenerative changes may involve facet joints
and the ligamentum flavum. Nonsurgical and clinical factors have yet to be recognized as responsible for kyphosis
and its consequences on arthroplasty.
The imaging quality after cervical arthroplasty also remains problematic, with artifacts degrading the quality of
both MRI and CT scans. But these imaging techniques are
often needed to assess the results of surgery or for patients
with postoperative clinical symptoms.
Lastly, long-term experience with lumbar disc replacement has shown a high rate of spontaneous fusion and adjacent-level degeneration. These findings should be taken
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into consideration while we await the long-term evaluation of cervical disc replacement.

Arguments in Favor of Artificial
Cervical Discs
The first point in support of the use of artificial cervical
discs is that posterior discectomy has no durable efficacy,
and there are no scientifically valid studies to evaluate the
long-term results of this technique. Thus, it cannot replace
the anterior approach.
Several randomized trials comparing single-level cervical arthroplasty with ACDF have shown better results with
arthroplasty. In 2007, the 32-center study of 541 patients
(276 arthroplasties with the unconstrained Prestige cervical disc and 265 ACDF) reported a greater need for a second
surgery at the operated level or adjacent levels in patients
undergoing ACDF than in those having arthroplasty, with
slightly better results for neck pain and a return to work in
the arthroplasty group.36 A cumulative study of 13 sites
involving 209 patients (103 arthroplasties with the unconstrained ProDisc and 106 ACDF) has also shown a higher
rate of second surgery in the ACDF group compared with
those undergoing arthroplasty.37 This study also documented that the disc maintains motion at 2 years’ followup. The 30-center study in 2009, involving 463 patients
(242 arthroplasties with the Bryan disc and 221 ACDF) has
shown better clinical results in patients undergoing arthroplasty than ACDF, with secondary surgery in 2.5% of those
undergoing arthroplasty and 3.6% for the ACDF group. In
a financial analysis of both techniques, two studies found
that arthroplasty has a lower cost than ACDF.

Bridging the Gap Between Opinions
An analysis of the arguments both in favor of and against
cervical disc arthroplasty allows us to point out some evidence. First, the artificial cervical disc needs more homogeneity in biomedical data and in-vitro testing protocols. To
be able to compare the different artificial devices and make
a suitable choice for a patient, the neurosurgeon should be
able to compare the biomedical characteristics of the different discs available on the market today. In their literature review of the biomechanical properties of artificial
cervical disc prostheses, Bartels and colleagues69 found
several papers dedicated to the subject. They requested information from the manufacturers and tried to compare
the biomechanical characteristics of the 11 artificial discs
used in clinical practice. They discovered that the main clinical characteristics, such as range of motion, sheer resistance, compression fatigue, and wear, were not mentioned
in the manufacturers’ information for all these devices. But
the outcome results are highly dependent on these biomechanical properties. In addition, the continuous evolution
and adaptation of different prostheses makes the comparison difficult. For example, the Prestige disc on the market
in 1998 was the Prestige I. The Prestige II appeared in 1999,
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the Prestige ST in 2002, the Prestige STLT in 2003, and finally the Prestige LP in 2004.69 The same lack of homogeneity is found in the cadaveric studies testing the in-vitro
motion of the prostheses. Some of these studies targeted
the cervical spine from C2 to T1,6,70 others from C3 to
C1,71,72 or from the occiput to T2.73 The posterior longitudinal ligament was maintained intact in some tests, whereas
in others it was removed through a conventional discectomy. The results of in-vivo tests of the immunologic response were available for only two disc prostheses.73 With
such a disparity of information about the biomechanical
properties of the different devices and the results of their
testing, whether in the laboratory or in vitro, choosing the
appropriate artificial disc to implant can be difficult, and
the neurosurgeon may have difficulty clearly advising the
patient.
Second, the main reason favoring the use of artificial
cervical discs is to maintain motion in the implanted segment and prevent the adjacent-level disease that may
occur with ACDF.40,43 This reason, however, is more theoretical, and the direct relationship between adjacent-level
disease and the fusion is still a great subject of debate and
has never been clinically documented. Furthermore, some
studies of cervical arthroplasty show that a second surgery
was also done for adjacent-level disease although the longterm follow-up in most of these series is limited to 24
months.74 Proponents of artificial cervical disc implantation have not yet confirmed that long-term cervical mobility can be preserved or that adjacent-level disease can be
definitely prevented.48
Third, the clinical measurements and tests that show
the superiority of cervical arthroplasty compared with
ACDF are subject to criticism. In many randomized clinical
trials, the clinical results of disc prosthesis compared with
ACDF were based on the fact that, in follow-up, patients
with arthroplasty have less arm and neck pain and return
to work earlier than those treated with ACDF. The difference
was even statistically significant after a 6-month followup, but at 24 months none of these outcome measures
favored arthroplasty for arm pain or neck pain. A potential
explanation of this difference in arm pain in short-term
follow-up is that patients undergoing arthroplasty may
be pleased with their immediate positive results. Theoretically, the decompression of the nerve root is the same in
either procedure. Therefore, the results of arm pain should
be the same in both postoperative groups, and the differ-

ence cannot be explained theoretically by the use of the
disc prosthesis. The neck pain in patients undergoing ACDF
can be explained by the need for an adjustment period
after surgery, during which other segments (discs, facets,
joints, muscles) accommodate extra motion to compensate
for the motion lost at the fused segment, and this can result
in some pain. This does not happen in arthroplasty, but
at 24 months the adaptation is already done and the neck
pain disappears. Regarding an earlier return to work, it
should be pointed out that most patients with ACDF are
advised to wear a cervical collar, which may be a reason to
delay the return to work. So although many cervical artificial discs are implanted worldwide, the clinical evidence
of the superiority of cervical arthroplasty compared with
ACDF has never yet been documented.
Fourth, there is no doubt today that the implantation of
artificial cervical discs is being promoted very aggressively.
Neurosurgeons should not forget that the manufacturers
of the implants and instruments used are in business, and
they want to make money by bringing new products on the
market. They encourage and support randomized trials to
take advantage of evidence-based medicine as a powerful
marketing tool. Of course, the influence of financial interests is not always easy for some investigators to resist.
Therefore, the price of the artificial disc is a big issue mainly
in developing countries; in Rabat, Morocco, the current
price is 3,000 Euros.

Conclusion
The many papers, articles, reports, and studies on cervical disc replacement should be interpreted with great care.
It is important not only to report on the significant statistical differences, but also to insist on a discussion of the
implication these differences have in clinical relevance. Reviewers of such articles should have nothing to disclose
and be able either to judge the methodology or clarify the
clinical relevance.
To continue the long-term evaluation of cervical arthroplasty, the following optimal indications may be acceptable: young patients who would benefit from preserved
motion for a long period, and patients with proven symptomatic adjacent-level degeneration. All these patients
should be randomized for long-term follow-up to clarify
the real advantages of cervical arthroplasty.
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Clinical Trials Are Authoritative
Shobhan Vachhrajani, Abhaya V. Kulkarni, and James T. Rutka
The past two decades have seen a paradigm shift in the
practice of medicine away from anecdotal approaches toward evidence-based medicine (EBM). A landmark article
by the EBM Working Group1 published in 1992 laid the
groundwork for dissemination of this concept. In the
group’s opinion, EBM “de-emphasizes intuition, unsystematic clinical experience, and pathophysiologic rationale as
sufficient grounds for clinical decision making and stresses
the examination of evidence from clinical research.” The
concept of EBM has since been refined, and its founders
suggest that its scientific basis rests on three key principles.
First, clinical decisions should be based on systematic summaries of the highest quality evidence available. Second,
wise use of the literature must incorporate a hierarchy of
evidence. Third, clinical decisions cannot be entirely based
on evidence: they also require the trading of risks and
benefits, inconvenience, and costs with consideration for
patient values and preferences.2 Critics of EBM argue that
currently used evidence grading systems too often discount the value of studies that they deem inferior.3 With a
growing emphasis on the development of evidence-based
clinical practice guidelines, which rely on systematic grading and interpretation of evidence, this debate only becomes more important.
Neurosurgery as a specialty has been slow to adopt the
tenets of EBM.4 In many cases, clinical decisions remain
dogmatic, largely due to the emphasis placed on personal
experience and a lack of education about EBM methodologies.5 Nevertheless, many recent major advances in neurosurgery have resulted from randomized controlled trials
(RCTs), which represent the ultimate expression of highquality evidence. Further advancement of neurosurgical
practice will require clinicians to embrace the scientific
basis of EBM and to understand the relative hierarchy of
medical evidence. This chapter discusses key methodological issues in the design of clinical trials, exposes some of
their limitations, and describes the recent impact of RCTs
on neurosurgical practice.

The Hierarchy of Medical Evidence
The hierarchy of medical evidence is based on the progressive minimization of bias. Bias is any process or factor that
serves to systematically deviate study results away from
the truth. Historically, grading of medical evidence has
been based solely on study design. The Canadian Task Force
on the Periodic Health Examination was the first such system, published in 1979, and the United States Preventive
Services Task Force (USPSTF) followed suit thereafter.6,7
Several refinements based on an improved understanding
of study methodology and relative risks and benefits have
occurred since then, and the Grade of Recommendations,

Assessment, Development and Evaluation (GRADE) scheme
is now the most widely accepted hierarchical system. The
GRADE scheme has defined quality of evidence as the confidence in the magnitude of effect for patient-important
outcomes, with higher quality evidence conveying less
uncertainty in the estimates of their results (Tables 23.1,
23.2).8,9 Well-designed and conducted RCTs represent the
epitome of study design due to the minimal bias that results.8 Other study methodologies, although able to convey acceptable results, generally do not carry the authority
of RCTs.

Clinical Trials
Clinicians are accustomed to ascribing the RCT, in which
interventions are compared between patient groups, as the
most common and ideal form of trial methodology. Other
types of trials, however, are often necessary before comparative studies of treatment can be conducted on human
subjects. Phase 1 studies are safety studies in which toxicity profiles can be assessed, whereas phase 2 studies examine the efficacy of the treatment in question. Phase 3
studies are the typical clinical trial with which most clinicians are familiar, as they involve the study of an intervention compared with another treatment strategy or a placebo
agent in two or more randomly allocated groups.10
Randomized controlled trials are considered to represent
the highest level of evidence because they can minimize
Table 23.1 Criteria for Assigning Grade of Evidence
Type of evidence:
Randomized trial = high
Observational study = low
Any other evidence = very low
Decrease grade if:
Serious (– 1) or very serious (– 2) limitation to study quality
Important inconsistency (– 1)
Some (– 1) or major (– 2) uncertainty about directness
Imprecise or sparse data (– 1)
High probability of reporting bias (– 1)
Increase grade if:
Strong evidence of association—significant relative risk of
> 2 (< 0.5) based on consistent evidence from two or
more observational studies, with no plausible
confounders (+ 1)
Very strong evidence of association—significant relative
risk of > 5 (< 0.2) based on direct evidence with no
major threats to validity (+ 2)
Evidence of a dose–response gradient (+ 1)
All plausible confounders would have reduced the effect
(+ 1)
Source: Atkins D, Best D, Briss PA, et al; GRADE Working Group. Grading
quality of evidence and strength of recommendations. BMJ 2004;328:
1490. Reprinted by permission.
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Table 23.2 Definitions of Grades of Evidence
High

Further research is unlikely to change our
confidence in the estimate of effect.

Moderate

Further research is likely to have an important
impact on our confidence in the estimate
of effect and may change the estimate.

Low

Further research is very likely to have an
important impact on our confidence in the
estimate of effect and is likely to change
the estimate.

Very low

Any estimate of effect is very uncertain.

Source: Atkins D, Best D, Briss PA, et al; GRADE Working Group. Grading
quality of evidence and strength of recommendations. BMJ 2004;328:
1490. Reprinted by permission.

bias more than any other study methodology; however,
such a distinction is achieved only by meeting certain criteria. Arguably the most important of these is appropriate
randomization, in which the allocation of study subjects
to treatment arms occurs completely by chance. This aims
to achieve a balance between the known and, more importantly, unknown confounders of outcome.11 In theory, the
only factor that consequently differs between study arms
is the intervention under examination. No other type of
study design achieves this objective. But for randomization
to truly eliminate “treatment selection bias” (in which clinicians preferentially offer one treatment to certain types
of patients), investigators and trial participants must not
be able to predict what the results of randomization will
be for the next patient. This is called concealment of allocation and it protects the integrity of the randomization
process.12,13 Similarly, blinding of study participants and
physicians is also crucial to minimizing bias in the assessment of study outcomes. Historically, the study subject is
unaware of allocation in a single-blinded study, whereas
the subject and investigator are unaware of allocation in
double-blinded studies. For studies in which a subjective
assessment of outcome is required, triple blinding also
masks the outcome assessor from treatment allocation.
Authors of RCTs are now strongly encouraged to explicitly
identify which groups were masked and how, because the
terminology of single-, double-, and triple-blind is open to
interpretation.14 Finally, well-planned and appropriate statistical analyses, including the a priori determination of
sample size, study power, and the use of an intention-totreat analysis, are important in maintaining the internal
validity of any RCT.8,15,16 Other threats to the validity of an
RCT include, for example, a large loss to follow-up, a large
proportion of subject crossover between groups, or unplanned and inappropriate early stoppage of a trial. Proponents of the GRADE system argue that, because of these
issues, RCTs may not always represent the highest level of
evidence and that well-conducted, large observational
studies may provide better evidentiary quality in some
settings.2

The only way for a clinician to critically evaluate the integrity of an RCT is by evaluating the final published work.
Therefore, it is crucial that published RCTs contain enough
information so that they can be appropriately judged. The
Consolidated Standards of Reporting Trials (CONSORT) statement is a widely endorsed protocol of all essential elements that must be reported in published RCTs. The most
recent version of CONSORT lists 25 mandatory elements,
with an accompanying flow diagram to show the passage
of participants through a trial (Table 23.3, Fig. 23.1).15,17,18
Many journals have officially adopted the CONSORT statement in their editorial assessment of trial reports, which
has resulted in improvements in the quality of their trial
reporting.19,20 A more recent study found that, despite improved reporting of trial characteristics after the publication of the CONSORT statement, the attrition of study
subjects continues to undermine the quality of RCTs.21 It is
clear that, although a well-designed and well-conducted RCT
represents the most robust standard of medical evidence,
each trial report must be subject to careful scrutiny.

Clinical Trials in Neurosurgery
The use of clinical trials for surgical research has lagged
in comparison to medical research. Of the relatively few
published RCTs in surgery, many suffer from methodological flaws that significantly compromise their validity.5 For
some surgeons, obstacles to participating in or conducting
randomized trials include issues of personal prestige, commercial interest, or an inherent belief in the superiority
of surgical therapy. Additionally, the surgical community
often rapidly disseminates and then accepts a new procedure as a therapeutic standard, thus eliminating the community equipoise that is necessary for randomization. Even
if randomization is considered, technical learning curves
associated with new operations and problems with blinding represent unique scenarios not encountered in medical
trials.5 Also, patients are often reluctant to enter into surgical trials, particularly when the opposing arm is nonsurgical, due to the vast contrast between the treatment arms
and the irreversibility of surgical treatment.22 Further obstacles include lack of funding or infrastructure and a lack
of epidemiological expertise.
Despite these concerns, however, the use of RCT methodology in neurosurgery has seen a surge in recent years.
In a recent systematic review of 159 neurosurgical RCTs,
more than two thirds had been published since 1995.23 A
2004 systematic review of 108 neurosurgical RCTs, however, found that several design and reporting characteristics would benefit from improvement. These included the
adequacy and reporting of sample size and power calculations, the appropriate concealment of allocation from involved investigators, and explicit reporting of randomization
methods.24 The authors of the study encouraged increased
adherence to the CONSORT statement as a means of improving standardization in neurosurgical RCT reporting. As
of this writing, however, the major neurosurgery journals
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Table 23.3 CONSORT 2010 Checklist of Information to Include When Reporting a Randomized Trial15
Section/Topic
Title and abstract

Item
Number

Checklist Item

1a
1b

Identification as a randomized trial in the title
Structured summary of trial design, methods, results, and
conclusions (for specific guidance, see CONSORT for abstracts)

2a
2b

Scientific background and explanation of rationale
Specific objectives or hypotheses

3a

Description of trial design (such as parallel, factorial), including
allocation ratio
Important changes to methods after trial commencement (such as
eligibility criteria), with reasons

Introduction
Background and objectives
Methods
Trial design

3b
Participants

4a
4b

Eligibility criteria for participants
Settings and locations where the data were collected

Interventions

5

The interventions for each group with sufficient details to allow
replication, including how and when they were actually
administered

Outcomes

6a

Completely defined prespecified primary an secondary outcome
measures, including how and when they were assessed
Any changes to trial outcomes after the trial commenced, with
reasons

6b
Sample size

7a
7b

How sample size was determined
When applicable, explanation of any interim analyses and stopping
guidelines

Randomization sequence
generation

8a
8b

Method used to generate the random allocation sequence
Type of randomization; details of any restriction (such as blocking
and block size)

Allocation concealment
mechanism

9

Mechanism used to implement the random allocation sequence
(such as sequentially numbered containers), describing any steps
taken to conceal the sequence until interventions were assigned

Implementation

10

Who generated the random allocation sequence, who enrolled
participants, and who assigned participants to interventions

Blinding

11a

If done, who was blinded after assignment to interventions (for
example, participants, care providers, those assessing
outcomes), and how
If relevant, description of the similarity of interventions

11b
Statistical methods

12a
12b

Statistical methods used to compare groups for primary and
secondary outcomes
Methods for additional analyses, such as subgroup analyses and
adjusted analyses

Results
Participant flow (a
diagram is strongly
recommended)

13a

Recruitment

14a
14b

Dates defining the periods of recruitment and follow-up
Why the trial ended or was stopped

Baseline data

15

A table showing baseline demographic and clinical characteristics
for each

Numbers analyzed

16

For each group, number of participants (denominator) included in
each analysis and whether the analysis was by original assigned
groups

13b

For each group, the numbers of participants who were randomly
assigned, received intended treatment, and were analyzed for
the primary outcome
For each group, losses and exclusions after randomization,
together with reasons

Reported on
Page Number
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Table 23.3 (Continued )
Section/Topic
Outcomes and estimation

Item
Number
17a
17b

Reported on
Page Number

Checklist Item
For each primary and secondary outcome, results for each group,
and the estimated effect size and its precision (such as 95%
confidence interval)
For binary outcomes, presentation of both absolute and relative
effect sizes is recommended

Ancillary analyses

18

Results of any other analyses performed, including subgroup
analyses and adjusted analyses, distinguishing prespecified from
exploratory

Harms

19

All important harms or unintended effects in each group (for
specific guidance, see CONSORT for harms)

Limitations

20

Trial limitations; addressing sources of potential bias; imprecision;
and, if relevant, multiplicity of analyses

Generalizability

21

Generalizability (external validity, applicability) of the trial findings

Interpretation

22

Interpretation consistent with results, balancing benefits and
harms, and considering other relevant evidence

Registration

23

Registration number and name of trial registry

Protocol

24

Where the full trial protocol can be accessed, if available

Funding

25

Sources of funding and other support (such as supply of drugs),
role of funders

Discussion

Other information

Source: Schulz KF, Altman DG, Moher D; CONSORT Group. CONSORT 2010 statement: updated guidelines for reporting parallel group randomized
trials. Ann Intern Med 2010;152:726–732. Also available at www.consort-statement.org. Reprinted by permission.

have not adopted CONSORT standards for reporting of RCTs.
A systematic approach to trial design, such as one suggested by Kan and Kestle,25 might also reduce the methodological problems often observed in neurosurgical trials.
Despite the limitations and obstacles, RCTs have had a
significant impact on neurosurgical practice. Prominent
examples of this include the International Subarachnoid
Trial (ISAT), the North American Symptomatic Carotid Endarterectomy Trial (NASCET), the EC-IC Bypass Study, the
National Acute Spinal Cord Injury Studies (NASCIS I-III), the
Corticosteroid Randomisation After Significant Head Injury
(CRASH) trial, and the Surgical Trial in Intracerebral Hemorrhage (STICH).26–30 RCTs in allied fields, including the
trial of temozolomide for patients with glioblastoma, have
also contributed significantly to the treatment of neurosurgical patients.31 Clearly, neurosurgeons must familiarize
themselves with the nuances of trial design and reporting.

Conclusion
Minimizing bias in clinical studies forms the cornerstone of
the EBM movement. Well-designed and well-conducted
RCTs represent the pinnacle of minimized bias because
they balance all possible confounding factors and ensure
masked outcome assessment and treatment allocation. Clinicians evaluating RCTs for use in practice, or for the development of evidence-based clinical practice guidelines, must
continue to scrutinize individual studies to ensure that
trials meet the methodological rigor required to render the
highest quality of medical evidence. As the specialty of
neurosurgery continues to embrace EBM, the need for neurosurgeons to become intimately familiar with RCTs and
their applications will only continue to grow.
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Fig. 23.1 CONSORT 2010 statement flow diagram. (From Schulz
KF, Altman DG, Moher D; CONSORT Group. CONSORT 2010 statement: updated guidelines for reporting parallel group randomised

trials. Ann Intern Med 2010;152:726–732. Also available at www
.consort-statement.org. Reprinted by permission.)

The Flaws of Randomized Clinical Trials
Benedicto Colli
Because it provides the best evidence of the efficacy of
health care interventions due to its great potential to show
cause–effect relationships, a well-designed and properly
executed RCT is the best type of scientific evidence and is
considered the paradigm for clinical research for evidencebased medicine.17,32,33
Compared with other scientific research designs, RCTs
have the advantage of experimental characteristics, in
which a factor to be studied is deliberately introduced to
the subject of the research as a preventive or therapeutic
intervention. As an attribute of experimental research, the

investigator has better control over the events of the research than have investigators in observational studies.
In addition, the factor being studied is introduced at the
beginning of the study, and the participants are followed as
long as necessary to determine the outcome.33
Despite being the best scientific research design available, RCTs with inadequate methodological approaches are
susceptible to flaws that generally are associated with exaggerated treatment effects.32,34–36 Therefore, before accepting the results, readers should critically appraise the
trial to exclude the most frequent causes of deviation from
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the truth. If the trial has eliminated flaws, there is a good
chance that its results are reliable.37

Potential Flaws in Randomized
Controlled Trials
A critical appraisal of RCTs should aim to find potential
biases that can invalidate the reported results, but such
an appraisal is possible only if the design, execution, and
analysis of the trial is meticulously described in published
articles.34,38
An important dimension of the quality of a clinical trial
is the validity of the generated results,35 and a useful distinction between internal and external validity was proposed in the middle of the last century.39 Internal validity
means that the differences observed between groups of
patients allocated to different interventions may be attributed to the treatment under investigation instead of random error. External validity or generalizability is the extent
to which the results of a clinical trial provide a correct basis
for generalization to other circumstances. Therefore, internal validity is essential for external validity because there
is no way to generalize invalid results.35,39
Internal validity can be affected by bias. Bias is the degree to which the result is skewed away from the truth, and
it often reflects the human tendency to either consciously
or subconsciously “help” things work out the way it seems
they should go. For researchers, bias may happen to favor
the results they want; for participants, a bias might be useful for their preconceptions of how the results will affect
them, for example, getting better when they take the pill.37
Biases are generally found at critical points when the trial
is developed, and to determine whether biases have been
reduced or eliminated, each stage of the study, especially
the methodology, should be reviewed using simple questions.33,37,38 In clinical trials, biases are classified into four
categories: selection (occurring in the group allocation process), performance (observed when there is a difference in
the provision of care apart from the treatment under evaluation), detection (also called observer, ascertainment, or
assessment bias, which is verified in the assessment of outcomes), and attrition (due to handling of deviations from
the protocol and loss of follow-up).35
Readers can do a critical assessment of the quality of an
RCT by asking several fundamental questions regarding the
methodology of the study33:
1. Were the characteristics of participants in both groups
similar at the start of the study?
2. Was the allocation of participants randomized for both
groups?
3. Were the participants concealed for the allocation of
participants in both groups?
4. Were the researchers and participants blinded to treatment?
5. Were the results analyzed on an intent-to-treat basis?
6. Were participants lost to follow-up?

After the methodology has been analyzed and found adequate, the applicability of the results should be analyzed.
With the intention of improving the quality of published
clinical trials and facilitating critical appraisal and interpretation for readers, a group of scientists and editors of
some leading medical journals developed the Consolidated
Standards of Reporting Trials (CONSORT) statement,17 which
was later revised.36,38,40
The quality of RCTs can be practically assessed by using
the Jada scale, which ranges from 0 to 5 points.41 This tool
aims to assess whether the study was described as randomized (including the use of words such as randomly, random,
and randomization) and double-blind, and whether it includes a description of withdrawals or dropouts. A score
of 1 point is given for each answer. An additional score of
1 point each is given if the method used to generate the
sequence of randomization and the method of doubleblinding were described and considered adequate. The
method to generate randomization sequences was considered adequate if it allowed each study participant to have
the same chance of receiving each intervention being assessed. Double-blinding was considered appropriate if it
was stated or implied that neither the person doing the
assessment nor the study participants could identify the
intervention being assessed. The study is considered valid
if it reaches a minimum final score of 3 points.
The main steps of RCTs that can be affected by biases are
presented here with some classic examples.

Methods
Participants
Recruitment
How fairly were the participants recruited? Is the sample
representative of the population?
Randomized controlled trials address an issue relevant
to a particular population that has a characteristic condition of interest. A sample of participants is usually selected
to restrict the source population by using eligibility criteria
typically related to age, sex, clinical diagnosis, and comorbid conditions. The participants selected for study should
appropriately represent the population of interest or source
population. The ability to generalize the results of the RCT
depends on its external validity, or how the population of
the study represents the source population, the eligibility
criteria, and the methods of recruitment. A trial that establishes many exclusion criteria selects a very specific
population that compromises the application of its results
to other contexts. To be representative, the study groups
should have random recruitment and only relevant exclusion criteria.33,37,38
Potential participants sequentially or randomly recruited
from the whole population of interest and the source of
participants should be clearly described, for example, first
presentation, emergency presentation due to subarachnoid
hemorrhage, or participants with nonruptured aneurysms
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demonstrated on computed tomography or magnetic resonance imaging. The methods of recruitment, such as through
referral or self-selection (for example, advertisements), are
very important. Eligibility criteria do not affect the internal validity of the trial because they are applied before
randomization. Nevertheless, they affect the external validity.33,37,38 Obtaining a sequential or random sample of
the population of interest for RCTs is difficult because of the
need for consent. As these studies generally will not be representative of the whole population with a specific problem, a clear idea of who they do represent is necessary and
should be described in the study as the severity, duration,
and risk level of the participant to ensure that the target
population was defined.33
The protocol should include only exclusion criteria relevant for the study methods, for example, the exclusion
of small children or people with sensorial aphasia from a
study requiring answering verbal questions. It should not
include irrelevant criteria, such as weight or height, for the
question to be answered.
The description of settings and locations of the trial
should be precise because they can affect the external validity. Health care institutions vary greatly in their organization, experience, and resources. The baseline risk for the
medical condition under investigation, as well as climate
and other physical factors, economics, geography, and the
social and cultural background, can all affect a study’s external validity. If a trial aiming to assess the efficacy of
treating cerebral aneurysms with clips or coils was done by
experienced specialists in a referral neurovascular center,
its results cannot be applied for participants treated by general neurosurgeons in a general hospital (performance bias).
In a similar manner, when the study is a multicenter trial,
the different centers should be well described because each
one may have different levels of assistance or the assistant
physicians may have different expertise, causing a performance bias. Several examples of possible performance biases appear in the ISAT, which compared the use of coils and
clips for cerebral aneurysms.26 Differences in the selected
centers included the level of expertise in endovascular
treatment, and the different contributions of each center,
which suggest that an appreciation of the indications of
clipping versus coiling differed from one center to another.
These flaws were pointed out in many subsequent publications.42–49 Therefore, a description of settings and locations should provide enough information to allow readers
to judge whether the results of the trial are relevant to their
own setting.38

Sample Size
The number of participants required for a significant study
varies with the type of outcome studied, and for scientific
and ethical reasons the sample size for a trial should be
planned with a balance between clinical and statistical
considerations.37,38 The ideal number of samples should be
large enough to have a high probability (power) of detect-

ing as statistically significant a clinically important difference of a given size if such a difference exists.38 The size of
effect considered important is inversely related to the size
of the sample needed to detect it. Therefore, large samples
are necessary to detect small differences. Elements to be
included in sample size calculations are (1) the estimated
outcome for each group (the clinically important target
difference between groups); (2) the β-error level; (3) the
statistical power of the β-type error level; and (4) for continuous outcomes, the standard deviation of the measurements.37 How the sample size was determined should be
clearly stated in the methods. If a formal method was used,
the researchers should identify the primary outcome on
which the calculation was based, all the quantities used
in the calculation, and the resulting target sample size per
comparison group.37
Frequently, studies with small samples arrive at the erroneous conclusion that the intervention groups are not
different when too few participants were studied to make
such a statement.50,51 Reviews of published trials have consistently found that a high proportion of trials have very
low statistical power to detect clinically significant treatment effects because they used small sample sizes, with
some probability of missing an important therapeutic improvement.52–54 When the study’s conclusion is that “there
is no evidence that A causes B,” readers should first ask
whether there is enough information to justify the absence
of evidence or there is simply a lack of information.50 An
example is a trial that compared octreotide and sclerotherapy in participants with variceal bleeding, in which the
authors reported calculations suggesting that 1,800 participants were needed, but they arbitrarily used a sample
with only 100 participants, accepting the chance of a type II
error.54 If the stated clinically useful treatment difference
truly existed, this trial had only a 5% chance of getting statistically significant results. As a consequence of this low
power, the confidence interval for the treatment difference
is too wide. Despite a 95% confidence interval including
differences between the cure rates of the two treatments
of up to 20 percentage points, the authors concluded that
both treatments were equally effective.50 Another example
can be observed in an overview of RCTs evaluating fibrinolytic (mostly streptokinase) treatment to prevent the recurrence of myocardial infarction.55 The overview showed
a modest but clinically useful, highly significant, reduction
in mortality of 22%, but only five of the 24 trials had shown
a statistically significant effect with a p value of < 0.05.
Because of a lack of significance of many individual trials,
the recognition of the true value of streptokinase was long
delayed.50
Methods for calculating the sample size for different
types of scientific research have been reviewed.56 To quickly
analyze the adequacy of the sample size of a specific trial,
there are two rules of thumb to determine how many participants are needed.57 For studies with a binary outcome,
approximately 50 “events” are necessary in the control
group to have an 80% power of detecting a 50% relative risk

416  

Controversies in Neurosurgery II

reduction. For example, if the expected event rate is 10%,
500 participants are necessary for each group. For studies
with a continuous outcome (such as height, weight, or blood
pressure measurements), in which each patient contributes information, 50 patients per group might be sufficient.
For events such as a heart attack or episodes of ischemic
stroke, the number of participants required depends on
how common the event of interest is.37

gators as to which treatment would benefit patients with
specific aneurysms; an endovascular approach was the favored treatment for basilar aneurysms because of the high
surgical risks, whereas surgery was preferred for middle
cerebral artery aneurysms. The same problem occurred
with the size of aneurysms (92 to 93% were 10 mm or less
in size and 50% were 5 mm or less), causing a bias that favored endovascular treatment.45,47,49

Randomization

Allocation Concealment and Blinding

Did the allocation of participants allow similarity between
the groups? Were the study groups comparable?
Besides the variables being measured, different basic
characteristics among participants (confounding factors)
can affect the outcome of the study. To reduce or eliminate
these factors, the groups being studied should match as
closely as possible in every way except for the intervention
(or exposure or other indication) at the beginning of the
study, and ideally participants should be assigned to each
group on the basis of chance (a random process) characterized by unpredictability. If the groups are different from
the beginning, any difference in outcomes can be due to
nonmatched characteristics (or confounding factors) rather
than the considered intervention (or exposure or other
indicator).12,33,37,38
Simple randomization ensures that similar numbers are
generated in both trial groups, and practically comparable
groups are created for known and unknown prognostic
variables. Restricted randomization uses procedures to control randomization to achieve a balance between groups.
Block randomization aims to ensure similar numbers of
patients in each group, and stratified randomization allows
the groups to be balanced for some prognostic patient
characteristics.11,58,59

Were the participants, those administering the interventions, and those assessing the outcomes blinded to group
allocation?
Methods to guarantee adequate comparison between
groups vary according to the type of study. The experimental method (such as an RCT) is considered ideal because
it allows the researcher to randomly allocate participants
to groups, making these groups comparable.33,58 Therefore,
ideally, participants should be assigned to each group on
the basis of chance (randomly), which is characterized by
unpredictability, and this can be done using random allocation sequences. In some circumstances, however, randomization is not possible for ethical reasons or because few
participants are willing to be randomized.11,58 Unrandomized studies of concurrent groups treated differently on the
basis of clinical judgment or patient preference, or both, will
need careful analysis to take into account the differing characteristics of the participants and may still be of doubtful
value. A failure to use randomization when it could be used
may fatally compromise the credibility of the research.11
A generated allocation schedule must ideally guarantee
allocation concealment to prevent investigators and participants from knowing the treatment before participants
are assigned.33,37,38,60,61 However, the randomization process should be carefully conducted to prevent a selection
bias that renders the groups incomparable.33,37
In controlled trials, blinding keeps study participants,
health care providers, and sometimes those collecting and
analyzing clinical data uninformed of the assigned intervention, so that they will not be influenced by that knowledge.38 Trials in which participants and assessors are blinded
from groups the participants are allocated to are called
double-blind studies, and trials in which either the participants or the outcome assessors are blinded to the group
allocation are called single-blind.
Allocation concealment should not be confused with
blinding. Allocation concealment aims to prevent a selection bias and protect the assignment sequence before and
until allocation, and it can always be successfully applied.
Blinding aims to prevent performance and ascertainment
biases and protect the sequence after allocation, but it cannot always be implemented, for example, in a trial comparing the level of pain associated with sampling of blood from
the ear versus the thumb.12,34,38,60
If the researchers or participants know which group
subjects are allocated to before they consent, a selection

Sequence Generation
Many methods of sequence generation are adequate, but
it is not possible to judge the adequacy of generation from
terms such as random allocation, randomization, or even
random.38 The methods used to generate the random allocation sequence, such as a random number or computerized random-number generation, should be explained so
that the reader can better assess the possibility of bias in
group allocation. Random allocation has a precise technical
meaning, indicating that each participant of a clinical trial
has a known probability of receiving each treatment before
one is assigned, but the actual treatment is determined by
a chance process and cannot be predicted.11,38
When nonrandom, “deterministic” allocation methods
such as alternation, hospital number, or date of birth are
used, the word random should not be used.38,58 Empirical evidence indicates that these trials have a selection bias,32,34,35
probably due to the inability to adequately conceal these
allocation systems.38 Examples of possible selection biases
in the ISAT included the established opinions of investi
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allocation may occur and distort the groups.34,58,61 Consent
for participating should be obtained from the participants
without knowledge of the next assignment, and this blinding of randomization could be as important as the blinding of therapy.33,61 Inadequate allocation concealment, even
random, unpredictable assignment sequences, can be undermined.34,58,62 Decentralized or external assignment, such
as the use of a pharmacy, a central telephone randomization
system, or automated systems, is desirable for maintaining allocation concealment.12,38,58,62 When this is not possible, the use of numbered containers is a good alternative.
The assignments are enclosed in sequentially numbered,
opaque, and sealed envelopes that are opened sequentially
and only after the identification of the participant has been
written on the appropriate envelope.12,62 Nevertheless,
neither external assignment nor sealed envelopes are completely undecipherable. Investigators must ensure the concealment of participants regarding the allocation sequence,
and all pertinent details should be reported.11,12,58–62

Implementation
Who generated the allocation sequence, who enrolled participants, and who assigned participants to their groups?
Although the same persons may perform more than one
process in a clinical trial, the generation of allocation sequences and implantation of allocation of participants to
each group should not be done by the same person. Independent of the methodology used for randomization, a failure to separate generation of the allocation sequence from
assignment to the group may introduce a selection bias. For
example, the person who did the allocation sequence can
keep a copy and consult it when participating in the allocation process, causing a selection bias regardless of the adequate generation of a random allocation sequence.38
If participants know they have been assigned to the
group receiving a new treatment, their report of outcome
can be influenced by favorable expectations or increased
anxiety. On the other hand, patients who know they are
receiving the standard treatment may feel discriminated
against or reassured. Blinding of participants, health care
providers, and other persons involved in the evaluation
outcomes minimizes the risk of detection bias, also called
observer, ascertainment or assessment bias.38
Evidence of bias has been detected in RCTs in which the
allocated sequence was inadequate or not clearly concealed.
These trials provided larger estimates of treatment effects
(odds ratios were exaggerated, on average, by 30 to 40%)
than did trials in which adequate allocation concealment
was reported.32,34,35,62

Intervention
Intervention in a clinical trial is the treatment or other type
of health course under investigation.38 Interventions done
in the experimental groups, and the experience of those
who perform them, should be well described. For example,

with surgical interventions, in addition to the surgical procedure itself, it is important to know the training and experience of the surgeons who perform them, even including
the number of similar interventions they do per year. When
more than one person is involved in surgical interventions,
as in a multicenter trial, these people should have equivalent training and experience. As an example, the inclusion
of physicians from different centers and with different
expertise to perform the interventions in the ISAT, which
favored interventional radiologists, is the subject of many
criticisms in many subsequent papers.42,45–49

Maintenance
Management
How fairly were the study groups maintained through equal
management and follow-up of participants?
After comparable groups are established, it is important
to keep this status during all follow-up and to provide the
same management for both groups. The unique difference
between the groups should be the factor being tested, for
example, a drug’s efficacy or exposure to a specific risk factor, such as obesity.37,61 Unequal treatment invalidates the
results (performance bias), as was observed in a trial in preterm infants in which vitamin E treatment was supposed to
prevent retrolental dysplasia. Nevertheless, this effect was
not due to the vitamin itself because participants of both
groups were on 100% oxygen and the participants of the
treatment group were frequently removed from the oxygen
for doses of the vitamin whereas the participants in the
control group were not.37 Other examples of possible performance bias in the ISAT are the different treatments for
patients with vasospasm when done by interventional radiologists in some centers or by neurosurgeons in others,42
and the different approaches used for postinterventional
angiography (done for all patients treated with coils and
eventually for patients treated with clips).42,46

Intention-to-Treat
Was there migration between groups? Was there loss or
dropout during the follow-up? Did the participants adhere
to the intervention?
During any study, some participants quit or are lost to
follow-up, which can render groups no longer comparable.
Thus, it is important to assess whether the majority of participants who begin the study are present at the end, and
whether participants are being analyzed in the same group
they were allocated to at the beginning (intention-to-treat
principle).33,35,37,58,61 The main systematic deviations found
in clinical trials are loss and abandonment of the trial by
participants during the period of study. This is considered
an attrition bias, and it alters the equilibrium in the distribution of participants in the experimental groups, breaks
the similarity between the compared groups, and compromises the statistical power; despite using frustrating tech-
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niques for estimating values for the lost data, it cannot be
controlled for in the analysis.33,58 Attrition due to a loss
of follow-up should be distinguished from investigatordetermined exclusion for such reasons as ineligibility,
withdrawal from treatment, and poor adherence to the
trial protocol.38 An example of a possible attrition bias was
pointed out by many reviewers of the ISAT,26 in which
9,559 patients with subarachnoid hemorrhage were assessed for eligibility and the trial aimed to recruit 2,500
participants. Nevertheless, only 2,143 patients (22.4%) were
randomized, 9% refused, and 69% were excluded by the
physicians, who explained neither why the set number was
not obtained nor the causes of exclusion.42,43,47–49
Conventionally, the validity of a study’s results is rejected when the loss of participants is equal to or greater
than 20%.33 Such an example is the loss of patients to follow-up observed in trials of traumatic brain injury, which
reached 42% in the first year and 60% at the end of the second year. This dropout was more marked for participants
who were socioeconomically disadvantaged, had a history
of substance abuse, or had more severe injuries.63 Because
of this type of selection bias, studies involving participants
with traumatic brain injury with prolonged follow-up are
not likely to show valid results.33 Another example is the
long-term follow-up from the ISAT.64 In this study, only
75% and 72% of the two groups in the original randomized
cohort were eligible for follow-up, but the baseline characteristics were those reported for the original ISAT groups.65
A related low rate of primary outcome and different baseline characteristics, including comorbidities, are potential
sources of attrition biases.65
Providing the number of all participants randomized
and allocated to their original groups (intention-to-treat
analysis), as well as the number of participants who did not
receive the intervention as allocated or who did not complete treatment, enables readers to evaluate how much the
estimated efficacy of therapy might be underestimated in
comparison to ideal circumstances.38 The exclusion of participants from analysis can lead to erroneous conclusions,
as is observed in a trial comparing medical and surgical
treatment for carotid stenosis.66 In this trial, the analysis
restricted to participants available for follow-up showed a
reduction of the risk of transient ischemic attack, stroke,
and death by surgery. However, an intention-to-treat analysis based on all participants, as originally assigned, did not
show the superiority of surgery.38

Outcomes
After readers assess the methods of a study using the previous questions, they can decide whether the study is suitable for further consideration. If the study is considered
appropriate, the next step is to analyze whether the results
could be obtained by chance and, if not, what these results
mean. A presentation of the results should contain not only
the analysis that was statistically significant but also all
planned primary and secondary outcomes.38

Measurement
Were the outcome results measured with blinded participants
and assessors, or objective measures, or both?
Results of a clinical trial can be presented as binary outcomes, that is, “yes or no” outcomes that happen or do not
happen, such as cancer, heart attack, stroke, or death; or
they can be presented as continuous outcomes when the
measured data are continuous, such as height, weight, dosage of some substance in the blood, or intracranial pressure.
Results should be reported as a summary of each outcome.
For binary outcomes, the measure of effect could be the
risk ratio (relative or absolute risk), risk difference, or odds
ratio, which is a measure of probability instead of risk and
is approximately equal to the relative risk. For continuous
data, it is usually reported as the difference in means.37,38
For binary and survival time data, the expression of results
can be expressed as the number needed to treat to obtain
the benefit or harm.38
Measurement biases (detection biases) are common
problems found in clinical trials. Therefore, the measurement of outcomes warrants special attention and should be
done by the same assessors, using the same methods and
equipment for assessing participants of both groups. Variables assessed with some equipment, for example, blood
pressure, should be measured by the same person every
time and for all patients, using the same equipment, and
the assessment is more reliable if more than one reading is
obtained, using a random-zero instead of digital sphygmomanometer.38
Knowing which group they are in can affect participants’ behavior in the trial and influence their report of
symptoms. For clinicians who take measurements, this
knowledge can influence the way they record the results.
Blinding participants and assessors to which groups the
participants are in (double-blinded studies) is the best way
to overcome these biases. Double-blinded studies are less
likely to be affected by bias than trials in which either the
participants or the outcome assessors are blinded to the
group allocation (single-blind studies). Trials that are not
blinded either for participants or assessors are the least
consistent because they have a high potential for bias. When
it is impossible to blind the participants and treating doctors or researchers, at least the outcome assessors should
be blinded to the groups’ allocation.37
Using objective data (such as weight) instead of subjective information (such as feeling better) prevents a measurement bias. For recording objective measurements, the
assessors may not need to be blinded, but for subjective
measurements, blinding is critical.37
The placebo effect is the effect attributable to the expectation that a treatment will have an effect, and it is
a common cause of measurement bias for experimental
trials. The effects obtained in trials comparing treatment
with no treatment may be due to the placebo effect instead
of the treatment itself.37 Therefore, a placebo treatment
identical to the real treatment (placebo pill, sham interven-
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tion, etc.) should be administered to the control group in an
RCT whenever possible.

Statistical Methods
Were the results obtained by chance? What do the results
mean?
Once the results of the study show an effect, it is necessary to verify whether this effect is real or if it could have
been obtained by chance. As it is impossible to determine
the exact risk of a binary outcome in a population or the
exact level of a continuous outcome, the best way is to estimate the true risk or level based on the sample of participants in a trial. This estimate can be done by using two
statistical methods of assessing chance: p values (hypothesis testing) and confidence intervals (estimation).37
The p values measure the probability that a result occurred purely by chance. A small p value is desirable because
it suggests a low probability that the difference between
groups is due to chance. Scientific research tests a hypothesis that there will not be an effect (“null hypothesis”). If
the results of the study indicate an effect, meaning the null
hypothesis appears improbable, the p value shows the probability that this effect could be simply due to chance. A low
p value (generally less than 0.05) indicates a low probability (less than 5%) that the result was caused by chance. If a
bias was not detected before looking at the p value, the effect can be considered a real one. An effect with a low p
value becomes a “statistically significant” result, which does
not necessarily mean a clinically important result.37,51
The confidence interval is an estimate of the range of
values that are supposed to contain the real value. Usually,
this value is expressed as a 95% confidence interval, which
means the range of values has a 95% chance of including
the real value. If this interval is too small for a difference
between the treatment and control groups and does not
overlap the “no effect” point (0 for a difference or 1 for a
ratio), this result can be considered real (that is, with a
p value of less than 0.05).37 Therefore, a confidence interval
should be provided to indicate the precision (uncertainty)
of the estimate.38
Narrower confidence intervals are more reliable in
studies with large numbers of participants, and therefore
larger studies give more consistent results than smaller
studies. However, the size the study needs to be to obtain
meaningful results depends on how rare is the event being
measured.37

Clinical Importance
An intervention can only be considered useful if the 95%
confidence interval includes clinically important treatment
effects. Therefore, statistical significance does not mean
clinical importance. Statistical significance is related to the
size of the effect and the 95% confidence interval in relation
to the null hypothesis; clinical importance is related to the
size of the effect and the 95% confidence interval in relation

to a minimum effect that would be considered clinically
important.37 For example, a measurable and statistically
significant reduction in a symptom (for example, back pain
or hemiparesis) may not be considered clinically important
if it is not enough to avoid the need for medication or to
allow the patient to walk.

Generalizability (External Validity)
To whom can the results be applied?
External validity or generalizability is related to the
extent to which the results of a study can be generalized
to other populations, settings, treatments, variables, and
measurement variables.35 It is significant only under clearly
specific conditions that were not directly examined in the
trial. Generally, questions related to the external validity of
results involve comparing the characteristics of specific
participants or groups for whom the study results are
intended with the characteristics of participants studied,
or to identify similarities among drugs. As asked by the
CONSORT group38:
Can results be generalized to an individual patient or
groups different from those enrolled in the trial with regard to age, sex, severity of disease, and comorbid conditions? Are the results applicable to other drugs within
a class of similar drugs, to a different dosage, timing, and
route of administration, and to different concomitant
therapies? Can the same results be expected at the primary, secondary, and tertiary levels of care? What about
the effect on related outcomes that were not assessed in
the trial, and the importance of length of follow-up and
duration of treatment?

An example of the difficulties in generalizability was
pointed out in the long-term follow-up from the ISAT.64
This study essentially reflects a population of the United
Kingdom only, with 95.7%, 82.6%, and 89.3% of participants,
respectively, in the endovascular group, the neurosurgical
group, and the total population followed being from the
United Kingdom.65
As some authors have noted, “External validity is a
matter of judgment and depends on the characteristics of
the participants included in the trial, the trial setting, the
treatment regimens tested, and the outcomes assessed.”35
Therefore, for an adequate assessment of the applicability
of trial results, researchers should provide adequate information about eligibility criteria, the setting and location,
the interventions and how they were administered, the
definition of outcomes, and the period of recruitment and
follow-up.35,38

Conclusion
Well-designed and properly executed RCTs are the gold
standard for producing evidence about the efficacy of
health care interventions because of their great potential
to establish cause-effect relationships. However, trials with
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inadequate methodological approaches are associated with
exaggerated treatment effects, originating from ethical
and methodological flaws. Since the development and implementation of the CONSORT statement, the quality of
published RTCs has improved.36 Therefore, before readers

accept the results of a trial as gospel, they should do a systematic critical appraisal of that trial. But critical appraisal
is possible only if the design, conduct, and analysis of an
RCT is meticulously and precisely described in published
articles.

Moderators
The Randomized Clinical Trial
A. John Popp, Urvashi Upadhyay, and Robert E. Harbaugh
In this section, we analyze the debate generated by the
authors of the two preceding sections. In the first section,
Vachhrajani and colleagues discussed the methodology of
RCT design that leads to the highest quality of evidence.
The authors emphasize that EBM requires a minimization
of bias and that the RCT is the best means to achieve this
goal. In the next section, Colli highlighted the potential
flaws in traditional RCT methodology and discussed how
such trial design can be optimized.
Understanding what constitutes EBM and how the results of clinical trials are applied is paramount in any discussion of RCTs. EBM is an algorithm for clinical decision
making that is largely constructed from evidence taken
from peer-reviewed and published clinical research. EBM
may be categorized and ordered based on the strength of
evidence. The methodology of data collection defines this
hierarchy, with RCTs as the accepted gold standard of clinical research. EBM thereby provides a framework for the
treatment of a particular condition by generating a standard of care, guidelines, and options for the clinician. The
rationale for embracing EBM is that it will improve patient
care because medical decision making will be based on
scientifically valid data rather than intuition. The logic extends to the concept that improving patient care should
ultimately improve patient outcomes.
Evidence-based medicine is largely predicated on the
notion that prospective RCTs are the gold standard of clinical research. They are accepted as the gold standard because they minimize errors from bias, confounding, and
chance. The prospective nature of these trials is intended to
decrease any recall bias from both subjects and investigators. The randomization process relies on the notion that
an equal distribution of subjects should equally distribute
any unidentified confounders and internal selection bias.
Finally, these trials are subject to rigorous statistical review
of the calculation of a trial’s power and p-value analyses of
the difference between various treatment groups. An ideal
RCT allows for concurrent comparison of treatment groups,
relies on objective outcome measures that eliminate ob-

server bias, and are of an adequate size to reduce the chance
of sampling error.
Although the principal topic under discussion is the
utility of the RCT, the practicality and cost of obtaining
such information to address the demand for accurate information in our current health care environment is high,
requiring that we explore other aspects of quality care delivery that may be equivalent to the RCT but more efficient
and less costly to obtain. The importance of this discussion
is heightened by the looming quest in the United States
for cost-effective, value-based care that will diminish the
three errors of health care delivery: overuse, underuse,
and misuse. The RCT can produce evidence on which cohesive clinical practice standards can be developed, but the
clinician must also recognize that results from large-scale
RCTs should be adopted with care when applied to various
clinical scenarios. It is the authors’ stance that the value of
information from the RCT can be enhanced if the clinician
understands such issues as the challenges of the generalizability of the RCT, the influence of patient selection and
comorbidities, the impact of differing processes of care,
the importance of ongoing physician education, and the
evolution of knowledge and therapeutics. Finally, and
perhaps most importantly in an era of cost-consciousness
in medicine, we describe a possible alternative to the RCT
that will gather useful information but at a lower cost than
the RCT.

Application of the Results of the
Randomized Controlled Trial
Generalizability and Patient Selection
Using the results of an RCT in a clinical setting requires the
physician to understand the concept of generalizability—
the application of the results of the RCT to the general population. In an attempt to eliminate selection bias in the RCT,
the trial is designed to enroll as uniform a patient population as possible—similar age groups, sexes, and, ideally, no
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confounding comorbid conditions. Although these aspects
of the trial are important, the utility of the RCT results can
change when applied in a setting where any of the trial parameters are not met. For example, a patient with a given
neurosurgical condition previously studied in an RCT might
not fit the RCT admission criteria, the intervention may
be performed in an institution with less experience than a
hospital enrolled in the RCT, or the intervention may be
performed by a surgeon who might have less experience or
use different techniques than those used by surgeons in the
study.
In any of these scenarios, neither the clinician nor the patient should assume that the efficacious aspects of the RCT
will apply. For example, in the case of carotid endarterectomy (CEA), the two large-scale RCTs, the North American
Symptomatic Carotid Endarterectomy Trial (NASCET) and
the European Carotid Surgery Trial (ECST), attempted to
make the CEA intervention as uniform as possible by allowing only surgeons with less than 6% morbidity and
mortality to participate in the trial.67,68 Although the conclusions drawn by both trials have largely informed how
patients presenting with symptomatic carotid stenosis will
be treated, a central question posed by the issue of generalizability becomes apparent when comparing the results of
CEA done by surgeons with less experience, in hospitals
with lower volume, or both. A retrospective review of patients in New York State who underwent CEA between
January 1990 and December 1995 found that patients who
underwent CEA in low-volume centers (< 100) with procedures done by low-volume surgeons (< 5) were found to
have higher inpatient mortality rates when compared with
those treated in more experienced centers by more experienced surgeons.69 Furthermore, experience has shown
that outcomes may also be influenced because of differing
techniques used for surgical interventions, although in
some instances analysis of the influence of the process of
care does not conclusively support this notion. A review
of the Cochrane Library for techniques associated with CEA
found results suggesting that variations in technique may
have little effect on outcome; specifically, the use of local
anesthesia compared with that of general anesthesia,70 eversion CEA compared with conventional longitudinal arteriotomy,71 and patch angioplasty compared with primary
closure showed no significant differences.72 Although conclusive data supporting one surgical technique over another may be difficult to obtain, what is missing from these
analyses are such variables as the difference in experience,
skill, and knowledge of the RCT surgeon who was selected
to participate in the RCT and the surgeon who delivers care
to patients when the results of the RCT are applied to the
general population.
Patient sampling within an RCT is conducted on a selected subpopulation within the greater population so as to
minimize the interference of nontreatment variables with
the production of accurate, unbiased results, thereby predisposing to a lack of generalizability. This conflict between

obtaining unbiased yet generalizable results is not an easy
one to resolve for designers of an RCT and must be considered by the physician interested in applying the results to
an untested population.

Ethics of Patient Selection
In addition to the challenge of identifying which patients to
enroll in an RCT, some authors have raised ethical concerns
about enrolling patients in an RCT at all and in the process
of randomization in particular. Most clinical trials employ
some form of randomization when determining a given
patient’s treatment assignment. However, although patients
and physicians sign an informed consent contract in which
patients acknowledge that they may or may not receive the
experimental intervention, several studies have shown that
patients have a poor understanding of the risks associated
with no intervention in a RCT.73 This situation increases the
responsibility of the physician to ensure that the patient’s
best interest is being pursued, as the surgeon has an implicit contract with the patient to offer the best care available. This therapeutic imperative poses a challenge to the
surgeon who may not believe that both treatment arms
of the trial are equally efficacious. As a result, the process
of randomization may not be free from bias; without clinical equipoise, the surgeon may offer surgery to patients
thought to be more likely to benefit and randomize those
who would be less likely to benefit.
Presumably, in any RCT, a new intervention is being compared with a prior standard of care or no treatment, and
the starting assumption is that the two interventions are
equivalent. Therefore, randomization, theoretically, should
not put the patient at increased risk. Several authors argue
the opposite; that is, all new treatments are inherently risky
as their efficacy is unknown, but patients may prefer the
“newer” intervention and investigators subjectively may
often feel that one treatment is superior to others.73,74 If
one treatment is felt by the investigator or patient to be
superior to another, it may be imprudent to subject any patient to an intervention thought to be less efficacious. Such
ethical questions have been raised by multiple authors and
have led some to consider alternative methods for choosing interventions worth subjecting to RCT. In 1980, Kadane
and Sedransk75 proposed a modification of the standard
RCT in which the subjective Bayesian technique is employed to determine which interventions may be admis
sible in a trial. More specifically, using standard Bayesian
probabilistic methods, multiple experts are polled to assess
the treatment options and goals of treatment for a given
condition; these treatment options then are reassessed in a
conditional way, so that the expert’s opinion (i.e., a prob
ability distribution for the goal of treatment) can be determined as a function of predictor variables.74 Only when a
given treatment intervention withstands these tests is it
included in a given RCT. Embracing this probabilistic methodology could mitigate the risk of including treatment
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interventions in which clinicians lack confidence. Ethical
considerations in RCTs of surgical interventions may be
even more challenging than those faced in medical RCTs.
Often, a certain surgical intervention may be considered so
intrinsically beneficial or necessary that some would argue
that an RCT is unnecessary. This ethical challenge was articulated in 1987 by Freedman76 as the principle of equipoise in RCTs.
Freedman describes two types of equipoise: theoretical
and clinical. Theoretical equipoise exists when there is no
evidence that one intervention is more or less beneficial
than the other. Theoretical equipoise is tenuous, as any
evidence that one intervention is superior will disrupt the
equipoise. Clinical equipoise exists when well-informed clinicians have a difference of opinion about which intervention may be superior; in such cases, the need to resolve this
conflict is what drives the RCT. These challenges were illustrated in the case of the Canadian Lung Volume Reduction Surgery Trial (CLVRT).77 In a select group of patients
with emphysema, lung volume reduction surgery appears
to be highly beneficial, with an improvement in pulmonary
function unmatched by the best medical interventions. In
such a case, theoretical equipoise has been disturbed as
many clinicians strongly believe in the pulmonary benefits
of lung volume reduction surgery. However, the presence
of clinical equipoise has prevented the universal adoption of
lung volume reduction surgery because the procedure is associated with higher mortality rates and prolonged lengthof-stay in intensive care units.77 Given this dilemma, the
study proceeded as a multicentered RCT. As illustrated by
the CLVRT, designers of the surgical RCT must be conscious
of the potential biases that exist toward surgical intervention and proceed only if clinical equipoise is present, necessitating an RCT to resolve the conflicting opinions.

Evolution of Knowledge and Therapeutics
Any discussion of providing quality care must take into account that medical knowledge is not static but constantly
evolving, requiring the physician to be a lifelong learner.
Although RCTs are designed and powered to be robust and
without bias, subsequent research can often lead to knowledge that may require a change in the treatment paradigms
established by the results of the RCT. Recent studies of CEA
for both asymptomatic and symptomatic carotid stenosis
have shown a higher operative mortality risk for women,
thereby decreasing the overall improvement in outcome
when NASCET criteria are applied to women, independent
of age.78,79 Furthermore, women with symptomatic carotid
stenosis treated with CEA are at a higher risk of perioperative stroke, compared with symptomatic men, but are still
within the normal and acceptable risks associated with the
intervention.79 This special case of women treated through
CEA illustrates that what may appear to be the best treatment course defined by an RCT for a group of patients with
a particular condition may ultimately change as new data
emerge—a possibility that must be considered when inter-

preting any RCT results, especially those that are older than
5 years.
Although increasing knowledge may lead to modifications of the applicability of an RCT, an issue of greater concern is the likelihood of RCT conclusions to be known or
accepted by practicing physicians. In a retrospective review
of 2,124 patients who underwent CEA in six hospitals in
1997 and 1998, the authors found that a significant number of patients underwent non-indicated CEA when physicians used NASCET inclusion criteria for their patients.80 The
majority of these “inappropriate” cases were asymptomatic patients with 60 to 99% stenosis and high comorbidity.
Perhaps more alarming is that nearly 9% of inappropriate
cases were done on patients with less than 50% stenosis.80
These findings highlight the limitation of any trial, not just
RCTs—that the clinical application of trial results relies on
the physician’s awareness and understanding of the results
of the RCT.

Economic Considerations
With rising costs in health care, attention must be paid to
the cost of carrying out an RCT, especially when there may
be evidence that will lead to the same results but at lower
cost. Furthermore, it does not appear that common practices and philosophies underlying the planning of clinical
trials will change; therefore, costs associated with any given
clinical trial are unlikely to fall. Spending on clinical trials
in the U.S. in 2005 was estimated at $24 billion and was
projected to exceed $32 billion in 2011.81 Given these staggering figures, the absolute necessity of conducting an RCT
must be considered before embarking on a costly design
and implementation process. For example, in certain clinical scenarios a particular surgical intervention is the only
appropriate choice, such as shunting for acute communicating hydrocephalus. Placing these interventions under the
burden of a large-scale clinical trial may place patients at
undue risk as the alternative treatments (no treatment or a
sham operation) would not only be fiscally irresponsible but
also ethically ill-advised. Only in cases in which an intervention represents a potential improvement over existing
interventions can the pursuit of a costly RCT be justified.
Given recent initiatives in health care reform calling for
cost-effective approaches to delivering care, other forms
of decision making, such as comparative effectiveness, are
being promulgated as less expensive ways of gleaning
meaningful information about the best practice for particular patient groups. In 2009, the American Recovery and
Reinvestment Act committed over $1 billion to conducting
new comparative effectiveness research (CER).82–84 CER is
predicated on the idea that assessing outcomes in a large,
heterogeneous patient population will yield more generalizable results. At the heart of these initiatives is determining the value of a given surgical intervention. In the health
care setting, value is defined as desired health outcomes
achieved per dollar spent.85 Determining the value of specific surgical interventions will require input from CER in
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which a population of patients with a given condition, undergoing a given surgical treatment, are compared with
untreated patients. A comparative analysis of cost spent on
each group, as well as analysis of their different outcomes,
will help elucidate which treatment interventions provide
the highest value.

Alternative Methods of
Clinical Assessment

 fficacy of an intervention is rigorously tested in an RCT
e
and its generalizability is best assessed in a pragmatic trial.
Reaching this totality of evidence is ideal; however, clinicians and health-policy makers often must make decisions
in the face of less information.82 It is therefore most important that clinicians understand the unique contributions from various types of trials to be able to interpret
the trials and use the information gleaned most accurately
and efficaciously.

Alternatives to Randomized Controlled Trials

Quality Measures

Although RCTs offer high-quality evidence of the benefits
and risks of a particular intervention in a certain population of patients, they do not always address key questions
that are important to clinicians and patients. For example,
an RCT of a new medication may compare it to a placebo
drug; however, physicians attempting to determine whether
or not to switch from a current medication to the newly
tested one may not find guidance from that specific trial
data. As mentioned above, investigators conducting the RCT
also tend to enroll a homogeneous group of patients, and
therefore the trial does not reflect the diversity of the suitable clinical population. Given these limitations, researchers have placed new emphasis on designing “pragmatic”
trials that attempt to answer more practical clinical dilemmas, such as the comparison of two interventions, and to
employ broad eligibility for patient recruitment.86–88 Such
trials often compare a specific intervention to the current
standard of care and do not employ blinding techniques.
Pragmatic trials do have limitations, particularly in adherence to the protocol, as most pragmatic trials allow patients to abort treatment as they might in normal clinical
situations. This potential for poor adherence may minimize
results of a pragmatic trial designed to assess the equivalence of two therapies.86 Another challenge to pragmatic
trials is that they require larger sample sizes than RCTs,
often needing multiple care centers from which to enroll
a suitable number of patients.86,87 Finally, given that pragmatic trials tend to keep patients unblended, there is always a risk of bias introduced by both clinician and patient,
especially when primary outcomes are subjective in nature.89 A recent study of four treatments in patients with
asthma found that albuterol, a sham inhaler, and sham
acupuncture were equally efficacious in reducing patientreported symptoms of asthma. However, lung function, as
measured by forced expiratory volume in 1 second (FEV1),
was only improved by the albuterol.89 When outcomes
such as patient satisfaction or symptom improvement are
sought, it becomes challenging to assess the quality and effectiveness of a particular intervention.90 Thus, pragmatic
trials, designed expressly to address some of the limitations
of the RCT, may likewise be limited in their ability to guide
clinical decision making.
Given these considerations, it is likely that the complete
assessment of a new intervention may require both styles
of clinical trials in a complementary way, in which the

Assessing the quality of medical care delivered in various
health care settings has proven difficult. In 1988, Donabedian highlighted91 this dilemma when he suggested that
quality of care depends on technical performance and an
interpersonal factor, that is, the patient’s expectation of a
favorable outcome. He stated, “The goodness of technical
care is proportional to its expected ability to achieve those
improvements in health status that the current science and
technology of health care have made possible.” From this
perspective, quality can then be seen as proportional to
the effectiveness of a given intervention. Although Donabedian’s model appears judicious, in fact evaluating effectiveness requires accounting for and assessing interpersonal
aspects of health care, as he terms them. The challenge of
evaluating quality in health care has spawned the field of
CER, noted above, in which health care interventions are
directly compared to determine which have the greatest
benefits, harms, and costs. In the aforementioned asthma
study, which found that albuterol treatment and sham
treatments showed no difference in subjective outcomes,
although objective lung function outcomes were different,
it is difficult to assess which of these outcomes is more important.89 A large factor in any subjective outcome measure is the patient’s expectations, and so studies that rely
exclusively on reports by patients may miss key aspects of
surgical care. In such trials, it is even more challenging to
define and quantify value.
Processes of care measures are one method by which
the delivery of quality treatment by health care entities are
assessed and compared. These measures often use chart
review to quantify a given institution’s ability to deliver
care that follows national treatment guidelines and standards of care.92 To promote transparent, high-quality patient care and accountability, the Centers for Medicare and
Medicaid Services and Hospital Quality Alliance began publicly reporting outcome measures for several conditions,
including 30-day mortality measures for acute myocardial
infarction, heart failure, and pneumonia, as well as inhospital adverse events and mortality.92 One of the goals of
publicly reporting such outcomes has been to assist medical centers in assessing the quality of the care they provide
and to identify areas needing improvement. From this initiative, it has become clear that large-volume centers seem
to have better outcomes than small-volume centers for the
medical conditions mentioned here. This concept has been
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most clear in the case of trauma management; regionalization of care is based on the concept that high-volume
centers are best equipped and experienced at dealing with
acute trauma. In a large-scale prospective trial, one of the
major factors associated with decreased mortality in trauma
patients was transfer to a tertiary-care center.93 Given the
dependence of outcomes on the clinical care setting, applying the results of an RCT obtained in a large tertiary-care
center becomes problematic if care predominately is delivered in a smaller clinical setting.
The use of prospective multispecialty registries has been
proposed to generate an audited registry of patients with
risk stratification, evaluation of processes of care, and attainment of meaningful clinical outcomes. An analysis of the
pooled registry data would allow clinicians to determine
best practices and refine surgical indications for the treatment of specific diagnoses. The analysis of these data would
have to address the inherent lack of randomization of patients to different treatment arms. Propensity analysis, in
which individuals with the same propensity score share
the same multivariate distribution of covariates, is one
strategy for controlling for known confounders. The key
limitation is that this method does not control for unknown
confounders.

Conclusion
Despite our specialty’s recognition of the importance of research in delivering the best care for our patients, and other
active initiatives such as designing evidence-based clinical

guidelines led by the American Association of Neurological
Surgeons (AANS) and the Congress of Neurological Surgeons
(CNS), compared with other specialties, neurosurgery historically has not had the benefit of as many large-scale
RCTs. Therefore, efforts to generate clinical practice guidelines have been informed by a focus on effectiveness and a
value assessment of particular surgical interventions.83 In
many cases, the neurosurgical treatment is determined on
an institution-by-institution basis. Recent years have seen a
change in this trend, with an increasing reliance on EBM in
neurosurgery to establish appropriate treatment paradigms.
Although the move in all medical fields toward EBM represents a positive trend in patient care, the utility and costeffectiveness of any given RCT must be examined critically.
The neurosurgeon evaluating a patient and weighing treatment options must be aware of the fine points of the reported trial data. Knowledge of the patient demographics,
conditions for surgeon inclusion, specific outcomes measured, and the extent of internal validity are all necessary to
properly apply results from an RCT to a particular clinical
setting. When the neurosurgeon approaches each patient
as an individual and weighs the available data in the context of the unique situation of the patient, a truly informed
decision can be made by both the physician and patient.86
Most important, the best interests of the patient can be met
when information and knowledge are thus united with
clinical judgment. Although the use of the RCT appears to
be at the pinnacle of EBM, modern value-based medical
practice, of necessity, will require other forms of decision
making that are less costly and more widely applicable.
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