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Foreword

This volume stands as a tribute to Dr. Shigeaki Kobayashi’s
dedication to academic excellence and to improving neurosurgical care. It is fitting that this volume should appear
near the time when Dr. Kobayashi serves as president of
the Japan Neurosurgical Society and as a leader in the
World Federation of Neurosurgical Societies.
In his first volume on complex tumors and vascular lesions, he brought his talents as a master surgeon to the
subject. The earlier volume combined chapters written
by a small group of core authors followed by comments
by other leaders from around the world, thus providing
an unusual breadth of perspectives that spanned the
globe. For this volume, only four years later, he assembled a list of international neurosurgical masters to
update and expand the knowledge in the first volume. It
covers the full spectrum of neurosurgical disease, techniques, and procedures. In the preface to the earlier volume, I wrote that “Complex clinical problems have been
dissected, de-mystified, refined, and simplified into understandable concepts.” The same is true of this volume.
In dealing with complex neurosurgical lesions, we gain

information that makes the care of common lesions
more accurate, gentle, and safer. This text will enhance
the work of neurosurgeons around the world.
I had the good fortune to work with Dr. Kobayashi
when we were both at the Mayo Clinic, and I am pleased
to see him emerge as an international leader in neurosurgery. This book, and the authors he has assembled,
stands as a tribute to his leadership. It is an effort of
which neurosurgeons around the world can be proud.
In this volume they will find the information and insight
needed to improve the care of common, as well as complex, problems. The late Kenchiro Sugita and Thoralf
M. Sundt Jr., whose work focused on complex neurosurgical problems and who provided the inspiration for the
earlier volume on complex lesions, would be proud of
the high standards embodied in this text. It is a great
honor to have been asked to write the foreword to this
text, which brings order to some of the most complex
lesions with which the neurosurgeon deals.
Albert L. Rhoton Jr, M.D.
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Preface
Neurosurgery: My Own Perspective

I have enjoyed neurosurgery for more than 35 years. This
entire period was one of learning for me. With age and
experience, I matured in the subject and in life. I have
spent a good part of my life thinking about various neurosurgical problems. I have spent sleepless nights and
restless days. The success or failure of a case molded my
state of mind. Every patient and every surgical procedure
were different and posed special challenges.
I have come to realize that it is important for a surgeon
to have extensive operating experience with as many
difficult cases as possible. The more frequently one enters
into difficult and complex situations, the more experienced and conversant one becomes in handling such
situations. Surgery, like science and art, has no end and
has to be enjoyed and learned.
Neurosurgery of Complex Vascular Lesions and Tumors is an
extension of my previous book, which described the procedures and concepts that we practice in our institution
with special reference to complex and difficult cases. This
book is designed to serve the same purpose for complex
tumors and vascular lesions, as seen from the perspective
of acknowledged neurosurgeons from around the globe.
These experts have presented complex and interesting
cases and have discussed their strategy of management.
I believe that young neurosurgeons should aspire to
become the best and work hard to achieve this goal.
They should learn from their colleagues and seniors and
accumulate all the information and knowledge necessary for achieving a particular goal. It has been our
departmental policy that the residents and staff members
discuss the case for surgery intensely. The entire department discusses the preparation before the surgery and
then analyzes it afterward.

Neurosurgery is not easy. It requires making decisions
at every stage. One has to make intelligent and correct
decisions. The most important and difficult decision is
to decide which patient needs an operation and which
patient does not need surgical intervention. When one
has decided about surgery, the planning of the surgery
should be elaborate and complete. The surgeon must
plan every detail in advance, including the position, the
incision, and the kind of dissection that will be performed;
all must be set in the surgeon’s mind. There should not
be any time wasted at any stage. There should be
focused discussion between the surgeons during the surgery. The operating surgeon is like a conductor who
must perform the surgery and control the entire team,
which includes the assistant surgeons, anesthetists,
nurses, and theater personnel. If the leader is performing the job well, the entire procedure can go smoothly
and perfectly. The outcome of the surgery depends on
the technical competence of the surgeon. Natural skills
and appropriate practice are essential qualities of the
surgeon.
Less or minimally invasive surgery is a common
denominator these days in all fields of surgery. This concept entered neurosurgery around 1990. In the practice
of less invasive neurosurgery, the skin incision, craniotomy, durotomy, and corticotomy are getting smaller
with less brain retraction. All intracranial procedures are
performed under the operating microscope. The retraction of the brain and neural structures should be minimal
and, wherever possible, zero. In acoustic neurinoma
surgery, for instance, I believe in “no touch and no traction” on any cranial nerves. With this principle, I have
been better able to preserve facial and hearing function.
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PREFACE

Neurosurgery is a wonderful subject and a great gift
that God has given us. We have the privilege of touching
and manipulating the brain. We have the power of giving a new life to a patient. We also have the power of
“killing” a person. A neurosurgeon should therefore
work and act with absolute humility. The operating theater should be the place for “worship.” The way a surgeon dresses for an operation and the noiseless and
clean surgical environment simulate the scene in a place
of worship. In the operating theater, neurosurgeons
should be completely dedicated and focused on the goal
and must remember at all times that their actions can affect the life of a human being for many years. They must
remember that the relatives of the patient are waiting to
hear about the patient’s welfare. They must have prepared the case for operation to the best of their ability
and capacity. They must have studied the anatomy of the
region and of the lesion. They should be completely focused on a good dissection. There should be absolute
discipline in the operating theater. There should be
no loose talking. The operative field should be kept
clean and attractive. Blood spilling on the drapes and
elsewhere in the operating room must be avoided. No
compromises are tolerated during the surgery.
In my case, I had an opportunity to train and work
with two giants in the field, Dr. Thoralf M. Sundt Jr.
and Dr. Kenichiro Sugita. These neurosurgeons influenced me in a variety of ways, forming my own philosophy
as well as developing my surgical techniques and
instrumentation.
Dr. Sundt wrote in the preface of Neurosurgeons
(Proceedings of the Japanese Congress of Neurological
Surgeons, 1988) about the attitudes and temperament
necessary for performing quality surgery. He stressed
that the physical condition of a neurosurgeon should be
at its peak at the time of surgery. The surgeon should go
to bed early the night before surgery, and should refrain

from drinking coffee on the morning of the surgery to
avoid avoid shaking hands. The most important is that
the neurosurgeon have a detailed and accurate knowledge of the operative case in question. Dr. Sundt
stressed that there is zero margin for error in neurosurgery.
Dr. Sugita wrote an interesting personal comment in
October 1985 in his letter to his colleagues and friends
when presenting his monograph:
The living brain has dignity and beauty. We neurosurgeons
are blessed that we are allowed to look at it and touch
it. All the brains we look at differ somewhere from the
other. Sometimes the brain is stained red and its vessels
are distorted and warped with reddish lumps. At times
we encounter a mass of vessels that initially looks like a
sheep but finally becomes a wolf. On other occasions
we endeavor to relieve a damaged nerve from compression by a tumor even when the nerve becomes as thin
as a thread. All my life revolves around the operating
theater.

Dr. Rhoton, with whom I had a chance to work at the
Mayo Clinic, kindly writes a preface for Neurosurgery of
Complex Vascular Lesions and Tumors. I have great respect
for him as a surgeon and as a pioneer in microsurgical
anatomy. Dr. Yasargil, who needs no introduction, and
Dr. Kikuchi, an eminent and respected Japanese neurosurgeon, have written notes on their philosophy of
neurosurgery.
While presenting this book to my readers, I wish to
convey a particular message: True happiness will come
to you only when you are able to solve a complex problem
successfully. Success will come to you only by dedicated
and hard work. You are fortunate that you have become a
neurosurgeon; therefore, you work with great enthusiasm
and happiness.
Shigeaki Kobayashi, M.D., Ph.D.
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Message

It is a very interesting idea of our friend Professor
Shigeaki Kobayashi to create a neurosurgery book that
deals with rare cases. I feel a special honor and pleasure
in commenting on my personal philosophy for deciding
about the indications for surgery as well as for planning
and surgical strategy.
My almost 40 years of experience in this specialty have
taught me that in planning for individual patients with a
particular pathology we must take into account all of the
factors relating to a patient, our surgical experience,
and the technical environment. Overarching all decisions should be the patient’s expectations about the surgery in terms of its effects on his or her personal and
professional life. Any surgical strategy for eradication of
a pathology in the brain and skull base has to be calculated with this in mind. In all cases the results of the

surgery should be better than the natural progression of
the pathology without surgery.
In recent decades we have learned much about the
causes of possible morbidity from different surgical
procedures for specific pathologies. Today, therefore,
neurosurgeons should try every possible means to avoid
the disaster of morbidity, and in cases of elective surgery,
the risk of mortality related to the surgery must be eliminated. I know this is a very demanding requirement and
a hard challenge, but I believe this is possible for the
new generation of neurosurgeons, who have available
the highest level of diagnostic procedures, anesthesiology, and intraoperative technology (e.g., electrophysiological monitoring, neuronavigation, and endoscopy).
Madgid Samii, M.D., Ph.D.
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Lessons
in Neurosurgery

I have enjoyed as well as learned a lot during my training
and practice of neurosurgery. This period has stimulated me to form my own philosophy in performing
microsurgery. My career as a neurosurgeon started at the
time that microsurgery was introduced in neurosurgery.
I had a chance to serve as an assistant to Professor
Yasargil, learning his techniques and philosophy, for
three years beginning in 1967.
After this introduction and 30 years of experience in
neurosurgery, I believe now that everyone must first try
to be a good assistant. The assistant should understand
what the surgeon is doing and should not interfere in
any way in the thought process of the surgeon and in the
progression of surgery. One must be alert and attentive
throughout the operation. It was the practice in Zurich
that the assistant always prepared a preoperative summary, including operative planning and strategy, and
made the illustrations on the basis of his own analysis of
the case. After surgery, this analysis was compared with
the actual operative strategy adopted by the surgeon.
This experience in every case was a good teaching lesson
for the assistant.
Besides assisting Dr. Yasargil’s surgery, during my free
time I practiced microsurgical techniques on animals in
the laboratory. I worked at performing dissection without causing bleeding and at training my non-dexterous
left hand. After leaving Zurich, I visited various institutions to see many complex operations being performed
by accomplished surgeons.

The living brain should be respected. Each surgical
intervention, however minor, should be well designed
and planned as well as minimally invasive. Surgery
should be performed with utmost care; every possible
precaution should be mixed with a firm optimism that
one will succeed in the end.
It is always most important to work through an adequate surgical exposure. One should remove the lesion
with the least damage to the normal surrounding brain,
like a skillful thief who leaves no trace of his entry and
exit routes.
Of all the difficult cases, I have found surgery on an
arteriovenous malformation (AVM) to be most interesting and demanding. Breakthrough bleeding of the
AVM during surgery is the most formidable of surgical
challenges. I try not to fight the lion face-to-face. Being
careful to the last minute to remove the nidus pays rich
dividends.
One should have a human and spiritual touch with
patients. Just before anesthetizing the patient, I always
reassure the patient and the relatives. Appreciating the
efforts of the operating theater staff is also important. It
has been my principle to try to carry out surgery calmly
and with a cool and composed mind. I believe that the
surgeon must perform excellent surgery to the best of
his ability and leave the rest to God, who will ultimately
determine the outcome.
Haruhiko Kikuchi, M.D.
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Microsurgical Anatomy: The Present and Future

Microsurgical anatomy will continue to be the science
most fundamental to neurosurgery in the future. It will
always occupy a major role in the training of neurosurgeons. An understanding of microneurosurgical anatomy enhances the safety of surgery and improves surgical
results. The study and dissection of anatomic specimens
improves surgical skill. Its study will lead to new and
more accurate operative approaches and provide the
basis for applying new neurosurgical technologies.
Microsurgical anatomy continues to be important in
improving and adapting old techniques to new situations and new surgical possibilities. In my neurosurgical
practice, even after 40 years, the study of microsurgical
anatomy continues to yield new insights in dealing with
neurosurgical problems. Microsurgical anatomy provides
the basis for understanding the constantly improving
imaging studies as well as providing an understanding of
the safest and most effective surgical pathway for visualizing and dealing with neurosurgical pathology. Every
year there are advances in neurological technology that
yield new therapeutic possibilities that must be evaluated and directed based on an enhanced understanding
of anatomy. We will need to continue improving our
knowledge of anatomy in the future in order to respond
to the new diagnostics and therapeutics.
The knowledge of microsurgical anatomy, combined
with the use of the operating microscope, has improved
the technical performance of many standard neurosurgical procedures (e.g., brain, spine, and skull base tumor
removal; aneurysm obliteration; neurorrhaphy; and even
lumbar and cervical diskectomy) and have opened new
dimensions previously unattainable to the neurosurgeon. The knowledge of microsurgical anatomy has

improved operative results by permitting neural and
vascular structures to be approached and delineated with
greater accuracy, deep areas to be reached by safer routes
with less brain retraction and smaller cortical incisions,
bleeding to be controlled with less damage to adjacent
neural and vascular structures, and nerves and perforating arteries to be preserved with greater frequency. The
use of the microscope, when combined with the knowledge of microsurgical anatomy, has resulted in smaller
wounds, less postoperative neural and vascular damage,
better hemostasis, more accurate nerve and vascular
repairs, and surgical treatment for some previously inoperable lesions. The microscopic study of anatomy has
introduced a whole new era in surgical education by
permitting the recording of minute anatomic detail not
visible to the eye for later study and discussion.
Surgery with the operating microscope has led the
neurosurgeon to the current limits of human dexterity.
In the future, however, robot-assisted microsurgery will
open new frontiers of delicate surgery that will require
additional microanatomic detail for optimization. The
evolution of other technologies, such as endovascular
surgery, will continue to require an accurate knowledge
of microsurgical anatomy. In the endovascular treatment
of aneurysms, an understanding of the variations in the
anatomy of the parent vessel and the perforating arteries
is as important as it is to microsurgical treatment.
Microsurgical anatomy provided the basis for our entry
into skull-base surgery and allowed us to reach every
site in the skull base through carefully placed windows.
The joint development of microsurgery with image
guidance has made it possible to work in long narrow
exposures to reach multiple deep sites within the brain.
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MICROSURGICAL ANATOMY: THE PRESENT AND FUTURE

The study of microsurgical anatomy has led to the development of new approaches, such as the transchoroidal
approaches to the third ventricle,1 the endonasal approach
to pituitary tumors,2 and the telovelar approach to the
fourth ventricle.3 In the future, there will be new, better,
and safer procedures that will continue to evolve out of
the continued study of microsurgical anatomy. In addition, several of the new developing surgical technologies
will require a revised and improved knowledge of microsurgical anatomy for their optimization. When I was
asked to prepare the year 2000 millennium issue of
Neurosurgery on the microsurgical anatomy of the posterior fossa, it was postulated that the body of knowledge
embodied in that volume would continue to be relevant
to neurosurgical practice at the beginning of the next
millennium.
Our work on microsurgical anatomy has grown out of
my desire to improve the care of my patients. It represents 40-plus years of working to understand the anatomy and intricacies of the brain in order to improve
the safety, gentleness, and accuracy of my patients’ surgeries. The operating microscope and knowledge of
microsurgical anatomy are my greatest professional
blessings and great contributors to the quality of life of
my patients.
It was during a fellowship in neurosurgical anatomy
that I realized the potential of greater knowledge about
microneurosurgical anatomy to improve the care of my
patients. During my training and thereafter, I lay awake
many nights, as I know you have, worrying about a patient
who faced a necessary, critical, and high-risk operation
the next day. With the operating microscope and increased
knowledge of microsurgical anatomy, I found that difficult operations carrying significant risk were done with
greater accuracy and less postoperative morbidity. New
drills have provided increased ease and delicacy of bone
removal and have allowed us to focus on dealing accurately and precisely with the delicate neural tissue that is
the basis of our specialty. The application of the operating microscope in neurosurgery has yielded a whole new
level of neurosurgical performance and competence,
and microsurgical anatomy is the roadmap for applying
microsurgical techniques.
I realized, as I started to present our studies of microsurgery and microsurgical anatomy, that there was a
need to train neurosurgeons in their use. When I moved
to the University of Florida, I began trying to develop a
center for teaching microsurgery and related anatomy.
Eventually, with the help of private contributions, we
were able to purchase the necessary microscopes and
equipment for a laboratory where seven surgeons could
learn at one time. The next task was to find seven individuals who were willing to come for a course.
Finally, after much solicitation, seven surgeons joined
us for a 1-week course. I was quite apprehensive about

that course because I was not sure that we could keep
seven surgeons busy learning new anatomy and surgical
skills for a whole week. It was comforting to learn that
Harvey Cushing, early in his career, had developed a
similar laboratory where surgeons could practice and
perfect their operative skills.
During the first afternoon of our first course, I walked
into the lab and, to my amazement, found seven surgeons working quietly and diligently. Nothing was said
for long periods of time. In the midst of this intense
endeavor and amazing quietness, I realized that we had
tapped into a great force: the desire of neurosurgeons to
improve themselves. When individual neurosurgeons
acquire new knowledge and skills, a new level of performance is achieved for the specialty. The competence of
the whole specialty has been improved by studies of
microsurgical anatomy. It is rewarding to see that most
neurosurgery training programs now provide a laboratory for studying microsurgical anatomy and perfecting
microoperative techniques. Every year provides multiple
examples of advances in neurosurgery, based on the
study and knowledge of microsurgical anatomy, that
make current operations more successful. It is interesting how the insights gained from recent studies, even
after many years of study, when combined with an intense
desire to improve one’s skill and competence, have led
to new insights and improved operative approaches.
In the beginning, nearly 40 years ago, our dissections,
even with microsurgical techniques, were crude by current
standards, with photographs needing to be retouched to
bring out the facets of anatomy important in achieving a
satisfactory outcome at surgery. As we learn to expose
fine neural structures, the display of microsurgical anatomy has become more vividly accurate and beautiful
than we had imagined possible and has enhanced the
accuracy and beauty of our surgery.
Our anatomic work is not complete in any area. Further study will yield new information that will improve
the operative approach and results. There is no finish
line for this effort. Future anatomic study will continue
to yield new insights throughout the history of our specialty. Insights gained from the other medical sciences
and new technologies, when combined with our increasing knowledge of microsurgical anatomy, will create new
surgical possibilities, therapies, and cures.
Albert L. Rhoton Jr., M.D.
REFERENCES
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Current Perspectives
in Neurosurgery

As doctors and surgeons, our intention is to liberate
patients from their diseases, and at least to comfort them
in their suffering. As neurosurgeons, our goal is the
complete elimination of a lesion, in the sense of a “pure
lesionectomy” with preservation of perilesional normal
structures and their functions, but without endangering
the homeostasis of the central nervous system (CNS)
and homeostasis of the entire body. Do no harm is the
renowned, essential message which has been pivotal in
advancing our progress during two and a half millennia.
The development and efficacy of surgical treatments
are related to a variety of elements and facts:
1. Advances in mathematics, basic sciences, medical
sciences, and technologies
2. Socioeconomic and cultural dynamics of societies
3. Professional implications
4. Psycho-philosophical aspects
5. Basic and perpetual education and training in
neurosurgery
Modern visualization and recording technologies, as
well as laboratory services related to breakthroughs in
microbiology and biochemistry, convey to us in the pre-,
peri-, and postoperative phases of surgical treatments
highly valuable information and data, which relay the
quantity and quality of pathological changes in a patient,
accurate topography of a lesion, and reactive morphological and physiological changes in the CNS and other
bodily organs. Advances in biochemistry and pharmacology offer us a sizable armamentarium of distinction, including specific medications; substitution, infusion, and
transfusion therapies; and induced narcosis, incorporating well managed physiological parameters and

intentional regulation of blood pressure, blood volume,
fluid–electrolyte–ion balance, and temperature.
These facilities at our disposal allow us, at each
phase of surgical treatment, to calculate, analyze, and
devise a strategy, imagine a plan, and execute the
necessary adjustments to effectively manage any anticipated deviations from the normal, and any minor or
major complications.
We need, however, to be aware of the existent imperfections in diagnostic procedures and our considerable
lack of knowledge associated with the integral physiology, biochemistry, molecular biology, and immunology
of the CNS. Improving surgical treatment of the various
diseases affecting the CNS is dependent on heightening
our efforts to refine diagnostic procedures. We need
more detailed information related to any alteration or
fluctuation in the pathomorphology and pathophysiology
of lesions, as well as the side effects of lesions on the CNS
and on bodily organs.

Tumors
The present advances in microsurgical techniques and
approaches allow neurosurgeons, in the majority of cases,
to completely remove extrinsic and intrinsic craniospinal
tumors and malformations, and to reconstruct the effects
of trauma on the cranium and spine. Computer-assisted
neuroimaging technology offers a myriad of two- and
three-dimensional (2D, 3D) pictures depicting the site,
size, extension, and vascularity of lesions. However, the
relationship of tumors to structures in their vicinity,
particularly to the bone, dura, arachnoidea, pia, nerves,
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and vasculature, remains obscure. Only at surgical
exploration will the degree of adherences and undissectable “sticky” adhesions of reactively altered meningeal
layers to lesions be disclosed. Some extrinsic tumors may
cause severe parenchymal perilesional edema, which
can be less intense or entirely absent in other types of
tumors such as adenomas, craniopharyngiomas, and
epidermoids.1
Methods of distinguishing the borderline of intrinsic
tumors are debated with vigor, based on results depicted
on various types of refined magnetic resonance imaging
(MRI) and multivoxel studies. Considering the discrepancy between the preoperative diagnostic interpretations
and clinical follow-up observations, it becomes clear that
more explicable data would be beneficial. Furthermore,
an effective intraoperative marking method to differentiate between tumor and normal tissue remains unavailable. This deficiency exerts an enormous impact on the
postoperative outcome of patients and on the treatment
planning of neurosurgeons and other specialists in the
field of neurotherapy.

Neurovascular Disease
In cases of neurovascular disease, modern visualization
technology is greatly appreciated. It offers detailed information on (1) different types and degrees of occlusive disease found in arteries and the venous system, (2) accurate
site and extensions of hematomas, and (3) various types
of intracranial aneurysms and angiomas, their precise
topography, size, multiplicity, and lateralization. Also,
certain data pertaining to hemodynamics can now be instantly recorded. Essential information regarding the actual quantity and quality of arterial and venous collaterals (important factors when implementing surgical
treatment of some vascular lesions) usually remains obscure. Single photon emission computed tomography
(SPECT), positron emission tomography (PET), xenon
computed tomography (Xe-CT), and ultrasound flowmetric and oxymetric investigations render highly
appreciated informative data, but they cannot take into
account all the circumstances of fluctuations in cerebral
hemodynamics.

However, the true architecture of arteriovenous
malformations (AVMs), their localization in a specific
compartment of the brain or spinal cord, their distinct
feeding and draining vessel pattern, and their multidimensional flow characteristic, will only then be accurately
revealed at microsurgical exploration.
The hemodynamics of the brain, comprising, in its
outer two thirds, cortical–subcortical areas and, in its
inner third, subcortical and deep gray matter, can be
compared to two twin motorized pumps (one pair cerebral, one pair cerebellar) and, in addition, one brain
stem.1 The mechanism of hemodynamics varies in patients with an AVM, depending on the size, location,
flow quantities, and qualities of the AVM, and the condition of the venous sinuses. If the venous sinuses are
stenotic or occluded, surgical planning has to be related
to this essential fact.
It is interesting to note that, for long periods of their
lives, the majority of patients become well adapted to
the hemodynamic changes caused by their AVM. After
complete surgical removal or endovascular occlusion of
the lesion, a smooth transition and readaptation to normal hemodynamics ensues. Perfusion pressure breakthrough syndrome was never encountered in any of my
520 operated patients.

Cavernomas
Modern neuroimaging technology, particularly MRI
studies, began to reveal the incidence of cavernomas of
the CNS, which were previously undetectable even on
superselective angiogram. In 10% of my 160 operated
patients the histological diagnosis was not cavernoma
but microvascular malformation, venous anomaly, or
telangiectasis. In an additional 4% of operated cases,
only yellow-stained cavities were found, but no cavernoma or other type of angioma. In retrospect, surgical
exploration was not indicated on account of this finding. The availability of a preoperative investigation, differentiating between an active and spontaneously eliminated or “dead” cavernoma, would have been of great
value, and would have hindered an unnecessary surgical
exploration.1,2

Arteriovenous Malformations

Aneurysms

The availability of 3D superselective serial digital subtraction angiography (DSA), rotational 3D MRI, magnetic resonance angiography (MRA), MRV, helical CTA
represent great scientific and technological achievements capable of instant visualization of different types
of intracranial angiomas and some aspects of their
hemodynamics, as well as hemodynamics of the CNS.

The site, number, shape, geometry, calcified walls,
thrombosed contents of an aneurysm, direction of fundus (anterior, superior, posterior, inferior, or mixed
type), course and variation of parent arteries, and their
wall condition (sclerosis, and regional or general
spasm), course and variation of the veins and venous
sinuses, presence of hematomas (subdural, cisternal,
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parenchymal, intraventricular), and varying degrees of
hydrocephalus, can be accurately defined within a short
time, applying the neuroimaging technology of today. In
addition, data delineating the regional and general
cerebral hemodynamics can be acquired via SPECT,
PET, Xe-CT, and transcranial ultrasound studies.
Many factors that influence the success of endo- and
exovascular procedures remain unknown and are a cause
of uncertainty and insecurity when planning either
treatment: (1) the quality of the aneurysm wall, homogeneous (thin or thick) or heteromorphic, which can be
independent from its size (micro or large), with or without existence of baby aneurysms; (2) the fact that the
site and size of an unruptured aneurysm cannot be proposed as exclusive indications for surgical intervention.
To know the quality of the wall is of great importance,
but this remains an undefinable aspect.
Indications for conservative or endo- or exovascular
treatment of an unruptured aneurysm that fail to make
reference to the quality of the aneurysm wall could result in unpleasant consequences for the patient, as well
as for the experts involved.
Adequate analysis and information with regard to the
origin, number, course, and variations of the perforators
bear great importance when designing a strategy for surgical intervention. When the perforators are incorporated
into the extension of an aneurysm base and cannot be
visualized with any neuroimaging technology, this could
exert negative consequences on endovascular treatments.
The quality and quantity of the arterial and venous
collateral systems of the brain remain entirely obscure in
any given case, and it is generally assumed that younger
patients have a better collateral system than older patients.
Temporary application of clips to parent artery(ies), or
intraluminal inflation of balloons, are practiced daily,
based merely on a very speculative assumption that the
time period of temporary occlusion lasting 1 to 15 minutes
will be compensated by the collaterals. Personally, I
prefer to apply temporary clips only during the very last
moments of aneurysm dissection to reduce the occlusion
time to 1 to 3 minutes, which was usually well compensated in the majority of patients. In some cases, unfortunate side effects of temporary occlusion of parent arteries
for only 1 to 3 minutes were observed, whereas in other
cases an occlusion of 15 to 30 minutes was surprisingly
well tolerated, without any negative consequences for
the patients.
Another factor that influences success in procedures
are the effects of inadequate knowledge concerning the
neurobiological dimensions of the brain. The Hunt
and Hess grading system and its variations, as well as
the Glasgow outcome scale, are well defined and therefore
applied worldwide on a daily basis. The criteria of the
grading systems,3–5 however, correspond to the general
condition of the patients and the reaction of their brain
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to the subarachnoid hemorrhage (SAH); they cannot
grasp and comprehend the fluctuating brain functions
in all dimensions. The grading systems are therefore
biased and are infused by many elements of subjective
judgment.
The differentiation between Grades I and II seems to
be easy and often adequate, but there is often a marked
discordance between residents and even faculty members.
A discrepancy in judgment occurs more often in Grades
II and III because of fluctuations in brain function
related to the patients’ biological processes or their
sensitivity to any sedative and seizure medication administered. Variance in judgment increases for differentiation
between Grades IV and V, even though Grade V is clearly
defined as a moribund state with dilated pupils, nonreactive to light. Some Grade IV patients are incorrectly
declared as Grade V and vice versa.
Objective appraisal of a patient who presents with
SAH is rendered more difficult if sedatives and seizure
medications are administered before or at admission to
the hospital. The condition of a patient intubated before
admission remains unknown.
The real clinical condition of already intubated patients
at admission to hospital, and those who are operated on in
the ultra-early phase (within 24 hours), remains, actually,
unknown. They should be classified as a specific grade
U  unknown because some of them may have been in
Grade II or III. Since about 1990, worldwide, patients in
all grades are actively treated within 24 hours (ultra-early
phase) or within 72 hours (early phase) justifying this
course by citing the danger of rebleeding, which is 4%
for the first day and 1 to 2% in following days. The
rebleeding rates quoted here cannot be declared as a
true rerupture of an aneurysm without proper documented evidence. An acute impairment of patients in
Grades III and IV has manifold pathogeneses. I am concerned about the mortality results of early operations,
particularly those patients in Grade III (20–30%), in
Grade IV (50–60%), and in Grade V (90–95%), which
are definitely much higher than the rebleeding rates.
I am convinced that surgical results would be greatly
improved just by allowing recovery time from the stress
of the SAH to the patients in Grades III and IV and even
in Grade II (Table 1).
Until 1968 I followed the rules of our teacher generation, to wait at least 3 weeks after an SAH before surgical
treatment of an aneurysm. I changed this rule in 1968,
indicating surgery for patients in Grades I and II, with or
without hematomas, during the early phase (3–10 days
after an SAH), also for patients in Grades III and IV, but
only in those cases with large hematomas.
Patients in Grades III and IV without large hematomas were operated on after their recovery, which
occurred in Grade III patients usually within days, and
in Grade IV patients after 2 to 3 weeks. Grade V patients
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never recovered, despite all intensive therapeutic
management in the intensive care unit (ICU).
Another problem arises when an aneurysm is incompletely occluded by either coiling or clipping treatments.
There are also the unexplained problems of angiogenic
growth and the complication of aneurysm regrowth.
From 1967 to 1968, I experienced regrowth and
rerupture in eight patients with incompletely clipped
aneurysms. Thereafter I began to coagulate the base of
an aneurysm thoroughly to eliminate the bulging part
and to create a proper neck. During a follow-up time period ranging from 1 to 34 years, regrowth and rerupture
did not occur in about 2000 patients with single and
multiple aneurysms. The bipolar coagulation technique
applied to tame and shrink a dysmorphic aneurysm,
thus creating a proper neck, has proven to be an important tool, which in general, is not practiced and never
discussed and has, in some ways, already been forgotten.
Investigations of cerebral hemodynamics are concentrated predominantly on the arterial (input) sector of
the circulation, whereas venules, veins, and venous sinuses (output sector) are often neglected, particularly
in cases of SAH. Diffuse and severe subarachnoidal hemorrhage affects, to a certain degree, the venous sector of

intracranial hemodynamics, impeding blood outflow
due to its obstruction of the venous system along the
cisternal pathways. Secondarily the CSF dynamics are
affected, causing congestion of venous blood and CSF.
Subsequent escalation of these negative influences affects
both these drainage systems and results in increased brain
blood and water volumes.6–8 At surgical exploration in the
acute or early phase after subarachnoidal bleeding, the
exposed brain will often be extremely swollen. Following
CSF release from the basal cisterns, removal of blood clots
from interpeduncular and prepontine cisterns, and opening of the lamina terminalis, the brain relaxes dramatically. If the brain fails to relax, then there is a true brain
swelling, which requires more intensive anesthesiological
measures.
The phenomenon or syndrome of so-called cerebral
vasospasm cannot be solely attributed to the arterial
spasm visualized on angiogram, nor to the postulated
spasm of small-caliber arteries and arterioles not visualized on angiogram. Massive subarachnoid bleeding
causes an internal trauma to the CNS, which catalyzes a
complex interactive chain of pathophysiological processes
in the arterial, venous, and parenchymal architecture of
the brain (see Table 1).

TABLE 1 Intracranial Saccular Aneurysm and the Central Nervous System
Clinical Condition of Patient
I. Unruptured aneurysm
0a (small–moderate sized aneurysms)
0b (large–giant sized aneurysms)
(consciousness level I–V)

II. Ruptured aneurysms
(small–large sized aneurysms)
Ia–IIa
Ib
IIb
IIIa–IIIb
IV
(small–large sized aneurysms)

}

Condition of CNS
No effects to the CNS functions
Disorders of CNS functions:
ParenchymalCSFdynamics
Hemo-

}

No effects to the CNS
Disorders of CNS functions:
1. Hemodynamics
a. Spasm, swelling of wall
(ischemia–infarct)
b. Obstructed venous drainage, secondarily obstructed capillary
hemodynamic
2. Cerebrospinal fluid—dynamics:
a. Hypo- or hyperproduction
b. Circulatory, malresorptive, hydrocephalus
c. Secondarily effecting hemo- and parenchymal dynamics
3. Hematoma
a. Epidural
b. Subdural
c. Cisternal
small–large
d. Parenchymal
e. Intraventricular
f. Combined b&c, c&d, d&e, c&d&e
4. Parenchymal dynamics
Internal brain trauma (IBT)
Concussion, contusion
Diffuse axial injury (DAI)
Second impact syndrome (SIS)  second, third, or more rebleeding
Delayed deterioration (DD)  negative chain reaction of interwoven action of
hemo-, CSF-, parenchymal dynamics

}

}

IIIb
IV
V
(small–giant sized aneurysms)
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The efficacy of calcium channel blocking agents and
several other agents propagated to relieve the effects of
SAH and also the advantages of Triple H treatment
continue to be controversial and are debated in many
publications and at meetings. The antispasm properties
attributed to calcium antagonists, and advocated by
many, have never been proven. The neuroprotective or
supportive properties, which purport to enhance the
development of a supplementary collateral circulation,
also remain scientifically unproven assertions.
There exists a great inconsistency in perioperative
management of patients with SAH, in particular concerning fluid electrolyte balance, administration of calcium blocking agents, Triple H concepts, and vasospasm
therapy using either or both angioplasty and regional
intraarterial papaverine injection.
Our patients deserve a more sophisticated technology
that is noninvasive, provides instant results, and continuously records, delivering reliable parameters to
interpret the hemodynamics and the CSF, endocrine,
and metabolic dynamics of the CNS. Reliable methods
to adequately support the biophysical, biochemical,
and immunological activities of the body and brain are
also lacking. The intraparenchymal measurements
obtained using a microdializing device system9,10 are a
promising preliminary in the development of this
patient-related technology, designed to improve their
perioperative treatment.
We have to confess, however, the manifold and
fluctuating physical, chemical, metabolic, biological,
and psychological activities of the CNS can still not be
instantly and constantly measured at the bedside. Undiscovered remains the many-faceted capacity of the individual brain, its actions, reactions, resistance, reserve,
regulation, regeneration, and recuperation capabilities.
Unhesitatingly accepting the advances in neuroimaging
and neurorecording attained within the past 50 years,
we are often left alone in our daily professional lives
“guessing” decisions. Unmeasurable are individual “clocks”
of patients, synchronizing the frequency, rhythm, and
margin of functional oscillation of the CNS, as well as
synchronizing the network of individual organs and their
integral functions.
As many as 243 years after the first description of an
intracranial aneurysm by Morgani (1761), its etiology
remains unknown, and our knowledge of the autoregulation of homeostasis both in the healthy CNS and in
cases of a subarachnoid bleeding is far from sufficient.
The establishment of neurovascular research, diagnosis,
and treatment centers that are capable of contending with
a high volume of patients is an absolute prerequisite for
the development of more effective treatments for our
patients with aneurysms. The cooperation of a vascular
neurologist, vascular neuroradiologist, vascular neurosurgeons, neurotechnicians, and neuronurses in the

xxv

operating room (OR), ICU, and ward, who are active in
the same institution, who discuss and concur together
on a daily basis, and who have access to complete, appropriate diagnostic and therapeutic equipment and instrumentation, would exert a positive influence on the therapeutic management of patients and would greatly
impact research and the development of new strategies.

Socioeconomic and Cultural
Dynamics of Societies
Endeavors to realize more effective treatments for our
patients are contingent on up-to-date diagnostic facilities and on faultless therapeutic modalities and support
facilities of a hospital:
• Space and functionality of the OR, ICU, and ward
• Hygiene, air quality
• Electrical power system with secured substitutes
(generators)
• Instant connection to laboratories, related medical
institutions (neuroradiology, neuropathology), technical facilities, and media services
• Expert and fully equipped neuroanesthesiology team
• Expert neuronurses in the OR, ICU, and wards
• Expert technicians for various neuromonitoring
activities
• Respiratory, physio-, and occupational therapists
• Benevolent administration and a favorable health
care system
• Publication service
• Training laboratories for microsurgical techniques
on cadavers and animals

Professional Implications
The professional knowledge, surgical talents, skills, dexterity, experience, and engagement of a neurosurgeon is
not called into question here, but each neurosurgeon
is challenged to confess his/her own limits in the
treatment of certain types of diseases of the CNS; in
the performance of procedures located in a specific,
delicate, topographic areas of the CNS or on patients
in unfavorable physical and/or mental condition; and in
decisions to operate while being aware of deficiencies
in the surgical team, institution, apparatus, and instruments. A further aspect to consider is the neurosurgeon’s
personal physical and mental condition for surgery, for
instance following an evening of lengthy academic or
administrative sessions or following long-distance
flights. I can well imagine a day in the future when
specific parameters will be introduced to evaluate the
pre- and intraoperative physical and mental condition
of surgeons and surgical teams.

13830_C00.qxd

3/2/05

xxvi

3:40 PM

Page xxvi

CURRENT PERSPECTIVES IN NEUROSURGERY

We need to strive to think freely and responsibly,
using all of our knowledge and experience, to make the
best decisions and recommendations for our patients.
Our prime responsibility and commitment is to the best
care and outcome for our patients’ to the reputation of
our profession, and as a model for younger generations.
Considering our own limitations, we should never
hesitate to give honest advice to our patients and to
consult other colleagues, who may be able to perform
effective therapy for a so-called inoperable or untreatable
lesion.
From a historical perspective, until 130 years ago, the
central nervous system was deemed an inviolable,
unmanageable, untouchable structure for any routine
surgical procedure. The bony craniospinal boxes enclose a treasure, the unique organ of the CNS, whose
organization and function have been only partially
revealed. The pioneer generation of craniospinal
surgery began, with considerable timidity and reluctance, to gradually develop the approaches that we now
proudly call conventional.
The CNS is, at the present time, accessible from every
possible aspect for the application of a number of different therapeutic ventures. The remarkable speed with
which developments have occurred was partially due to
the impressive achievements in basic sciences and technology, and was not confined to the field of neurosurgery
but also arose in abdominal, thoracic, cardiovascular,
orthopedic, ophthalmic, ear-nose-throat (ENT), and
transplant surgery.
The growth of the population—from 1.5 billion to 6 billion within 100 years—and the increase in scientific knowledge have been a driving force in the development of medicine. Vascular surgery in general, including that of the
central nervous system, began 50 years ago. During this
time, the number of neurosurgeons has increased from
100 to 200 to 25,000 to 30,000. The exponential growth of
carotid and vertebral artery surgery from a few to 150,000
to 200,000 per year (80% operated by vascular surgeons,
20% by neurosurgeons) is incredible. Until 1956, only 600
patients with intracranial aneurysms underwent surgical
exploration, whereas today, per year, approximately 70,000
to 80,000 patients are operated on worldwide by endo- and
exovascular surgeons (50% each specialty).
Although the entire field of neurosurgery is at the
present time unrestricted; that is, neurosurgeons are not
limited to practicing in any one specific neurosurgical
subspecialty, only some diseases are at the present time
being treated by a neurosurgeon specializing in that
particular area. To cope with this fast development, the
younger generation of neurosurgeons needs intensive
training in laboratories. Practicing the various microtechniques, they will discover their inclination or
preference and choose a subspecialty, for instance neurovascular, skull-base, spine, or epilepsy surgery.

The Psycho-philosophic
Aspect of Neurosurgery
Besides adequate fulfillment of the aforementioned
factors, there remains an essential entity in our profession; namely, the uncertain course a neurosurgical procedure will take, depending partly on the preoperative
findings and the unpredictable postoperative process.
The unintentional injury of arteries, veins, or venous sinuses; the premature rupture of an aneurysm; or the
brisk bleeding from an AVM or from a highly vascularized extrinsic or intrinsic tumor, may impart to the surgeon in the first moment of such a dramatic occurrence the impression that the situation is desperate
and lost. Even after intensive efforts, the crisis may appear to be out of hand. The resulting entanglement of
hemodynamics or other dynamics of the CNS may
cause complex derailment of the subtle homeostasis of
the CNS and other organs, calling on a concerted effort and close cooperation of the entire surgical team
with a strong regard for esprit de corps. In such a
highly tense situation a neurosurgeon is fortunate to
have professional and moral support from the surgical
team, the neuroradiologist or other expert specialist,
and visiting colleagues.
Each neurosurgeon knows from his or her own experience and observations that this life-threatening
situation will finally be encountered, and the surgeon
must confront it with determination, intelligent judgments, self-possession, calmness, endurance, tenacity, and
persistence. Panic-stricken reactions, fearful reluctance,
or discouraging deliberations must be instantly eradicated. Our reflections on professional responsibility
and commitment will evoke in us the courage and
perseverance to conduct an untiring fight until an
acceptable solution is achieved.
We are aware that a surgical treatment consists of
three phases, namely pre-, peri-, and postoperative periods. The preoperative meetings with the patients,
family members, and friends are of great importance
to secure mutual confidence. A patient should be accompanied by the surgeon to the OR who then observes the entire procedure of anesthesia. After performing each step of surgical exploration and
elimination of the lesion, the chief resident accomplishes the last step, that of closure. The surgeon
should observe the awakening and extubation of the
patients, accompany them to the recovery room or
ICU, and observe closely for the first day and following
2 to 3 days. Frequent visits of the surgeon to the recovery room, ICU, and ward are an excellent, reassuring
psychotherapy for the patients, and a profitable, educational experience for neurosurgeons during
discussions of treatment modalities with the nursing
staff, residents, and other specialists.
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The abundant informative data relayed from postoperative recording and visualization technology are efficient
in detecting major disorders, whereas the constantly fluctuating, oscillating bio-physico-chemical activities of the
brain are beyond the scope of any neuroimaging and
laboratory investigations. The close, attentive observation
of patients by the neurosurgeon together with an expert
nursing staff is classed as the most reliable monitoring of
these parameters.
In view of the uncertainty surrounding neurosurgical
procedures, caution and anxiety accompany me incessantly in the pre-, per-, and postoperative phases, in some
cases even months after surgery. In retrospect I can call
myself fortunate that most patients survived surgery with
a good outcome; 80 to 85% good, 10% moderate, and
5% poor. Complications such as the injury of an internal
carotid artery (ICA) occurred in three patients, avulsion
of the anterior inferior cerebellar artery (AICA) from
the basilar artery in one case, ruptures of aneurysms at
dissection in approximately 20% of cases, brisk bleeding
from AVMs in 5%, and from tumors in 3%, all of which
could, happily, be well controlled. Complications that
resulted in unfortunate outcomes in eight cases are
presented in volumes 2, 3b, and 4b of Microneurosurgery.
Performing surgery of lesions of the CNS requires
courage, stamina, and steadfastness. For 3 to 6 hours
(actually 10,800–21,600 seconds) the surgeon must
make several thousand well-calculated decisions, weighing for each the ratio of the possible risks and rewards.
When making intraoperative decisions, the surgeon
should balance his freedom to make decisions with his
responsibility for the outcome. His decision should be
based on his accurate observation of the surgical field
and the applicability of each surgical manipulation.
Courage implies having the wisdom to know the correct
moment, the correct anatomical location, the correct
proportion, and the correct significance of each surgical
action.
This book, initiated, organized, and edited by Professor
Shigeaki Kobayashi, signifies the ethical strengths of
our professional endeavors and confirms our zeal as we
construct and secure a bridge between our past and our
future.

The Basic and Perpetual Education
and Training in Neurosurgery
The pioneer neurosurgeons relied on the lobar concept to describe the localization of lesions. They developed translobar and sublobar approaches for the
exploration and removal of lesions of the CNS. Their
strategies, tactics, and techniques were accepted
worldwide, with some variations being routinely ap-
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plied to these classical–conventional procedures, until
35 years ago.
Then microneurosurgical techniques became routine
in many facilities and the concept of recognizing segmental and compartmental predilection sites of vascular,
neoplastic, infectious, and degenerative lesions was
established. Applying microtechniques and the strategy of cisternal exploration results in less trauma to
normal brain, and, in the majority of cases, to complete
removal of the lesions. Neuroendovascular, neuroendoscopic, and computer-assisted neurorobotic surgeries
represent supplementary methods of approach, which
need to be adapted to the new techniques and require
us to accumulate more detailed knowledge in neuroanatomy. At the present time molecular biologists
are exploring intra- and intercellular structures and
functions in nano-, pico-, and femtometric dimensions.
Our professional education and training should be
viewed as a perpetual sequence of learning and improvement, accompanying and enhancing our work and our
challenges as neurosurgeons.
Our specialty has great potential for growth. Opportunities and resources are available to further develop
our armamentarium, to refine our skills, and to devise
innovative techniques.
M. Gazi Yasargil
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1
Multiple Paraclinoid Aneurysms of the
Internal Carotid Artery
SHIGEAKI KOBAYASHI, YUKINARI KAKIZAWA, KEIICHI SAKAI, AND YUICHIRO TANAKA

Diagnosis Three paraclinoid aneurysms
Problems and Tactics Three unruptured aneurysms were incidentally
found at a short segment of the C2–3 of the internal carotid artery (ICA) in a
healthy young man. Despite the difficulties in clipping all three aneurysms,
surgical treatment was chosen because of no guarantee of future subarachnoid hemorrhage (SAH).
Keywords Paraclinoid aneurysm, carotid cave aneurysm, multiple clippings,
ring clips

Clinical Presentation
This 29-year-old man had complained of right nocturnal
retroorbital pain. He had suffered a skull base injury at
the age of 10. Carotid angiograms showed multiple paraclinoid aneurysms in the ICA: a small clinoid segment
aneurysm (3 mm), a carotid cave aneurysm (6 mm), and
a carotid ophthalmic aneurysm (9 mm) in the order
from proximal to distal location (Fig. 1-1).

Surgical Technique
The patient was placed in the supine position. The right
cervical carotid artery was exposed for possible temporary occlusion as well as for intraoperative angiography.
A right frontotemporal craniotomy was performed.
After durotomy, the sylvian fissure was opened. The carotid ophthalmic aneurysm was not seen initially. The
anterior clinoid process was drilled intradurally, and the
optic canal was unroofed. After removal of the clinoid
process, it became possible to see the distal neck of the
carotid ophthalmic aneurysm. The optic sheath was
opened superiorly. The proximal dural ring was opened

to expose the genu and the axilla of the ICA. The bleeding from the cavernous sinus was somewhat profuse, but
it was controllable by packing with pieces of Oxycel®.
There was considerable adhesion between the clinoid
segment of the ICA and periosteum, which is usually
rather free. Careful dissection of the distal dural ring
was performed first laterally from the axilla portion, but
it was extremely difficult to dissect it medially because
the carotid ophthalmic aneurysm was located nearby
making it difficult to mobilize the artery and prepare
the carotid cave aneurysm for clipping. The distal dural
ring was dissected as much as possible around the carotid artery, except just under the carotid ophthalmic
aneurysm. In dissecting the clinoid segment of the ICA,
which is C3–4, we could see a small aneurysmal dilation
at the ventromedial side of the segment. Finally, dissection was performed to mobilize the initial segment of
the ophthalmic artery from the dura to create a space
for clipping the carotid cave and carotid ophthalmic
aneurysms.
First, a curved-bladed ring clip with 5-mm long blades
(No. 77) was introduced from the C3 segment distally to
occlude the carotid cave aneurysm. Because the cave
aneurysm was located behind the artery, special care was

3
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FIGURE 1–1 Preoperative left carotid angiograms showing (1) a clinoid segment aneurysm, (2) a carotid cave aneurysm, and
(3) a carotid ophthalmic aneurysm. (In the order of proximal to distal location of the ICA). (A) Anteroposterior view. (B) Lateral
view. (C) Oblique view.

taken to avoid injuring the cave aneurysm as well as the
nearby carotid ophthalmic aneurysm. Clipping was performed by placing the left blade first and then the right
one considering the local anatomy and the surgeon’s
right-handedness. Before going to the carotid ophthalmic aneurysm, we clipped the clinoid segment
aneurysm with an angled blade-deviated, fenestrated
clip (No. 938–11), whereby the blades were shortened
with a diamond drill to 2.5 mm. Finally, the carotid
ophthalmic aneurysm was clipped with a No. 10 straight
clip (10 mm length) while keeping the aneurysm in view
from the temporal side to avoid overstretching or injuring the optic nerve. At this point we performed

1

intraoperative angiography, which showed that the
ICA was stenosed at the infraclinoid segment caused by
the blade-deviated clip and that the ipsilateral anterior
cerebral artery was not opacified. We replaced the clip.
In the course of doing this, we found that the internal
carotid arterial tension was low. We realized that for
some reason the flow in the ICA had been compromised. After removing the blade-deviated clip, intraoperative angiography was performed again, which showed
the ICA to be patent. The local anatomy was checked in
detail in the operating field. The blade-deviated fenestrated clip was further shortened to 1.5 mm so that it
would not stenose the parent artery. This shortened clip

F

2
3

I
III
ICA

FIGURE 1–2 Schematic drawing showing the skin incision and craniotomy
and the operative sketch after all
aneurysms were clipped in the right
pterional approach with anterior clinoidectomy, optic unroofing, and dural
ring dissected. 1 Clinoid segment
aneurysm by blade-deviated fenestrated clip (No. 938–11), 2 carotid cave
aneurysm by curved-bladed ring clip
(No. 77), and 3 carotid ophthalmic
aneurysm by straight clip (No. 10).
Note that all clips are properly selected
and placed without conflicts with each
other. ICA, internal carotid artery; I, optic nerve; III, occulomotor nerve;
F, frontal lobe.
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FIGURE 1–3 Computer graphic simulations and postoperative oblique angiogram of the right internal carotid artery. (A)
Preoperative computer graphic simulation. (B) Postoperative

computer graphic simulation. (C) Postoperative angiogram.
(1) clinoid segment aneurysm, (2) carotid cave aneurysm, (3)
carotid ophthalmic aneurysm.

was reapplied with a side-bent clip applier to place the
clip from a more lateral angle (Fig. 1-2). Intraoperative
angiography showed good patency of the ICA and occlusion of all aneurysms. The sphenoid air sinus which
opened upon removal of the anterior clinoid process
was packed with pieces of temporalis muscle and fascia
(intradural procedure: 5 hours).

tive field, an aneurysm in a more distant and deeper
location is usually clipped first. However, if the deepest
clinoid segment aneurysm had been clipped first in this
case, it would have been impossible to apply a clip to the
carotid cave aneurysm. A carotid cave aneurysm is usually
clipped from the distal side of the ICA using a curvedbladed clip.2 In this case, it was impossible and dangerous to apply the clip distally due to the just distally located
carotid ophthalmic aneurysm. Thus we first applied the
clip to the carotid cave aneurysm from the proximal side
of the ICA and then clipped the clinoid segment aneurysm
and finally the carotid ophthalmic aneurysm. Clipping
the clinoid segment aneurysm required a blade-deviated,
fenestrated clip because the aneurysm was ventromedially
projected in the field.4 This clip is designed with an angled fenestration and laterally located blades. Its blades
were unnecessarily long in this case. If a proper-sized clip
is not available, it is recommended that the blades of a
clip be shortened intraoperatively using a diamond drill.
Finally, we used various clips with different shapes, ring
sizes, and lengths for three aneurysms located within the
short segment of the ICA to avoid the clips conflicting
with each other. When applying multiple clips, care should
be taken not to occlude or stenose the parent artery and
not to cause kinking of the distal arterial branches by
stretching the parent artery.5
Intraoperative angiography was very helpful to confirm patency of the parent arteries and complete occlusion of the aneurysms. This is a useful and important adjunct especially for an ICA aneurysm of ventral type or
an aneurysm of large or giant size.
Optic nerve injury and cerebral ischemia were feared
complications. Because of juxtaposition of the optic nerve
to the aneurysm, protection of the optic nerve and preservation of the ophthalmic artery must remain a primary

Outcome
The postoperative course was uneventful. The postoperative angiogram showed satisfactory clipping of all
aneurysms (Fig. 1-3).

Key Points
This was an extremely difficult case because three
aneurysms were closely located at the juxtadural ring
portion of the ICA. They are also commonly called paraclinoid aneurysms. It is essential to know the local microsurgical anatomy1 and technical difficulties2,3 of surgery
for juxtadural ring aneurysms. Unruptured multiple lesions, including the carotid ophthalmic aneurysm (9 mm
in diameter), have a propensity for future rupture in this
young man. The carotid cave aneurysm may bleed, causing carotid cavernous fistula or SAH. According to our
experience, 17% (3/18) of the carotid cave aneurysms
caused SAH. In this case treating these aneurysms by intravascular surgery was abandoned because two of them
were small with a wide neck; therefore, we chose direct
clipping of all three aneurysms.
In this case, clip selection and clipping order were
critical. When there are multiple aneurysms in the opera-
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concern to avoid visual complications. Preventing cerebral ischemia is another important concern.
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Comments
This is an interesting report of a very difficult technical
challenge presented by the presence of three different
aneurysms, each pointing in a different direction within a
short segment of the internal carotid artery. The case
illustrates beautifully how a master surgeon was able to
handle this situation with the intelligent use of different
clips. The technique used by the author of shortening the
blades of the clip using the diamond drill is noteworthy;
I have also found this technique helpful. It should also be
noted that the surgeon chose to have control of the
carotid artery in the neck because it clearly would have
been difficult to obtain control at the clinoidal segment
given the need to use several clips in this short space. My
only concern, which I present simply as an unresolved
issue and not as criticism, is whether clipping of the small,

but difficult, carotid cave and clinoidal segment
aneurysms was indicated. Although the author indicates
that the carotid cave aneurysm was 6 mm, it appears to be
smaller in the illustrations presented. How dangerous are
these small aneurysms? It is clear that significant evidence
has emerged recently to indicate that the risk of hemorrhage of aneurysms smaller than 10 mm, and particularly
smaller than 5 mm, is very small; therefore, an alternative
approach, particularly for a surgeon without the extraordinary skill and experience of Dr. Kobayashi, would have
been to deal with the ophthalmic aneurysm and do nothing about the other two aneurysms unless they grew significantly on periodic follow-up.
Roberto C. Heros
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Multiple Aneurysms Treated via Frontal
Interhemispheric Approach
AXEL PERNECZKY AND ROBERT REISCH

Diagnosis Aneurysms of the left internal carotid artery and right pericallosal artery
Problems and Tactics After severe subarachnoid hemorrhage two
aneurysms of the left internal carotid and right pericallosal arteries were diagnosed. Because of poor neurological status and a special pathoanatomical
situation neuroradiological therapy was initially performed, with complete
closure of the aneurysms. However, after good recovery, the late postinterventional angiogram revealed reopening of both aneurysms. The aneurysms
were exposed and successfully clipped via a single frontal interhemispheric
approach. Using an endoscope-assisted microsurgical technique, the aneurysms
could be completely closed without excessive retraction of sensitive neurovascular structures.
Keywords Contralateral approach, interhemispheric exposure, multiple
aneurysms

Clinical Presentation
A 48-year-old woman was admitted to our neurosurgical
department in 1996 after severe subarachnoid hemorrhage. The clinical examination revealed Hunt and Hess
grade IV; the initial computed tomography showed no
signs of hydrocephalus. The four-vessel angiography
showed two aneurysms of the left internal carotid and
right pericallosal artery (Fig. 2-1A). Because of the poor
neurological status and special pathoanatomical situation with narrow subarachnoid cisterns, neuroradiological interventional therapy was indicated, and complete
closure of both aneurysms was achieved. After a long
period of intensive care therapy and necessary shunt
operation the patient recovered fully and could return
to her previous employment. Despite our recommendation, the patient refused postinterventional angiographic.
Six years after the bleeding, an angiographic control was

ultimately performed that showed reopening of both
aneurysms (Fig. 2-1B). The surgical solution was chosen
after interdisciplinary discussion with the interventional
neuroradiologist concerning the therapy modality that
could offer the best and safest aneurysm occlusion.

Surgical Technique
Approach Planning
In multiple aneurysm cases, the surgical goal is generally
to occlude all aneurysms, if possible, via a single operative
approach. In this case, treatment of the right pericallosal
aneurysm required an interhemispheric exposure. The
planning procedure explored the potential for approaching the left-sided internal carotid artery (ICA) through
the same surgical corridor. It was concluded that, by performing a slightly oblique interhemispheric exposure

7

13830_C02.qxd

8

2/2/05

2:56 PM

Page 8

SECTION 1  Vascular Lesions

FIGURE 2–1 (A) Initial, (B) postinterventional, and (C) postoperative angiograms of a 48-year-old woman who suffered
from severe subarachnoid hemorrhage. (A) The initial carotid
angiograms reveal aneurysms of the right pericallosal and left

internal carotid arteries. (B) Note the residual aneurysms
6 years after interventional therapy. (C) Both aneurysms could
be completely closed using a single frontal interhemispheric
approach.

through a limited right paramedian precoronar craniotomy, the aneurysms of the ipsilateral pericallosal
artery and the contralateral internal carotid artery could
be effectively approached.

borders of the sinus, a small paramedian craniotomy with
a diameter of 2.5 cm was created, overlooking the
superior sagittal sinus (Fig. 2-2). After removal of the
bone flap, the inner edge of the craniotomy was
removed using fine Kerrison punches. Careful removal
of this inner bony edge significantly increased the angle
for intracranial visualization.
After durotomy in a semicircular fashion with the
base of the dural flap toward the superior sagittal sinus,
the superior frontal gyrus was carefully dissected from
the falx with preservation of a large frontal bridging vein.
Mobilization and retraction of the frontal lobe could be
performed gently according to the precise positioning of
the patient, and the self-retaining spatula could be left in
place to protect, rather than retract, the brain. On the
contrary, the falx was strongly retracted in the contralateral direction, allowing wide exposure of the corpus callosum with the pericallosal arteries. After drainage of
cerebrospinal fluid by opening the interhemispheric and
callosal cisterns, the deep-seated suprasellar region was
first observed. The chiasma opticum was exposed along
the rostrum corporis callosi and lamina terminalis, as

Surgery
After induction of endotracheal anesthesia, the patient
was placed in the supine position, with the head elevated
15 degrees to facilitate venous drainage. Thereafter,
the head was carefully anteroflexed, allowing ergonomic
dissection of the internal carotid artery along the restrum
of the corpus callosum.
After the essential anatomical orientation, the borders
of the frontal paramedian craniotomy were defined just
anterior to the coronar suture.
After disinfection of the skin without shaving, a straight,
longitudinal right paramedian skin incision was performed in one layer with the subcutaneous tissue and the
periosteum. To gain safe control on the superior sagittal
sinus, we performed two median burr holes just above the
sinus using a high-speed drill. After controlling the lateral
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was placed extradurally without compression of the
superior sagittal sinus. The bone flap was fixed with
one titanium Craniofix plate (Aesculap AG, Tuttlingen,
Germany). After final verification of hemostasis, the
periosteum, subcutaneous layer, and skin, respectively,
were closed with interrupted sutures.

Outcome
After 1-day observation in our neurosurgical intensive
care unit, the patient’s recovery was uneventful. The
clinical examination revealed no neurological symptoms, and the postoperative angiogram showed satisfactory clipping of both aneurysms (Fig. 2-1C).

Key Points
FIGURE 2–2 In the postoperative plain x-ray the limited
frontal craniotomy becomes evident (arrows). Note the shunt
device implanted 6 years before aneurysm surgery and the
position of the clips.

well as the opposite optic nerve and the internal carotid
artery (ICA). After dissection of the arachnoid membranes this contralateral left-sided ICA was carefully
investigated, and the neck of the laterally situated
aneurysm was visible. Within the narrow operating site,
the detailed pathoanatomical situation was precisely
visualized by introducing a rigid endoscope with a 0 degree viewing angle (Aesculap AG, Tuttlingen, Germany).
The extended viewing angle of the endoscope could be
used effectively to inspect hidden but important anatomical stuctures without applying additional retraction of
the frontal lobe and the eloquent suprasellar structures.
The aneurysm was distally located from the posterior
communicating artery (PCoA) at its origin from the ICA.
The neck was completely open, and the compact coils
within the aneurysm dome were clearly visible through
the thin aneurysmal wall. The aneurysm neck was
clipped using a fenestrated Sugita clip (No. 26 Mizuho
Ikahogyo Co. Ltd., Tokyo). After the clipping procedure, the clip position was endoscopically controlled,
and special attention was given to complete closure of
the neck, preserving the anterior choroidal and posterior communicating arteries without compression of the
optic chiasm. At this point, the aneurysm of the right
pericallosal artery was observed, and the neck could be
closed adequately with a Sugita straight-bladed ring clip
(No. 35). Position of the clip was controlled with use of
the endoscope.
After completion of the intracranial procedure, the
dural incision was closed watertight; a plate of Gelfoam

This case demonstrates the concept of individual, minimally invasive therapy of intracranial aneurysms. In 1996,
following interdisciplinary discussion between the neurosurgeon and neuroradiologist, interventional therapy was
chosen according to the patient’s clinical presentation
and the individual pathoanatomical situation. Six years
later, in a very different situation, the operative indication
was given. The precise preoperative planning of surgical
approach allowed successful therapy of both aneurysms,
even through a single, limited interhemispheric craniotomy (Fig. 2-3). The correct approach greatly reduced

FIGURE 2–3 Schematic drawing demonstrating placement
of the ipsilateral, pericallosal, and contralateral carotid
aneurysms. In choosing the interhemispheric approach, the
size of the craniotomy could be dramatically reduced with less
brain exposure and retraction, thereby allowing minimal surgical traumatization of eloquent neurovascular stuctures.
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the size of the craniotomy while lessening the need for
dural opening, brain exposure, and brain retraction.1
The advantages of the so-called key-hole microneurosurgery may contribute to improved postoperative results2;
however, limited craniotomies cause different shortcomings during the procedure.3 The most important disadvantage of the small, less invasive key-hole approaches is
the loss of intraoperative light and sight causing significantly reduced optical control during surgery. To bring
light into the surgical field and control deep-seated
microinstruments with an adequate magnification, the
optical properties of modern surgical microscopes can be
effectively supplemented by endoscopes, which offer
increased light intensity, clear depiction of details in closeup positions, and extended viewing angle during surgery.4,5
This case demonstrates a successful, minimally invasive
therapy for multiple aneurysms. After precise preoperative planning according to the individual pathoanatomical
situation, a limited interhemispheric approach was performed. The endoscopic image allowed precise visualization of the aneurysm topography, including the nervous
and vascular structures in the vicinity of the aneurysm.
The aneurysms could be completely closed using an

endoscope-assisted microsurgical technique without
excessive retraction of sensitive neurovascular structures.
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Comments
In this case, Perneczky and Reisch demonstrate minimally
invasive strategy in the treatment of multiple aneurysms.
They have performed a careful and thoughtful evaluation of their patient with two intracranial aneurysms of
the left internal carotid artery and the right pericallosal
artery. They subsequently clipped these aneurysms using
a frontal interhemispheric approach through a single
key-hole craniotomy exposure using endoscope-assisted
microsurgical techniques.
From a technical point, I differ with the authors on
the viewing angle of the endoscope. The main purpose
of using the endoscope is to observe the lateral portions
of the aneurysm to identify important structures such as
the perforating arteries or the concealed portion of the
aneurysm neck; therefore, for a long time, I have used a

70-degree side-viewing endoscope for assistance during
aneurysm clipping, with satisfactory results. I find it quite
interesting that the authors use an endoscope with a
0- degree viewing angle. Such a scope may only extend
the visual field when compared with that available with
direct microscopic view. Apart from this, the approach
described in this article is certainly a valuable alternative
to the traditional pterional craniotomy for the internal
carotid aneurysm in addition to the frontal interhemispheric approach for the pericallosal aneurysm.
The authors present an elegant and minimally invasive technique of treatment of a patient having multiple
aneurysms.
Mamoru Taneda
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Surgical Management of a Challenging
Giant Paraclinoid Aneurysm
BRIAN A. O’SHAUGHNESSY, CHRISTOPHER C. GETCH, AND H. HUNT BATJER

Diagnosis Giant paraclinoid carotid aneurysm
Problems and Tactics An otherwise healthy middle-aged woman presented with a symptomatic giant paraclinoid carotid aneurysm. Because of
the complex aneurysmal morphology and thick, broad-based neck, we utilized preoperative cerebrovascular reserve testing and ultimately prophylactic cerebral revascularization prior to microneurosurgical clip reconstruction.
Angiographic exclusion of the aneurysm from the intracranial circulation
was demonstrated intraoperatively; however, a postoperative angiogram,
obtained shortly thereafter, showed recanalization of the aneurysmal sac
through a tiny neck remnant, a finding that mandated reoperation. Because
blood had traversed into the subarachnoid space through the surgically
opened aneurysm following the initial attempt at thrombus decompression
and arterial reconstruction, the patient developed cerebral vasospasm. The
hyperdynamic therapy instituted to prevent clinically overt neurological ischemia resulted in two significant hemorrhagic complications, which required
additional operative intervention. Despite both the formidable vascular
lesion with which our patient initially presented as well as the significant problems encountered during her hospital course, she has recovered completely
and returned to her preoperative functional status.
Keywords Paraclinoid aneurysm, giant aneurysm, cerebral revascularization,
intraoperative angiography, balloon test occlusion

Clinical Presentation
A 49-year-old Asian woman with no significant medical
history other than mild, right-sided retroorbital pain was
found at an outside hospital to possess an incidentally
discovered and partially thrombosed giant aneurysm
arising from the paraclinoid segment of her right carotid artery on computed tomographic (CT) scan. In addition to the giant aneurysm, her preoperative cerebral
angiogram after right internal carotid artery injection
(Fig. 3-1A,B) demonstrated the following important

findings: isolated filling of the middle cerebral artery
(MCA) secondary to a severely hypoplastic or absent A1
segment of the anterior cerebral artery (ACA); absence
of a posterior communicating artery (PCoA); and a
small, tortuous efferent carotid artery emerging from
the aneurysm sac. The patient was transferred to Northwestern Memorial Hospital and admitted under the care
of Dr. Batjer for definitive treatment of her complex
cerebrovascular lesion.
Upon admission, the patient continued to complain
of right-sided retroorbital pain, but denied a history
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FIGURE 3–1 (A) Anteroposterior and (B) lateral cerebral
angiograms following right internal carotid artery injection
demonstrating the giant aneurysm arising from the paraclinoid

segment. (C) Preoperative magnetic resonance imaging of the
lesion. (D) Preoperative computed tomographic angiography of
the lesion demonstrating the complexity of the aneurysmal neck.

suggestive of prior subarachnoid hemorrhage. She was
alert and oriented in all dimensions, and her neurological
examination was normal. Formal ophthalmologic evaluation failed to reveal any visual field deficits. Both magnetic resonance imaging (Fig. 3-1C) and CT angiography

(Fig. 3-1D) were performed to better delineate the
anatomy of the aneurysm with respect to the cranial
base, the extent of intraaneurysmal calcification and
thrombosis, and the proximity of the lesion neighboring
vasculature. In view of the wide-based neck and the need
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for intracranial decompression, clip reconstruction was
considered the best therapeutic strategy.
Due to both the complexity of the lesion as well as the
hypoplastic efferent carotid, we knew that either a prolonged period of temporary occlusion or even intraoperative loss of the carotid was possible. As such, the patient
underwent preoperative neuroradiological assessment of
the cerebrovascular reserve. Just after a balloon was inflated in her right cervical internal carotid artery, she had
a very minimal left upper extremity drift in conjunction
with mild slowing and amplitude loss in the right anterior
midtemporal leads on electroencephalogram (EEG).
Both the clinical and the neurophysiological deficits were
transient and resolved in roughly 1 to 2 minutes. For the
remaining 20 minutes of normotensive balloon test occlusion (BTO), she was neuroclinically intact and the EEG
was unremarkable. When the patient was provoked with a
sustained 5-minute period of hypotensive challenge,
there were no signs of neurological impairment. We considered her to be on the threshold of cerebral ischemia
because she essentially tolerated the BTO neuroclinically
but had minor evidence of transient impairment. She
possessed an intracranial hemodynamic state that might,
or might not, withstand a prolonged period of temporary
occlusion, let alone intraoperative carotid loss. As such,
we decided to perform a prophylactic superficial temporal artery to middle cerebral artery (STA–MCA) bypass
prior to attempting clip reconstruction to augment cerebral blood flow to the right hemisphere.

Surgical Technique
After general endotracheal anesthesia was induced and
body cooling was initiated, the patient was placed in a
supine position with her head rotated 35 degrees contralaterally and stabilized in the Mayfield-Kees threepoint fixation system. Following shaving both the right
frontotemporal cranium and the anterolateral neck,
these regions were then prepped and draped in the
usual sterile fashion. After sharp tissue dissection
through the anterolateral neck, the carotid sheath was
widely opened, the common facial vein was doubly suture-ligated, and both the internal and external carotid
arteries were clearly identified as they originated from
the common carotid artery. A vessel loop was then
placed under a completely exposed internal carotid
artery to definitively establish cervical carotid control.
The operative focus was then turned to careful dissection of the STA, which was followed 10 cm distally as it
coursed superiorly from its location of initial identification at the level of the zygoma. A standard frontotemporal cranial flap was fashioned and aggressive resection of
both the sphenoid ridge and the temporal squama was
performed. A durotomy was performed in a semilunar
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fashion, exposing the underlying brain. The microscope
was then brought into the operative field and an appropriate recipient vessel of the MCA in the region of the
superficial sylvian fissure was identified for the extracranial–intracranial (EC–IC) bypass. After preparation of
both the recipient vessel and the STA, propofol-induced
burst-suppression was easily obtained. Two small temporary clips were placed on the cortical MCA branch and a
single temporary clip was applied to the STA proximal to
its division. After copious irrigation of the STA with heparinized saline and a linear arteriotomy in the recipient
vessel, an end-to-side anastamosis was performed with
interrupted 10–0 Prolene sutures. An excellent pulse was
appreciated in the bypass immediately after the temporary
clips were removed suggesting viability of the newly constructed supplementary vascular conduit (Fig. 3-2A,B).
Our attention turned to the basal cisterns after the
EC–IC bypass was completed. With a subfrontal retractor in place, the carotid cistern was opened and all that
was visible was aneurysmal tissue. The falciform ligament, which was generous in size, was opened, providing an avenue through which to visualize the proximal
intradural carotid artery. We then sharply dissected the
aneurysm off the dura of the anterior clinoid process to
which its sac tightly adhered. The greatly attenuated efferent carotid was clearly visible once the sac was mobilized superiorly off the clinoid. At this point, we unexpectedly encountered arterial bleeding from a small
rent in the carotid, which was inadvertently created as
we were working distally. With the patient cooled to
31°C and pharmacologically burst-suppressed, temporary trapping of the region containing both the aneurysmal segment and the carotid tear was performed by occluding the carotid artery in the neck as well as placing
two temporary clips distally. After easily decompressing
the aneurysm with retrograde suction through an
18-gauge angiocatheter introduced through the cervical
carotid as described by Batjer and Samson,1 the proximal neck of the aneurysm was partially occluded with a
straight bayoneted clip. Although this clip definitively
closed the deep part of the sac, the sac did indeed still
refill. Assuming differential wall thickness, we placed a
large fenestrated clip followed by another reinforcing
tandem bayoneted clip. We applied only one other small
curved clip to the proximal cuff of the lesion. The
aneurysm was deflated, no residual filling was identified,
and the reconstructed carotid conduit appeared to possess
a judicious lumen. With the aneurysm secured, we successfully placed two 8–0 Prolene sutures in the carotid artery
in interrupted fashion to repair the iatrogenic defect. At
this point, an intraoperative angiogram was obtained,
which showed beautiful flow though both the efferent carotid and the bypass graft, with complete exclusion of the
aneurysm from the intracranial circulation (Fig. 3-2).
After slowly obtaining hemostasis, the craniotomy was
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FIGURE 3–2 Intraoperative views demonstrating patency of the superficial temporal artery to middle cerebral artery (STA–MCA) bypass (A)
with and (B) without the temporary clips in place. (C) Intraoperative cerebral angiogram following right internal carotid artery injection during the
first operation demonstrating patency of the right carotid terminus with
filling of the middle cerebral artery branches and clip exclusion of the
aneurysm from the intracranial circulation.
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closed and the patient was transferred to the intensive
care unit in critical condition.

Outcome
The patient initially did well postoperatively. She awakened from surgery with a partial third nerve palsy and a
transient left pronator drift, the latter of which resolved
on the first postoperative day. On the third postoperative
day, however, serial neurological examinations revealed a
mild alteration in mental status. To this end, a CT scan
was obtained that showed enlargement of the aneurysm
as compared with the initial preoperative study. Further
investigation the following day with conventional angiography, to our surprise, revealed both recanalization of
the aneurysm through a small aneurysm remnant as well
as some narrowing of the M1 segment (Fig. 3-3A). At this
point, we considered endovascular coil thrombosis of the
tiny residual aneurysm neck, but because the sac had
been widely opened for thrombus decompression at the
time of the first procedure, we were concerned the coils
might simply pass into the subarachnoid space. As such,
we proceeded with a second craniotomy for repositioning of the aneurysm clips and definitive carotid artery
reconstruction. This procedure went well without any
complications.
Because some focal narrowing of the M1 segment
was visible on the postoperative angiogram, the patient
was followed with both serial neuroclinical evaluation
as well as transcranial Doppler (TCD) ultrasonography.
On the eighth day following the initial craniotomy,
a routine cerebral angiogram was obtained to evaluate
both the integrity of clip reconstruction as well as to
assess for possible angiographic vasospasm. This angiogram (Fig. 3-3B,C), as we expected, demonstrated
complete exclusion of the aneurysm from the intracranial circulation; however, there was severe M1 segment
stenosis and delayed transient time to the distal MCA
territory consistent with prominent angiographic vasospasm. In the face of rising TCDs and unequivocal
evidence of angiographic vasospasm, triple-H therapy
was initiated.
On the eleventh day following the initial operation,
the patient was found to have an acute right neck hematoma at the site of the anterolateral neck incision. In
spite of a lack of apparent respiratory compromise, the
patient was emergently intubated for airway protection.
The patient was immediately taken to the operating
room for the uneventful evacuation of the blood collection. Hemostasis was easily achieved and the cervical incision was closed in the usual fashion.
Only 4 days later, on the fifteenth postoperative day,
the patient was noted to develop mild, yet progressive,
confusion. A CT scan demonstrated subgaleal and
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submuscular hematomas that extended downward
significantly into the subdural space. She was initially followed by serial CT scans for the subsequent few days;
however, enlargement of the subdural hematoma occurred and eventually resulted in midline shift, a feature
that, in conjunction with her clinical status, suggested
that operative intervention was warranted. As such, she
was taken to the operating room for an uncomplicated
hematoma evacuation.
After sustaining these unfortunate complications, the
patient did well for the remainder of her hospital course.
Because of these two unforeseen hemorrhagic complications, a thorough hematological evaluation was obtained
to investigate the possibility of an underlying coagulopathy, the findings of which were unrevealing. She worked
closely with physical and occupational therapy and was
discharged to a nearby rehabilitation facility shortly
thereafter with her only neurological impairment being
a resolving partial third nerve palsy. The patient was recently seen in Dr. Batjer’s office at a follow-up appointment, 5 months postoperatively. To our great satisfaction, she is neurologically intact and functions in her
preoperative capacity without any residual impairment.

Key Points
Carotid aneurysms arising from the paraclinoid segment
have been well characterized from both an anatomical
and a surgical perspective.2–5 The case presented herein
was unusually challenging because of many factors, including the complexity of the aneurysm, the need for intraoperative microsuturing to repair an iatrogenic parent
artery tear, the inadequacy of intraoperative angiography
at demonstrating incomplete aneurysm exclusion, and finally, postoperative hematomas, which we presume to be
causally related to our use of triple-H therapy.
An important initial key point illustrated by this case
is that cerebrovascular reserve testing, the cornerstone
of which is the BTO, plays a highly valuable role in the
preoperative evaluation of all patients with complex
intracranial aneurysms. In addition to the standard battery of preoperative tests that all patients with intracranial aneurysms undergo, those with complex lesions
have their cerebrovascular reserve assessed because of
the likelihood of prolonged temporary occlusion and
the possibility of intraoperative parent artery sacrifice.
The morphological complexity of this aneurysm as well
as the presence of a hypoplastic efferent carotid emerging from the aneurysmal segment suggested that we
would require, at the very least, a prolonged period of
temporary occlusion to accomplish optimal clip reconstruction. In addition, there was the possibility that reconstruction would not be feasible and intraoperative
loss of the carotid with Hunterian proximal occlusion
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would be necessary. Preoperative assessment of cerebrovascular reserve, which demonstrated some transient
deficits during normotensive carotid occlusion, suggested that the patient was on the threshold of hypoperfusion ischemia. We therefore decided to provide
her with some additional arterial inflow with a low-flow
STA–MCA bypass, a conduit that proved adequate to
sustain cerebral blood flow demands during vascular
reconstruction.

B

FIGURE 3–3 (A) Postoperative cerebral angiogram following
right internal carotid artery injection obtained after the first operation demonstrating refilling of the aneurysmal neck. Although
there is smooth narrowing of the A1 and M1 segments, it is considerably diminished from the preoperative studies, suggesting
adequate thrombus decompression and the early stages of vasospasm. (B) Oblique and (C) lateral projections from a final
postoperative cerebral angiogram following right internal carotid artery injection demonstrating complete exclusion of the
aneurysm from the intracranial circulation. Of note, the M1 segment of the middle cerebral artery, best visualized on the
oblique projection, is severely stenotic with evidence of delayed
transit time into the middle cerebral artery territory, a finding
consistent with cerebral vasospasm.

A second important key point that should be appreciated from this case is that even though intraoperative
angiography is a valuable adjunctive tool in the surgical
management of complex intracranial aneurysms, it can
yield false negatives on rare occasions. In this case, it is
our assumption that a small amount of intraaneurysmal
thrombus was forced posteriorly by the clip closure and
must have temporarily obliterated a tiny remaining
aneurysm neck deep to the blades. The natural process

13830_C03.qxd

2/2/05

2:56 PM

Page 17

CASE 3  Surgical Management of a Giant Paraclinoid Aneurysm

of thrombolysis must have subsequently restored a channel of communication between the aneurysm remnant
and the intracranial circulation. As stated earlier, we
considered endovascular coiling of the tiny remaining
neck; however, since the sac had been widely opened for
thrombus decompression at the time of the first operation, we were concerned the coils might simply pass into
the subarachnoid space, making such a strategy futile.
Another interesting point that can be drawn from this
case is that preoperative recognition of a hypoplastic efferent carotid artery from an aneurysmal segment is critical because this vessel can be very easily injured or even
lost altogether. Such a parent artery configuration can
make exclusion of the aneurysm and preservation of a
reasonable efferent conduit extremely difficult, sometimes impossible. For this reason alone, the presence of
a hypoplastic efferent parent artery arising from an
aneurysmal segment should be a warning to the neurosurgeon of the small, but significant, chance of intraoperative iatrogenic parent artery loss. In our case, we
merely damaged the efferent carotid and were able to
rapidly and successfully repair the rent with the use of
microvascular suturing techniques.
A final key point to be taken away from this challenging case is that triple-H therapy, an integral technique
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in the management of cerebral vasospasm, is not entirely benign. Because our patient was not on antithrombotic pharmacotherapy and a coagulopathy
workup was unrevealing, we are left only to conclude
that the hematomas she had were, to a large extent,
due to the triple-H therapy we initiated in an effort to
combat her angiographic vasospasm. In spite of these
complications, there is no doubt that triple-H therapy
should be utilized in vasospasm; however, the neurosurgeon should be acutely aware of these potential hemorrhagic complications.
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Comments
The authors are to be congratulated on their careful
perioperative management of this patient harboring a
giant paraclinoid aneurysm.
By showing a rather challenging case, the authors
raised very important issues for treating complex vascular lesions: the role of balloon test occlusion, intraoperative angiography, and triple-H therapy for cerebral
vasospasm. Regarding the evaluation of cerebrovascular
reserve, there are no definite criteria established yet. For
the purpose of safety insurance, the authors wisely performed low-flow STA–MCA bypass to get some additional arterial inflow.

Although it is a rare occasion, as in the present case, we
should know the possibility of an aneurysm refilling, even
after confirming the obliteration of an aneurysm with the
intraoperative angiography as well as intraaneurysmal
blood evacuation. When an aneurysm is large and the
wall is sclerotic and thick, closure of the neck by only a
straight clip might ultimately be incomplete. In such a
case, as the authors did, combined use of straight and fenestrated clips is a recommendable way to stride over the
thick wall of the neck with a fenestrated clip.
Kazuhiro Hongo and Shigeaki Kobayashi
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Giant Aneurysm of the Subclinoidal
(Anterior Genu) ICA Treated with Aneurysm
Resection and Reconstruction of ICA
with Venous Patch
DAVID G. PIEPGRAS

Diagnosis Giant aneurysm of the subclinoidal ICA
Problems and Tactics This symptomatic giant aneurysm of the anterior
genu region of the left internal carotid artery (ICA) was directly approached
for direct repair or, if necessary, treatment with trapping and extracranial–
intracranial (EC–IC) bypass. In the course of exposure of the aneurysm
base, the aneurysm tore with broad disruption of the aneurysm neck. Temporary ICA trapping was performed, the aneurysm was resected off the parent artery, and the broad defect in the arterial wall was reconstructed with a
venous patch graft.
Keywords Giant cavernous ICA aneurysm, direct aneurysm repair, ICA
reconstruction

Clinical Presentation
A 62-year-old woman presented with a progressive
history over several months of left retroorbital pain,
diplopia, and facial numbness and paresthesias. Examination revealed complete left sixth nerve palsy and
partial third, fourth, and fifth (second division) nerve
involvement.

Preoperative Evaluation
Magnetic resonance imaging (MRI) scan and left carotid angiogram had confirmed a giant (3.5 cm diameter) aneurysm of the “cavernous internal carotid artery”
(Fig. 4-1). Before proceeding with treatment it was felt
advisable to perform trial balloon occlusion (TBO) study
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and endovascular exploration of the aneurysm neck
to define treatment strategies. Endovascular exploration
of the aneurysm with a balloon catheter showed a broad
aneurysm base off the lateral aspect of the ICA anterior
genu, involving the C3 and distal C4 segment of the
artery, which could not be occluded with a 10 mm
balloon. Temporary balloon occlusion of the ICA was
tolerated without symptoms. Baseline cerebral blood
flow (CBF) was measured at 35 mL per 100 g per minute;
with occlusion, the CBF dropped to 28 as measured
by Xe131 washout. Based on the CBF measurements
it was felt that the patient would be at increased risk
for acute or delayed stroke with carotid sacrifice, and
therefore planned treatment was exploration and clip
reconstruction of the aneurysm neck or, if not possible,
trapping of the aneurysm with collateral augmentation
using EC–IC bypass.
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FIGURE 4–1 (A) Anteroposterior and (B) lateral left carotid angiograms demonstrating a giant intracavernous internal carotid
artery aneurysm. Enhanced contrast at the anterior genu indicates the site of a broad aneurysm neck.

Surgical Procedure
Under general anesthesia, the patient’s skin was prepared for cranial and cervical incision, as well as for
saphenous vein harvesting if necessary. The left cervical
carotid bifurcation was exposed in the neck, and the ICA
was controlled with vascular tapes. A left pterion craniotomy was performed and extradural removal of the anterior clinoid process was begun. The clinoid was adherent to thinned layers of dura and aneurysm wall along
the upper aspect of the aneurysm base. In the course of
reflecting the dura and completing clinoidal resection, a
tear developed in the aneurysm base. Bleeding was controlled with cottonoid while resection of the clinoid and
optic strut was completed. The dura over the frontal and
temporal lobes was then opened and the sylvian fissure
split for exposure of the intradural ICA and the extradural cavernous aneurysm. The aneurysm was then
trapped with temporary clips on the cervical ICA, the
supraclinoid ICA, and ophthalmic arteries. The dural
rings were then opened above the aneurysm and dissection performed so as to expose the anterior genu of the
ICA and the proximal horizontal intracavernous segment after the original technique of Dolenc.1 This provided complete delineation of the aneurysm base. The
breadth of the aneurysm orifice and tear of the wall at
the aneurysm base precluded clip reconstruction; therefore the aneurysm base was incised around its circumference, leaving a broad defect in the lateral wall of the
internal carotid artery genu. A segment of saphenous vein

was harvested from the left lower extremity, opened, and
fashioned into a patch to cover the defect. The venous
patch was sutured in place with interrupted 8–0 monofilament nylon sutures (Fig. 4-2A-C). The ICA was flushed
in an antegrade and retrograde manner before placing
final sutures. Flow was restored after a temporary ICA
occlusion of 2.25 hours. Pulsatile flow was confirmed by
micro-Doppler, such that an intraoperative angiogram
was not felt to be necessary. The site of ICA reconstruction was overlaid with a piece of temporalis muscle.

Outcome
The patient showed increased third nerve paresis postoperatively, but no new deficits otherwise. Postoperative
angiogram (Fig. 4-3) confirmed excellent repair and
flow through the ICA. The cranial neuropathies recovered slowly but satisfactorily.

Key Points
We share the opinion of other neurosurgeons that TBO
studies are highly valuable in planning management
strategies for giant aneurysms of the ICA.2,3 Furthermore, we share the opinion that for symptomatic intracavernous ICA aneurysms that require treatment,
preservation of the ICA is desirable, but not often possible, because of the tendency of these aneurysms to have
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FIGURE 4–2 Operative diagrams showing a transsylvian
view of the left intradural internal carotid artery (ICA) and
extradural intracavernous ICA aneurysm and the steps of
repair. (A) A temporary clip has been placed on the ICA in
its intradural segment (also, ophthalmic artery and cervical
ICA temporal occlusion was performed to achieve aneurysm
trapping). The dura has been reflected over the dome of the
aneurysm to expose the third, and clinoid nerves and fourth
division as well as the first division of the trigeminal nerve. The

broad orifice into the aneurysm along the lateral aspect of
the anterior genu of the ICA is indicated with dotted lines. (B)
The base of the aneurysm has been circumferentially incised
away from the lateral wall of the internal carotid artery at its C3
and distal C4 segments. The saphenous vein patch is being
sutured in place with microsuture technique. (C) The repair of
the defect in the lateral wall of the ICA at its C3–4 segment is
completed and flow is restored.

poorly defined necks. In addition, direct repair carries
significant risk for aggravation of cranial nerve palsies
and, in some patients, may not be an alternative due to
associated medical risks. In such cases, proximal ICA
occlusion or trapping constitutes good therapy for
these aneurysms provided there is adequate collateral
circulation.4 TBO study is quite reliable in assessing collateral flow but CBF measurements provide a valuable
adjunct. If adequate collateral flow cannot be assured
or is found to be very poor, augmentation with appropriate bypass is indicated using either STA–MCA anastomosis or, if necessary, a high flow graft with interposition vein or radial artery.2,3

In our more limited experience and in the extensive
experience of Dolenc,5 large and giant aneurysms of the
anterior genu of the internal carotid artery are often
amenable to neck reconstruction with aneurysm clips,
provided full exposure of the aneurysm neck is achieved
through wide opening of the dural rings and dissection
of the distal intracavernous ICA segments. In this case
the combination of a friable thin aneurysm wall predisposed to disruption at the aneurysm neck, which precluded repair with clipping or simple suture of the ICA.
Wall reconstruction with venous patch graft proved an
excellent solution that has subsequently been applied in
other cases of similar aneurysms.
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FIGURE 4–3 (A) Postoperative anteroposterior and (B) lateral left carotid angiograms demonstrating elimination of the
aneurysm and excellent flow through the reconstructed left internal carotid artery.
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Comments
This is an excellent result with a large and difficult
lesion. Surgeons presented with the dilemma of a giant
proximal carotid aneurysm associated with impaired collaterals as demonstrated by temporary balloon occlusion
(TBO) must decide whether to attempt to reconstruct
the neck with clips after dissection of the intracavernous
portion of the artery as described by Dolenc (J Neurosurg
1983;58:824–831) or to perform an EC–IC bypass utilizing either an STA–MCA or high-flow venous or arterial
conduit. Patients who “pass” the TBO clinically but are
found to have impaired perfusion on a subsequent single
photon emission computed tomography or xenon
washout CBF study may be managed with an MCA–STA
anastomosis (Barrow, Neurosurgery 1994;35:92–97) This
patient probably fits into this category of impaired collaterals as demonstrated by TBO. Patients who develop an
immediate neurological deficit with TBO probably need
to be managed with a high-flow arterial or venous conduit. It generally takes more than an hour to construct
such a conduit, and the decision about whether to place
a bypass prior to dealing with the aneurysm primarily is a

very significant one. High-flow bypasses can be complicated by significant problems, including thrombosis of
the distal anastomosis or the entire graft, which may lead
to significant neurological deficits in and of themselves.
The decision to use a graft such as this is therefore a serious one and needs to be made very deliberately.
In this case, the author was able to obtain an excellent
result by primarily repairing the arterial wall of the intracavernous carotid artery at the anterior genu of the
artery with a saphenous vein patch. A primary repair of
the artery in this situation is almost never possible and
the tension of the arteriotomy with a primary repair may
cause significant stenosis. A vein patch technique such
as was used in this case would almost always be necessary
in such a situation.
These lesions can be extremely challenging no matter
how they are managed, and the author has provided us
with an excellent documentation of one of the alternative modes of therapy.
Ralph G. Dacey
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Giant Intracavernous Aneurysm and
Carotid Ophthalmic Aneurysm
HIDEYUKI OHNISHI

Diagnosis Giant intracavernous aneurysm and carotid ophthalmic aneurysm
Problems and Tactics A giant intracavernous aneurysm and a carotid
ophthalmic aneurysm were found at the left internal carotid artery (ICA) in a
man complaining of left retroorbital pain and oculomotor nerve palsy.
Despite the difficulties in direct neck clipping, a direct surgical approach was
chosen because of no guarantee of future subarachnoid hemorrhage and in
order to decompress the oculomotor nerve.
Keywords Cavernous sinus, intracavernous aneurysm, carotid ophthalmic
aneurysm, neck clipping

Clinical Presentation
A 55-year-old man had complained of left retroorbital
pain and left oculomotor nerve palsy. A carotid angiography showed a giant intracavernous aneurysm and a carotid ophthalmic aneurysm in the left ICA (Fig. 5-1A,B).

Surgical Technique
The patient was placed in the supine position. The head
was elevated 20 degrees and rotated to the contralateral side 20 degrees. The left cervical carotid artery
was exposed for possible temporary occlusion as well as
for intraoperative angiography. A left frontotemporal
craniotomy was performed. After opening the dura, the
subdural approach was performed. The carotid ophthalmic aneurysm and the giant intracavernous
aneurysm were not seen initially. Then the combined
epidural and subdural approach2,5,6 was employed. The
anterior clinoid process was drilled out extradurally
and the optic canal unroofed. After removal of the
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clinoid process, it became possible to see the distal neck
of the carotid ophthalmic aneurysm. The optic sheath
was opened over the optic nerve and was cut just distally
to the ophthalmic artery. The left oculomotor nerve was
compressed by the giant aneurysm so the nerve was
decompressed from the entrance point to the lateral
surface of the cavernous sinus to the superior orbital
fissure. The dural ring was opened to expose the C3 segment of the ICA. Packing with pieces of Oxycel® controlled bleeding from the cavernous sinus. The small
carotid ophthalmic aneurysm was clipped first and the
giant intracavernous aneurysm was trapped between the
cervical ICA and the supraclinoid ICA under hypothermia barbiturate brain protection and systemic heparinization. Because the giant aneurysm was located at the lateral surface of the C3 segment of the ICA, Yasargil
curved-bladed clips were applied at the neck of the giant
aneurysm from the C3 segment to the C4 segment parallel to the ICA (Fig. 5-2). The second curved-bladed clip
was applied to reinforce closing pressure. The giant
aneurysm was successfully clipped. Intraoperative carotid
angiography showed complete neck clipping without
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A

FIGURE 5–1 Preoperative left carotid angiography. (A)
Anteroposterior and (B) lateral view showing a giant intracavernous aneurysm and small carotid ophthalmic aneurysm.
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B

The neck of the giant aneurysm is located at the lateral
surface of the C3 segment of the ICA and is not broad and
calcified.

FIGURE 5–2 Schematic drawing showing the anatomical relationships of the internal carotid artery, two aneurysms, and optic and oculomotor nerves. The oculomotor nerves have been
exposed by cutting the lateral surface of the cavernous sinus to
decompress the nerve. The three arrowheads indicate the distal dural ring. An, giant intracavernous aneurysm; an, carotid
ophthalmic aneurysm; II and III, optic and oculomotor nerve;
C3, C3 segment of the internal carotid artery.
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A

B

FIGURE 5–3 Postoperative left carotid angiography. (A) Anteroposterior and (B) lateral view showing sufficient neck clippings.

occlusion of the ICA. Systemic heparinization was
reversed and barbiturate infusion had stopped. During
occlusion of the ICA burst and suppression on electroencephalogram (EEG) were maintained. Sensory
evoked potential (SEP), auditory brain-stem response
(ABR), and cranial motor nerve monitoring3 detected
no abnormality. Body temperature had recovered.

Outcome
The postoperative course was uneventful. The oculomotor nerve palsy recovered completely in a month. The
postoperative angiography showed satisfactory clipping
of two aneurysms (Fig. 5-3A,B).

Discussion
Surgical management of intracavernous aneurysms, especially in giant aneurysms, is extremely difficult.2,5,6 This
procedure is generally approached by proximal ligation
or trapping of the ICA combined with an extracranial–
intracranial (EC–IC) bypass.4 In some symptomatic cases

presenting with oculomotor, abuducens nerve palsies
and visual disturbances, direct neck clipping is the best
management protocol even though the intercavernous
aneurysm is giant. In this case, carotid ophthalmic
aneurysm was combined with intercavernous giant
aneurysm. The ophthalmic aneurysm may bleed and
cause subarachnoid hemorrhage. From my surgical experience with paraclinoid aneurysms, opening of the distal dural ring is essential technique to achieve the good
results.5,6 Although it is essential to know the local microsurgical anatomy and to master technical skills of paraclinoid aneurysm surgery, aneurysms at the C3 segment of
the ICA can be clipped directly if the neck of the
aneurysm is not broad and calcified and not located at
the C4 or C5 segment of the ICA. Aneurysms even in the
cavernous sinus can be clippable without cranial nerve
damage or massive bleeding from the cavernous sinus.
Trapping of the ICA combined with suction and decompression techniques is especially useful. Intraoperative
angiography is very helpful to confirm patency of the
parent artery and complete occlusion of the neck of the
aneurysm. Cranial nerve injury and cerebral ischemia
are feared complications. Because of the juxtaposition
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of the optic nerve to the aneurysm, protection of the optic nerve and reservation of the ophthalmic artery must
remain superior concerns to avoid visual complications.
It is also important to prevent cerebral ischemia. A mild
hypothermia, mannitol, and barbiturate brain protection are very important to prevent hemodynamic complications, and systemic heparinization is also essential to
protect embolic cerebral ischemia.

REFERENCES
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Comments
Dr. Ohnishi describes excellent surgical techniques for
neck clipping of an ICA cavernous aneurysm, with prompt
recovery from the oculomotor paresis. Enormous surgical
experience is necessary in clipping surgery of juxtadural
ring ICA aneurysms to achieve satisfactory surgical results,
as the author mentions; however, the author does not
mention postoperative ICA stenosis in the C3 segment. We
are afraid of the posttraumatic ICA dissection. Follow-up

angiography is needed to know the interval change of the
angiographic configuration. If a surgeon does not have
enough experience with juxtadural ring aneurysms, proximal ligation or trapping of the ICA with or without bypass
is recommended, although temporary worsening of the
oculomotor paresis will be encountered.
Yuichiro Tanaka
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6
Giant Internal Carotid Artery-Superior
Hypophyseal Artery Aneurysm
DANIEL L. BARROW

Diagnosis Giant ICA–SHA aneurysm
Problems and Tactics This patient presented with a severe subarachnoid hemorrhage from a giant internal carotid artery (ICA) aneurysm arising
at the origin of the superior hypophyseal artery (SHA).1 We believed surgical treatment would require prolonged temporary occlusion of the parent
artery or parent vessel sacrifice if the aneurysm proved to be unclippable.
The patient had inadequate collateral circulation to the ipsilateral hemisphere as determined by a balloon test occlusion. The surgical strategy we
selected included the creation of a right external carotid artery (ECA) to middle cerebral artery (MCA) radial artery bypass graft to augment collateral
circulation during anticipated prolonged temporary carotid occlusion or permanent occlusion of the carotid artery, if necessary.
Keywords Superior hypophyseal artery aneurysm, giant aneurysm,
extracranial–intracranial bypass graft, anterior clinoid process, dural rings,
radial artery

Clinical Presentation

Surgical Procedure

This 53-year-old woman experienced the sudden onset
of severe headache and obtundation. She was transferred to Emory University Hospital in a Hunt and Hess
Grade IV and underwent placement of a right frontal
ventriculostomy with some improvement in her clinical
condition (Fig. 6-1). Angiography demonstrated a 25
by 28 mm right ICA aneurysm arising at the origin of
the SHA (Fig. 6-2). We anticipated that surgical treatment would require prolonged temporary occlusion or
perhaps permanent carotid sacrifice because of the complexity of the aneurysm; therefore, we delayed surgical
treatment until the patient had improved clinically.
During a balloon test occlusion, the patient became
confused and hemiplegic on the left within 30 seconds
of balloon inflation.

The patient was placed in the supine position with the
head turned 20 degrees to the left. The right cervical
carotid bifurcation was exposed and a right frontotemporal (pterional) craniotomy was created. The right
radial artery was exposed from the antecubital fossa to
the wrist and small side branches were ligated with 3–0
silk sutures and divided. Once the graft was completely
dissected out, it was kept in situ and attention was redirected to the cranial wound. The sylvian fissure was
opened widely, exposing the entire MCA, carotid bifurcation, and proximal ICA. The giant aneurysm was
exposed, but the anterior clinoid process and dural
rings obscured the proximal portion of the aneurysm.
The radial artery was harvested and distended forcibly
with heparinized saline to prevent vasospasm. The distal
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FIGURE 6–1 Noncontrast computed tomography demonstrating subarachnoid blood in both the sylvian fissure and the
interhemispheric fissure and early evidence of hydrocephalus.

end of the graft was fish-mouthed and brought into the
cranial wound where a suitable M2 recipient vessel was
identified. The patient’s body temperature had been
allowed to drop to 33 C, a barbiturate infusion was
begun, and the patient was heparinized. Temporary clips
were placed on either side of the planned anastomosis
site on the MCA and an arteriotomy was created with an
ophthalmic knife. Using an 8–0 monofilament suture,
each end of the radial artery was sutured to the MCA and
the long arms were used to complete the anastomosis in
a running fashion. Prior to removing the temporary
clips, the graft was filled with heparinized saline and a
temporary clip was placed on the proximal end of the
radial artery. Upon removing the temporary clips from
the MCA, the graft pulsated spontaneously. The radial
artery graft was tunneled from the cranial to the cervical
wound superficial to the zygomatic arch using a chest
tube. An end-to-side anastomosis of the graft to the ECA
was selected to minimize ICA occlusion time. Temporary
clips were placed on the ECA just distal to the carotid
bifurcation, and an arteriotomy was created. A small ellipse
was excised with microscissors. The proximal end of the
radial artery graft was anastomosed to the ECA in an endto-side fashion using interrupted 6–0 prolene sutures.
Attention was redirected to the cranial wound. Selfretaining retractors were used to maintain exposure of
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the giant aneurysm. The dura over the anterior clinoid
process was opened with a No. 11 knife blade and the
anterior clinoid process and optic canal were completely
removed to expose the clinoidal segment of the carotid
and the extradural portion of the optic nerve. The optic
nerve was markedly distorted at the falciform ligament
and draped over the giant aneurysm. The distal dural
ring was opened sharply, along with the falciform ligament to free the optic nerve and clinoidal segment of the
carotid. This exposed the proximal aspect of the neck of
the aneurysm and the origin of the ophthalmic artery.
The aneurysm was quite large and adherent to all surrounding structures. In its fully inflated state, it could not
be clipped. A temporary clip was placed on the cervical
ICA and another intracranially just distal to the aneurysm.
The cervical ICA was then cannulated with an intravenous catheter attached to tubing and the aneurysm was
suction-decompressed. In its collapsed state, the final
stages of dissection were completed and multiple fenestrated clips were used to reconstruct the lumen of the ICA
and obliterate the neck of the aneurysm. The temporary
clips were removed following clip reconstruction and the
carotid artery appeared to pulsate nicely. Intraoperative
angiography demonstrated excellent filling of the bypass
graft and ICA. Although the vast majority of the aneurysm
was occluded, there was a small remnant of very proximal
aneurysm continuing to fill. Using intraoperative angiography as a guide, the clip array was reconfigured until the
aneurysm was completely obliterated and the parent
artery reconstructed satisfactorily. During these attempts,
two intraoperative angiograms demonstrated occlusion of
the ICA but excellent filling through the bypass graft,
protecting the brain from ischemia (Fig. 6-3).

Postoperative Course and Outcome
The patient awoke from surgery with no new neurological
deficits. Several days following her surgical procedure,
she developed a right hemiparesis, which proved to be
due to cerebral vasospasm in the contralateral hemisphere. This was treated with balloon angioplasty. At the
time of her discharge from the hospital, the patient had a
mild right hemiparesis, which was improving, but no
ischemic lesions in the operated hemisphere. Follow-up
angiography documented complete obliteration of the
aneurysm and excellent filling through the ICA. The
radial artery bypass graft remained patent as well.

Consideration of Endovascular Therapy
In consultation with our interventional neuroradiologists,
we determined that the angioarchitecture of the aneurysm
precluded a reasonable endovascular option for managing
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FIGURE 6–2 (A) Anteroposterior, (B) lateral, and (C) oblique
right carotid angiogram reveals a giant proximal internal carotid
aneurysm arising at the origin of the superior hypophyseal artery.
The patient also has a small bilobed aneurysm on the cavernous
segment of the carotid (A, arrow). (D) and (E) Three-dimensional
rotational angiographic views to further illustrate the complex
angioarchitecture of the aneurysm.
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A

C

this lesion and maintaining patency of the ICA. Threedimensional rotational angiography was quite useful in
this analysis.

Balloon Test Occlusion
Although controversy exists over the indications for and
utility of balloon test occlusion, we have found this test
to be extremely useful in understanding therapeutic
options for selected patients and planning treatment.
High complication rates have been reported by some for
balloon test occlusion, and it is well recognized that the
test is associated with both false-positive and false-negative
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B

FIGURE 6–3 Intraoperative angiographic series. (A) Oblique
intraoperative angiogram demonstrates occlusion of the internal
carotid artery due to the clip reconstruction of the aneurysm.
The radial artery–middle cerebral artery bypass fills the entire
circulation, protecting the brain from ischemia while reconfiguring the clips. (B) and (C) Final intraoperative angiogram documents complete obliteration of the aneurysm, patency of the
internal carotid artery, and patency of the radial artery graft. The
small bilobed intracavernous aneurysm is still seen (arrow).

results.2 In our own experience, the test has been associated with very little risk and has been useful in stratifying
patients into low, moderate, or high risk of cerebral
ischemia in the event of prolonged temporary or permanent occlusion of the ICA. We perform the test with
patients awake and inflate a nondetachable balloon
catheter within the ICA for 30 minutes, during which
time the patients are clinically evaluated for any evidence
of ischemic symptoms or signs. If the patients do not
tolerate the clinical portion of the test, they are at high
risk of cerebral ischemia in the event of carotid occlusion.
For those who pass the clinical test, a single photon
emission computed tomogram (SPECT) is performed to
identify areas of asymmetry in cerebral blood flow.
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Those patients who have significant asymmetry in cerebral
blood flow are deemed to be at moderate risk of cerebral
ischemia and those in whom there are no perfusion
defects are determined to be at low risk. This particular
patient demonstrated significant ischemic symptoms
within seconds of balloon inflation.

Timing of Surgery
The anticipated need for prolonged temporary or possible
permanent occlusion of the ICA influenced our decision
on the timing of surgery. Although we adhere to a policy
of early aneurysm obliteration following subarachnoid
hemorrhage in the vast majority of our patients, any
potential advantage of early surgery may be eliminated
by performing a complex operation with anticipated
prolonged temporary occlusion at a time when the patient
is at high risk of cerebral vasospasm and is suffering
from impaired autoregulation. This patient was transferred
to our institution several days after the subarachnoid
hemorrhage, after the period of highest risk of recurrent
hemorrhage had passed. She was then at risk of cerebral
vasospasm and we believed an improvement in her clinical
condition would allow us to perform a balloon test
occlusion to assist in determining the adequacy of her
collateral circulation. Surgical treatment was therefore
delayed until the patient had improved clinically, had
passed the period of highest risk of cerebral vasospasm,
and would be able to cooperate during the clinical
portion of the balloon test occlusion.

Protection from Intraoperative or
Postoperative Ischemia
In planning an operative approach to this aneurysm,
our primary concern was protecting the patient from
intraoperative cerebral ischemia in the event of prolonged temporary occlusion or parent vessel sacrifice if
the aneurysm proved to be unclippable. Several strategies
can be utilized in this situation. If the patient has
adequate collateral circulation, the aneurysm can be
approached directly with an attempt at clip reconstruction and resorting to parent vessel sacrifice if this proves
to be unachievable. If collateral circulation is marginal
or inadequate, one may choose to explore the aneurysm
to determine its clippability, having made preparations
to perform a bypass to augment collateral circulation in
the event the aneurysm proves to be unclippable. The
danger of this strategy is the risk of ischemia in the event
that attempts at reconstruction of the aneurysm occlude
the parent vessel. One must then hurriedly create a
bypass. Although tolerance to temporary occlusion can be
significantly prolonged through the use of barbiturates

and hypothermia, in this patient with extremely poor
collateral circulation, a safer and more conservative
approach was to create the high-flow bypass initially in
preparation for the likelihood of prolonged temporary
occlusion or trapping of the aneurysm.
Several options are available for augmenting collateral
circulation. This patient had an adequate superficial
temporal artery to serve as a donor vessel. We did not
believe this low-flow bypass, however, would provide
adequate circulation in the event the ICA could not be
reconstructed. We have utilized both saphenous vein
and radial artery bypass conduits in this situation. The
advantages of the radial artery include ease of access for
harvesting, better match in size to the recipient MCA,
and closer match of arterial-to-arterial tissue at the site
of anastomosis.3 Disadvantages of the radial artery
include the risk of forearm and hand ischemia and the
propensity of the radial artery for vasospasm. Assessment
of collateral circulation of the arm through the ulnar
artery will prevent forearm ischemic complications.
Proper preparation of the radial artery through forcible
distention with heparinized saline will minimize the risk
of vasospasm.3 The proximal anastomosis of a high-flow
bypass graft may be created with the internal, external,
or common carotid artery. If we plan to sacrifice the ICA,
we most commonly choose this as the site for proximal
anastomosis. In this particular case, our strategy was to
make every effort to maintain patency through the parent
vessel; therefore, the ECA was chosen as a site for proximal
anastomosis.

Aneurysm Exposure
In addition to its giant size, the proximity of the
aneurysm to the anterior clinoid process and dural rings
presented additional obstacles. The surgeon must anticipate the need to remove completely the anterior clinoid
process, unroof the optic nerve, and open the dural
ring and falciform ligament to adequately expose the
aneurysm.4–6

Intraoperative Aneurysm Deflation
Once this aneurysm was adequately exposed, it had to
be deflated prior to clip reconstruction. Attempts to clip
giant proximal carotid aneurysms in their fully inflated
state often result in slippage of the clips onto the parent
vessel with compromise of the lumen. In some instances,
temporary occlusion alone will soften the aneurysm to
the point that clip reconstruction can be accomplished.
The contents of the sac more often must be evacuated
for giant aneurysms. This can be accomplished by directly
puncturing the aneurysm after temporary occlusion, or
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by utilizing suction-decompression from the cervical
ICA. Suction-decompression from the cervical region
eliminates the need for obtrusive implements within the
surgical field.

Clip Selection
Clip selection for reconstruction of proximal ICA
aneurysms is critical. Those aneurysms arising at the
origin of the SHA have a neck on the ventral and medial
side of the carotid; therefore, the parent vessel is
between the surgeon and the aneurysm neck. Proper
reconstruction requires the use of multiple fenestrated
clips utilizing the fenestrations to reconstruct the lumen
of the ICA with the clip blades obliterating the neck.4
This aneurysm had a neck of 9 mm in length and required
the use of multiple clips to progressively obliterate the
wide neck.

Intraoperative Angiography
We have found intraoperative angiography to be extremely
useful in providing intraoperative documentation that
we have achieved our goals of complete aneurysm obliteration and maintenance of patency of the parent vessel.
We have published our results of a prospective study in
which we utilized intraoperative angiography in 530 consecutive aneurysms.7 We found intraoperative angiography to be useful in all aneurysm locations, leading to
revisions in 12.4% of cases. The highest incidence of
intraoperative angiography changing our surgical procedure occurred in aneurysms on the proximal ICA,
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where intraoperative angiography altered an operation
in 13.5% of ophthalmic aneurysms and 40% of SHA
aneurysms.7

Key Points
This patient and her aneurysm presented several challenges in decision making, including consideration of
endovascular therapy, preoperative assessment of collateral
circulation, timing of surgery, intraoperative protection
from ischemia, adequate exposure of the aneurysm,
aneurysm deflation, and clip selection.
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Comments
This case presents the problem and tactics in the management of the giant internal carotid–superior hypophyseal aneurysm. The authors have used a radial
artery bypass graft between the ECA and M2 segment of
the MCA before tackling the aneruysm itself, which they
perform under hypothermia. The author has attempted
to explain the rationale for selecting the modality of
bypass; however, it is not clear why he preferred a highflow radial artery graft rather than a low-flow STA–MCA
bypass, particularly when the procedure was to be
performed as a temporary procedure during the arterial
reconstruction. In some institutes in Japan a temporary

crossover radial artery graft to the MCA for a giant ICA
aneurysm has been used and then subsequently disconnected after the surgery on the aneurysm. The author
could have explained the difficulties he encountered during the dissection of the aneurysm itself due to adhesions,
the anterior clinoid process, or a variety of other reasons.
The author could also have provided the operative views
of the procedure, such as the exposed aneurysm, relation to the anterior clinoid process, distal ICA and its
branches, cranial nerves, and anatomy of the dural rings.
Kimitoshi Sano
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An Internal Carotid Artery Giant Aneurysm
Presenting Regrowth after Neck Clipping
SHUNRO ENDO, HIDEO HAMADA, AND YUTAKA HIRASHIMA

Diagnosis ICA giant aneurysm regrowth
Problems and Tactics A case of giant aneurysm of the internal carotid artery
inferior wall presenting regrowth after intial neck clipping was presented.
Clinical problems and surgical tactics were retrospectively reviewed.
Keywords Giant aneurysm, internal carotid artery inferior wall, clipping,
regrowth

Clinical Presentation

Surgical Procedures and Outcome

This 19-year-old, previously healthy woman had experienced a sudden and severe headache and was
referred to our department. Computed tomographic
(CT) scan did not show the finding of subarachnoid
hemorrhage (SAH), but carotid angiograms did reveal
two cerebral aneurysms at the intracranial (C1 portion)
and cavernous portion of the right internal carotid artery
(ICA) (Fig. 7-1). The size of the intracranial
aneurysm was 20 mm in diameter and the aneurysm
at the cavernous portion was 8 mm. No neurological
deficits or other pathological neuroradiological findings were observed. On angiographic examinations,
both the anterior choroidal artery and the posterior
communicating artery (PCoA) were found, although
the detailed information related to the neck of
aneurysm. Filling of the anterior cerebral artery was
poor and sufficient cross-flow was not confirmed.
Surgical treatment of the intracranial aneurysm was
planed, and initially coil embolization was applied;.
however, coil-embolization was unsuccessful because
of the wide neck of the large aneurysm, and surgical
clipping was performed.

First Operation
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For the first operation (Fig. 7-2) the patient was placed
in the supine position. The right cervical carotid artery
was exposed for possible temporary occlusion and for
intraoperative angiography. A right frontotemporal
craniotomy was performed. After durotomy, the sylvian
fissure was widely dissected exposing the ICA aneurysm
and surrounding vascular structures. A large semifusiform aneurysm was found protruding ventrally of
the ICA, located between the origin of the PCoA and
near to the ICA bifurcation. The PCoA appeared to originate from the proximal side of the aneurysm body, not
from the carotid artery, and the diameter was thicker
than speculated on preoperative angiography. At the
distal site, the boundary of the neck and body of
the aneurysm was clearly visible. The PCoA had eight
perforators divided from the origin, and five perforators
originating from the carotid bifurcation were identified,
but branches divided from the carotid artery, including
the anterior choroidal artery, were not observed between
the distal site of the aneurysm and the carotid bifurcation.
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FIGURE 7–1 Right carotid angiograms before (upper) and after (lower) the first operation, showing aneurysms of the C1
segment and cavernous portion of the internal carotid artery.
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Intracranial giant aneurysm was clipped. (Left) Anteroposterior view. (Right) Lateral view.
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FIGURE 7–2 Intraoperative view of the internal carotid artery aneurysm
before and after clipping procedure. Two fenestrated clips and an added
straight one as shown in the schema were applied. The proximal site of
the aneurysm (asterisks) was not occluded completely at the origin of the
posterior communicating artery. ICA, internal carotid artery; MCA, middle
cerebral artery; ACA, anterior cerebral artery.

Aneurysm clipping was done by using two ring Sugita
clips (Mizuho, Tokyo) under intention to construct the
parent artery and preserve the PCoA. After temporary
occlusion of the proximal carotid artery, a first obliqueangled clip was inserted from the distal side of the carotid
bifurcation to the aneurysm body parallel to the carotid
artery. Origin of the middle cerebral artery (MCA) and
divided perforators were preserved through the ring. The
distal two thirds of the body were obliterated. The second
right-angled ring clip was applied to the proximal residual

body. As a result of these procedures, a small residual
aneurysm body remained at both the proximal and the
distal sites. The third clip, straight and without a ring,
was placed on the distal residual portion from the distal
side of the carotid bifurcation, sparing the perforators
from the carotid bifurcation. At the proximal side,
however, clip application sparing the PCoA was not
accomplished, and surgical procedures were concluded
without complete obliteration of the aneurysm body.
Intraoperative Doppler investigation revealed sufficient
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FIGURE 7–3 Followed right carotid angiograms. (Upper left)
Anteroposterior view. (Upper right) Lateral view. (Lower left)
Vertebral angiogram showing regrowth of the giant aneurysm.
Retrograde feeding of the aneurysm via the posterior communi-
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cating artery was revealed. (Lower right) Postoperative angiograms of the second operation showing obliteration of the
aneurysm and sufficient flow through the radial artery bypass.
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blood flow of the internal carotid artery and the PCoA,
and an apparent residue of aneurysm was not observed
in the intraoperative angiography.

Postoperative Course
The postoperative course was uneventful. The patient
graduated from her university and got a job; however,
follow-up angiography performed 2 years later showed
regrowth of the aneurysm, although no neurological
symptoms or headache were present (Fig. 7-3). The
aneurysm was 30 mm in diameter, and the distal ICA
and origin of the MCA were involved in the aneurysm
on angiography. Filling of the PCoA was clear and filling
of the aneurysm through the PCoA was also observed.
The right A1 portion was unclear and both A2 portions
of the anterior cerebral artery (ACA) were filled from
the left side. Enlargement of the cavernous portion
aneurysm was not observed. The second direct surgery
combined with high-flow extra-intracranial bypass was
intended.

Second Operation
The radial artery bypass from the origin of the cervical
external carotid artery to the temporal M2 branch of the
MCA was initially prepared. The aneurysm was enlarged
at the proximal portion of the internal carotid artery
around the origin of the posterior communicating
artery and occupied the space of the carotid cistern.
Initial clips were moved distally and sufficient preparation and removal of the clips were considered to be so
hazard because of thick adhesion and involving in the
wall structures. Judging from the operative view, the
cause of the enlargement of the aneurysm was speculated to be insufficient occlusion of the proximal ICA,
especially the preservation of blood flow through
the PCoA. After occlusion of the cervical internal carotid artery, blood flow in the aneurysm was not
decreased and the strong back flow through the PCoA
was expected. We abandoned preparation and clipping
procedures of the aneurysm, and trapping of the feeding artery aneurysm was selected. The proximal ICA,
including the division of the PCoA and origin of the
MCA at the distal site of the aneurysm, was double
clipped. Blood flow of the M1 portion was comfirmed by
the Doppler flow meter.
A temporary left hemiparesis and a small infarct
lesion at the caudate nucleus were observed postoperatively, but the patient returned to her previous job
without neurological deficits 2 months after surgery.
In follow-up angiography, sufficient patency of the bypass and filling of the MCAs have been identified
(Fig. 7-3).

Key Points
This case was a relatively rare giant aneurysm of the ICA
inferior wall, classified by Yasargil.1 In this kind of
fusiform and large aneurysm of the ICA, the following key
points are important for successful clipping procedures.2
An aneurysm usually has a thick wall, and the blade of the
ring clips must be placed much farther on the dome side
so as to reconstruct the parent artery with a slightly larger
outer diameter than that of the normal portion.3 The posterior communicating artery and the anterior choroidal
artery divide very near to or directly from the aneurysm
body. Clipping procedures to preserve these arteries must
be selected in each condition.4 The blood pressure load
to an aneurysm should be strongest at the proximal side,
and management for complete obliteration of the proximal body must be considered to prevent regrowth of
aneurysm during subsequent periods.2–4
In the first operation of this case, insufficient occlusion of the aneurysm wall at the proximal side was
strongly suspected after aneurysm clipping, but this fact
was allowed because the rest of the aneurysm body was
not apparent in the intraoperative angiography. I suspect that this induced regrowth of the aneurysm and
would reconsider the surgical strategy of this case.
The key was too much adherence to preserve the
PCoA and the resultant insufficient proximal obliteration of the fusiform aneurysm. Preliminary application
of a straight-ring clip to this lesion was recommended by
Sugita,5 although this clipping was not done for fear of
occluding the PCoA. If this procedure had been selected, the result may have been different. In addition,
the risk due to the PCoA occlusion may be less in comparison with the anterior choroidal artery. Actually,
feeding of the PCoA was angiographically poor and retrograde feeding to the aneurysm was identified in this
case. This case keenly suggested that the most important
point of aneurysm clip of the fusiform ICA aneurysm is a
complete obliteration of the proximal body, and preoperative careful evaluation of the flow pattern of the PCoA.
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Comments
The authors present an interesting case with a giant
aneurysm of the ICA with a concomitant ipsilateral
intracavernous aneurysm. The intracavernous aneurysm
was small and asymptomatic, so the giant aneurysm was
treated by surgery because it was the lesion that had
apparently caused subarachnoid hemorrhage.
When operating on such an ICA giant aneurysm,
we usually prepare the neck carotid artery for possible
temporary occlusion and intraoperative angiogram as
the authors did.
We should carefully evaluate the details of the giant
aneurysm preoperatively and make a surgical plan
accordingly. It is my belief, however, that we should exercise intraoperative judgment on the safe side in perusing the planned surgical procedures. In that sense the
authors made a wise intraoperative judgment when they
stopped short of using another clip to reconstruct the
posterior communicating artery at the proximal side of
the aneurysm, even though they knew that regrowth of
the aneurysm seemed to have started from this portion.
That kind of final trial may more often than not likely
end up in causing occlusion of the PCoA or its perforating arteries. Reconstructive clipping should better be
made as the first step of multiple clipping as stated by
Sugita et al.

In my experience, ICA giant aneurysms are likely to involve the origin of the PCoA but rarely involve the anterior choroidal artery. The anterior choroidal artery(ies)
should be preserved by all means. When utilizing multiple
clipping, the distal neck of the aneurysm is best occluded by
a non-ring clip to preserve the anterior choroidal artery because sparing fine arteries with the jaw portion of a ring
clip is very difficult. Intraoperative angiography is useful
when clipping a giant aneurysm, although patency of perforating arteries is difficult to confirm.
At the second operation, after radial arterial bypass,
trapping of the aneurysm was performed with clips at
the proximal and distal ICA, including the origins of the
PCoA and MCA. Although there was a small infarct in
the caudate nucleus, probably due to occlusion of one
of the lenticulostriate arteries, the patient recovered
well. It was fortunate for the patient that first there was
abundant retrograde collateral circulation and second
the anterior choroidal artery may have been gradually
occluded in the course of regrowth of the aneurysm.
It is interesting to follow the change of the size of the
intracavernous ICA aneurysm following the trapping
procedure (occlusion of the intracranial ICA).
Shigeaki Kobayashi
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Emergency Recanalization of the Inferior
M2 Trunk by Arteriotomy and Retrieval of
Migrated Guglielmi Detachable Coil, and
Clipping of Superior Wall Aneurysm of
Proximal Internal Carotid Artery
KYU CHANG LEE

Diagnosis Superior wall aneurysm of proximal internal carotid artery
Problems and Tactics A patient underwent a Guglielmi detachable coil
(GDC) treatment for a small, unruptured aneurysm of the proximal internal
carotid artery (ICA). A few hours after the endovascular treatment, the
patient developed hemiplegia and aphasia due to migration of the coils
causing an occlusion of the M1 segment. An endovascular attempt to retrieve the malpositioned coils failed, resulting in tangling and distal migration
of coils into the inferior M2 trunk. The patient underwent emergency surgical
recanalization of the inferior M2 trunk by an arteriotomy, with removal of
migrated coils, followed by clipping of the unruptured aneurysm.
Keywords Internal carotid aneurysm, complication, Guglielmi detachable
coil, arteriotomy

Clinical Presentation
A 44-year-old man complained of a dull headache. A carotid angiogram showed an unruptured superior wall
aneurysm (6 mm) of the proximal ICA on his left side
(Fig. 8-1A). The patient requested and underwent intraaneurysmal GDC treatment (Fig. 8-1B). One and a
half hours after the procedure, he suddenly developed
right hemiplegia and aphasia. An emergency carotid angiogram showed recurrent filling of the aneurysm and
migration of the coils causing an occlusion of the left M1
segment. The neurointerventionist attempted to retrieve the coils using a snare catheter but without
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success, which resulted in tangling and further distal migration of coils into the inferior M2 trunk (Fig. 8–1C).
Emergency surgery was necessary to recanalize the
occluded vessel and restore the cerebral blood flow.

Surgical Technique
The patient was placed in the supine position, with his
head fixed in a three-pin clamp. A standard pterional
craniotomy was fashioned on the left side to expose a
wide angle to allow for the clip-applying forceps and
other microsurgical instruments. As the patient was
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FIGURE 8–1 Left carotid angiograms showing (A) a superior wall
aneurysm of the proximal internal carotid artery, (B) Guglielmi
detachable coil (GDC) in the aneurysm, and (C) migrated GDC
occluding the inferior M2 trunk.

heparinized during and after the endovascular procedure, the incised margin of the dura was everted and
pulled over a sponge with traction stitches to minimize
epidural bleeding and to prevent blood from dripping
into the field. A slack brain allowed for wide opening of
the sylvian fissure to expose the left middle cerebral
artery and the ICA.
Tangled coils were seen through the arterial wall of
the distal inferior M2 trunk, extending into the proximal
M3 branch (Fig. 8-2A). The distal inferior M2 trunk
was pale and showed no pulsation. A temporary clip was
placed on the proximal inferior M2 trunk. The coils
could be removed easily through a small arteriotomy
made on the distal inferior M2 trunk. The incised artery

was sutured using an 8–0 monofilament. Because the
microvascular Doppler flow measurement revealed a decreased flow velocity of the inferior M2 trunk, 20,000 IU
of urokinase was infused through the inferior M2 trunk
using a 30-gauge needle. After the thrombolysis, adequate flow velocity of the artery was resumed. Papaverine solution was introduced around the M2 segments
and their major branches to relieve possible vasospasm
caused by manipulation. From the development of neurological deficits to the restoration of circulation took
around 5 hours.
The superior wall aneurysm of the left proximal ICA
was exposed distal to the anterior clinoid process. Incising the falciform ligament, medial to the left optic
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FIGURE 8–2 Operative photograms showing (A) a tangled
Guglielmi detachable coil (GDC) in the left inferior M2 trunk,
extending into the M3 branch, (B) a superior wall aneurysm of
the left proximal internal carotid artery, exposed distally to the
anterior clinoid process, and (C) the aneurysm clipped using
the wrapping-with-clip procedure.

nerve, exposed the proximal neck of the lobulated
aneurysm (Fig. 8-2B). The neck of the aneurysm was
thin-walled and broad based so it was necessary to use a
piece of cellulose fabric to perform the wrapping-withclip procedure. Parallel to the ICA, a bent clip was
placed on the cellulose fabric encircling the ICA and the
aneurysm, while both ends of the fabric were held
together with forceps (Fig. 8-2C). An additional minicurved clip was placed on the proximal neck to complete the aneurysm neck occlusion.

Outcome
An immediate postoperative carotid angiography
showed complete removal of the migrated coils, com-

plete recanalization of the left inferior M2 trunk, and
obliteration of the aneurysm (Fig. 8-3). Fortunately, the
patient became neurologically intact postoperatively.

Key Points
Despite modern advances in endovascular techniques, intraaneurysmal GDC treatment can still be associated with
serious complications, such as parent artery occlusion by
coil migration. Once the parent artery is occluded with a
migrated coil, the coil must be removed quickly to prevent cerebral infarction; however, it is not always possible
to retrieve migrated coils using a snare catheter. Thus,
neurosurgeons should always be ready to deal with such
complications.1 Surgical retrieval of a migrated coil by
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an intraoperative thrombolysis would be a very useful procedure for restoration of circulation.
As for clipping of a proximal ICA aneurysm, exposure
of the ICA in the paraclinoid segment or in the neck or
the placement of a balloon catheter in the ICA may be
required for use in the temporary arrest of focal circulation. Opening of the falciform ligament, however, could
expose the neck of a small, unruptured aneurysm.
Furthermore, temporary clipping would have been
deleterious in this patient, who had sustained recent
ischemic insults.
For clipping of a thin-walled and broad-based superior wall aneurysm of the proximal ICA, the wrappingwith-clip procedure would be very useful in preventing
injury to the neck of the aneurysm and slipping of the
clip.2 The clip is placed parallel to the ICA to avoid “dog
ear” remnants, or stenosis, of the ICA.
FIGURE 8–3 A postoperative left carotid angiogram showing the patent inferior M2 trunk and obliterated aneurysm.

arteriotomy has proved to be straightforward, as is shown
by this case. After the removal of coils, the patency of the
vessel has to be assured with a microvascular Doppler
probe. If there is any evidence of inadequate blood flow,

REFERENCES
1. Lee KC. The role of neurosurgeons in the era of endovascular
treatment of cerebral aneurysms. Neurol Med Chir (Tokyo)
2002;42:242–243
2. Lee KC. Commentary to “Nakano S, Iseda T, Yoneyama T, Ikeda T,
Goya T, Wakisaka S. A combination of wrapping and clipping using a collagen-impregnated Dacron fabric (Hemashield).” Surg
Neurol 2000;53:330–333

Comments
The author has presented an excellent case where the migrated GDC was retrieved by a direct surgical exploration.
The treatment of a paraclinoid aneurysm is still controversial, but a combined surgical and endovascular treatment has been reported to have a good outcome.1 The
decision whether to use direct surgery or an endovascular
treatment should be made by a joint consultation between
both surgical and endovascular specialists after reviews of
diagnostic studies and analysis of the overall medical and
neurological condition of the patient.
Our neurovascular team would choose surgical clipping for the C2 ICA aneurysm with upward projection.
We would choose this strategy for up to medium-sized
aneurysms because (1) direct visualization of the vascular anatomy is possible if the surgeon is skilled with the
manegment of surrounding structures, such as the optic
nerve, falciform ligament, and anterior clinoid process;

(2) as the author mentions, most of these aneurysms
are often thin walled and broad based; and (3) stabilization of the microcatheter is relatively difficult after the
bent of the carotid siphon; however, we would prefer
endovascular embolization for C2 ICA aneurysms having a downward projection.
The GDC migration in this case seems to be due to
rough packing during the initial endovascular procedure.
Toshio Higashi and Izumi Nagata

REFERENCES TO COMMENTS
1. Hoh BL, Carter BS, Budzik RF, Putman CM, Ogilvy CS. Results
after surgical and vascular treatment of paraclinoid aneurysms
by a combined neurovascular team. Neurosurgery 2001;48:
78–89
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Large Aneurysm of the Internal Carotid
Artery Obliterated with Seven Fenestrated
Clips under Intraoperative Monitoring
of Anterior Choroidal Arterial
Blood Flow Insufficiency
KYOUICHI SUZUKI, TATSUYA SASAKI, AND NAMIO KODAMA

Diagnosis Large internal carotid artery–posterior communicating artery
junction aneurysm
Problems and Tactics It is often difficult to ascertain the patency of the
anterior choroidal artery (AChA) during the clipping of large internal carotid
artery (ICA) aneurysms. Some patients suffered from AChA syndrome even
though intraoperative Doppler ultrasonography indicated preservation of the
AChA blood flow. We successfully obliterated a large ICA aneurysm under
intraoperative monitoring of the motor evoked potential (MEP), which can
detect AChA blood flow insufficiency. It was impossible to obliterate the wide
neck of the aneurysm with an angled fenestrated clip. That is why we chose
several straight fenestrated clips to obliterate the body of the aneurysm.
Keywords Aneurysm surgery, anterior choroidal artery, multiple clipping,
intraoperative monitoring, motor evoked potentials

Clinical Presentation
This 66-year-old man experienced sudden headache. A
computed tomographic (CT) scan revealed a massive subarachnoid hemorrhage. Three-dimensional CT angiography (3D-CTA) showed a large (15 mm in diameter) left ICA
aneurysm (Fig. 9-1A-C) and he underwent acute surgery.

Monitoring Technique
Intraoperative MEP monitoring was performed to
evaluate AChA blood flow insufficiency.1 Anesthesia
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was induced with a bolus injection of propofol and
fentanyl, followed by the continuous infusion of
propofol and the additional injection of fentanyl every
60 minutes. Before tracheal intubation, the patient
received a bolus injection of vecuronium bromide
(0.1 mg/kg) followed by drip-infusion (0.07–0.15
mg/kg/hr) to maintain a stable level of neuromuscular blockade. To monitor muscle relaxation, we
observed the compound muscle action potentials
(M wave) of the abductor pollicis muscles or acceleration of thumb movement upon electrostimulation of
the ulnar nerve. The amplitude of the M wave was
measured before vecuronium bromide administration
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C

D,E

FIGURE 9–1 Preoperative three-dimensional computed
tomographic angiograms showed a large left IC–PC
aneurysm. (A) Superior view. (B) Lateral view. (C) Medial

view. (D,E) Postoperative angiograms showed patency of
the anterior choroidal artery and satisfactory clipping of the
aneurysm.

and maintained at a stable 15 to 25% of the control
value during the operation. Before standard frontotemporal craniotomy, the hand motor cortex (70 mm
lateral away from the midline on the central sulcus
line) was mapped and the exact point was marked on

the skin. A grid electrode with 16 electrodes, especially
designed for this study (Unique Medical, Tokyo), was
then inserted into the subdural space to facilitate electrical stimulation of the hand motor cortex. This procedure did not require extension of the craniotomy.

A

B

C

FIGURE 9–2 Schematic drawing of the multistep clipping of the aneurysm. (A) Four fenestrated clips were applied. (B) After the
fifth clip was applied, the amplitude of MEP decreased. (C) An angled fenestrated clip and two short straight clips were placed.
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FIGURE 9–3 Intraoperative motor-evoked potential (MEP)
findings. The aneurysm was clipped using seven fenestrated
clips. The amplitude of MEP decreased 30 seconds after

placing the fifth clip and recovered to the control level within
40 seconds of removing it. Then the clip was reapplied and the
MEP amplitude remained at the control level until dural closure.
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The electrode providing the largest MEP amplitude
was chosen for stimulation. To determine the threshold level, the stimulation intensity was increased in a
stepwise manner beginning at 5 mA. Intraoperatively,
the motor cortex was stimulated at 2 mA above the
threshold level. The cathode was placed on the Fpz
(frontal pole zero). A monopolar anodal electrical
stimulus with five pulses was applied. The frequency of
the train pulse was 500 Hz, the duration of each single
pulse was 200 µsec. Compound muscle action potentials were recorded from the contralateral thenar muscles with a pair of subcutaneous stainless steel needle
electrodes. Filter settings were at 20 Hz and 3 kHz.

Surgical Technique
With the patient in the supine position, the left side of
the neck was sterilized and exposed in the operative
field for compression of the neck carotid artery. Left
frontotemporal craniotomy was performed. After opening the dura mater, a grid electrode was inserted subdurally on the hand motor cortex from the edge of the
craniotomy. When it was necessary to check the AChA
blood flow, the hand motor cortex was stimulated. Then
the sylvian fissure was opened. A large aneurysm was
exposed, arising from the left carotid artery. Lateral
retraction of the aneurysm revealed that the posterior
communicating artery (PCoA) was stuck on the surface
of the medial wall. Oxycellulose was inserted between
the wall and the PCoA to obtain the space for insertion
of the clip blade.2 The AChA was dissected from the distal neck of the aneurysm. We first tried to obliterate the
aneurysmal neck with an angled fenestrated clip, but it
was impossible to apply the curved fenestrated clip because we could not get the operative field wide enough
for applying the curved fenestrated clip. We therefore
decided to obliterate the body of the aneurysm using
multiple straight fenestrated clips beyond the ICA. The
neck carotid artery was compressed intermittently to
reduce the tension in the aneurysm during each clipping.
First, a long fenestrated clip was placed on the center of
the aneurysmal body perpendicularly to the carotid
artery (Fig. 9-2A). The medial blade of the clip was
inserted to the space between the aneurysmal dome and
the PCoA where the oxycellulose was put (Fig. 9-2A).
Three more fenestrated clips of the same size as the second, third, and fourth clips were then applied on the
proximal portion of the body parallel to the first clip
(Fig. 9-2A). These three clips also encompassed the
PCoA (Fig. 9-2A). A fifth fenestrated clip of the same
size was then applied at the distal portion of the body
parallel to the first clip (Fig. 9-2B). As shown in Fig. 9–3,
the amplitude of MEP decreased ~30 seconds after
placement of the fifth clip. When it was removed,

45

the MEP recovered to the control level within 40 seconds. An angled fenestrated clip was then applied as the
fifth one at the distal portion of the body; it also encompassed the M1 portion of the middle cerebral artery
(Fig. 9-2C). Two more short straight clips as the sixth
and seventh were placed to reduce the residual body of
the aneurysm (Fig. 9-2C). The amplitude of the MEP
was maintained at the control level until dural closure
(Fig. 9-3).

Outcome
The postoperative course was uneventful. A CT scan
revealed no newly developed low-density area and
angiograms demonstrated patency of the AChA and
satisfactory clipping of the aneurysm (Fig. 9-1D-E).
The patient was discharged without neurological
deficit.

Key Points
Intraoperative monitoring of MEP elicited by electrical
stimulation of the hand motor cortex was very helpful
to detect AChA blood flow insufficiency during
aneurysm surgery. There is currently no reliable
method for checking the blood flow insufficiency of
the AChA. This study is based conceptually on the
knowledge that the internal capsule region is irrigated
by the blood flow of the AChA. When the blood flow to
this territory decreases or ceases, pyramidal tract function may be affected. It is possible to detect AChA
blood flow insufficiency by checking pyramidal tract
function by MEP.
We were able to obliterate the body of a large ICA
aneurysm by using multiple, primarily straight, fenestrated clips and suggest that this is a good option for
large ICA aneurysms. Optimally, the neck should be
clipped, thus preserving the patency of the ICA and its
branches; however, it is often difficult to apply the clip
because of the narrow operative field. As the next best
alternative, we chose obliteration of the aneurysmal
body with making the ICA plasty using multiple straight
fenestrated clips.
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Comments
This case presentation nicely demonstrates the use of
MEP in detecting ischemia in the territory of the anterior
choroidal artery. As the authors discuss, it is sometimes
difficult to determine with confidence that there is adequate filling of the aneurysms. The rapid decrease in
amplitude of the MEP after placement of the fifth fenestrated clip immediately alerted the surgeons so that the
ischemic insult was short lived and completely reversible.
In my own practice, I almost routinely use intraoperative angiography and intraoperative microvascular
Doppler to determine patency of the parent vessel and
surrounding branches. I do not have any personal experience in the use of MEPs. Based upon the case presented by Dr. Suzuki and his colleagues, intraoperative
MEPs may be of great value in selected cases to reduce
further the risk of an intraoperative misadventure.
This case also illustrates the necessity of intraoperative creativity and adaptability. These characteristics are
essential for success in any surgical field, but particu-

larly in vascular neurosurgery. The neurosurgeon
approaches an intracranial aneurysm with a therapeutic
plan to eliminate the aneurysm from the circulation
and maintain blood flow through the parent vessel and
its branches. The excellent neurosurgeon must be willing to temper that plan with good judgment based
upon what is identified intraoperatively. In this case, the
initial plan for clip reconstruction proved unsuitable
and the surgeons adapted by creating a clever reconstruction that maintained patency of the parent vessel
and its branches with complete obliteration of the
aneurysm.
With the advent of alternatives for the treatment of
selected intracranial aneurysms, the bar has been raised
for aneurysm surgery. Optimal outcomes will only be
achieved if we utilize available adjuncts to lower the morbidity of the operative procedure as much as possible.
Daniel L. Barrow
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Giant Anterior Communicating Artery
Aneurysm Complicated by Visual
Deterioration after Coiling
SERGEY SPEKTOR AND FELIX UMANSKY

Diagnosis Giant ACoA aneurysm
Problems and Tactics A giant anterior communicating artery (ACoA)
aneurysm was found in a 52-year-old woman who was evaluated for rapid
visual deterioration. Embolization with Guglielmi detachable coils (GDC) was
proposed as the first treatment option. Subtotal obliteration of the aneurysms
with coils (19 GDCs) was achieved, but the vision did not improve. Visual
function deteriorated to near complete blindness in one eye and severe
amblyopia in the other. Craniotomy, with evacuation of the intraaneurysmal
clot and coils along with clipping of the aneurysm was performed. This
resulted in dramatic and complete recovery of the patient’s vision.
Keywords Anterior communicating artery giant aneurysm, Guglielmi
detachable coils, aneurysm clipping, optic nerve

Clinical Presentation
A 52-year-old woman, previously healthy, presented with
a gradual onset of headaches of increasing severity. Two
weeks later she noticed visual deterioration in her left
eye. Magnetic resonance imaging was performed revealing a large, round suprasellar lesion, suspicious for a
giant aneurysm. The lesion distorted and compressed
the optic nerves. Cerebral angiography was performed
revealing a giant aneurysm of the anterior communicating complex. On detailed examination, the aneurysm
had a broad neck, originating from the distal part of the
A1 segment of the left anterior cerebral artery (ACA),
the entire anterior communicating artery (ACoA), and
from the junction of the two arteries (Fig. 10-1).
Endovascular embolization of the aneurysm was performed. All in all, 19 Guglielmi detachable coils (GDCs)
were implanted, filling almost the entire aneurysm

except for a portion adjacent to the neck and the ACA
complex (Fig. 10-2).
After embolization, there was some relief of the headaches. Despite near complete obliteration of the aneurysm,
the patient’s vision continued to deteriorate. Two weeks
after embolization, she only had light perception in her
left eye and finger counting in the right eye. The patient
was transferred to our hospital.

Surgical Technique
The patient was operated via a bifrontal craniotomy.
The frontal lobes were elevated, the arachnoid dissected, and the olfactory tracts preserved. A giant clotted aneurysm came into view. It distorted and elevated
the chiasm, spreading apart both optic nerves, severely
compressing them against the A1 segments of the ACAs.
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A

C

The aneurysm originated from the anterior cerebral
artery/anterior communicating artery complex. The
A1 segments and the ACoA were also partially involved
in the aneurysmal wall (Fig. 10-3A). The aneurysm’s
most proximal part was still patent with turbulent flow
visible through the thin wall at high magnification.
Meticulous dissection of the arteries was performed.
First, the proximal parts of the A1 segments were separated from the aneurysmal wall. On the right side, the
recurrent artery of Heubner was also adherent to the
aneurysm, and this was separated and elevated first, enabling access to the right A1 segment. Dissection of the
A1 in a distal direction was then continued to expose
the aneurysmal neck. It was somewhat difficult to perform the dissection on a tense aneurysmal wall. Temporary clips were applied to both A1 segments and the
dome of the aneurysm was incised. A large clot with
tightly packed GDCs was removed (Fig. 10-3B). There
was almost no retrograde bleeding, which indicated

B

FIGURE 10–1 (A) Cerebral magnetic resonance T1-weighted
image, coronal cut, shows a giant suprasellar aneurysm,
stretching both optic nerves (arrowheads). (B) Preoperative left
carotid angiogram demonstrates a broad-necked giant aneurysm,
filling from the initial segment of the left anterior cerebral artery.
(C) Preoperative right carotid angiogram shows filling of both A2
segments through the right A1 segment and anterior communicating artery.

poor collateral flow. To restore the blood flow into the
distal part of the ACAs, one of the A1 segments together with the ACoA was opened as soon as possible.
The aneurysmal wall was teased from the right A1 with
gentle dissection in a proximal to distal direction
finally releasing the entire segment. In the same fashion, the major part of the ACoA was then released.
A large straight clip was applied across the body of the
aneurysm as close to the neck as possible. The temporary
clip was removed from the right A1, restoring blood
flow into both distal ACAs (the left one was now filling
from the right through the ACoA). The duration of
temporary clipping was 7 minutes. An attempt to remove
the clip from the left A1 caused bleeding from the
aneurysm, so it was left in place. It became obvious that
the neck was wide and fusiform in shape. We did not
succeed in molding it for clipping in a way that could
maintain the patency of the entire “H” complex. Considering the excellent filling of the left A2 from the
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FIGURE 10–2 Left carotid angiogram after coiling of the giant
aneurysm. Nineteen coils fill almost the entire aneurysm except
for a small residual part of the neck originating from the left
anterior cerebral artery/anterior communicating artery junction.
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right A1 through the ACoA as seen on angiogram
(Fig. 10-1C), we decided to entrap the aneurysm, preserving the patent ACoA and its junction with the left
ACA (A2). Finally, a curved clip was placed beneath the
junction of the ACoA and the left ACA. The major concern at this point was to keep the left artery of Heubner
patent. To achieve this purpose, the clip was placed
very low, and it obliterated the distal part of the left A1
segment only partially. Attempts to place it closer to
the junction caused strangulation of the arteries and so
these attempts were abandoned. The remaining portion of the neck was obliterated with another long
straight clip. The final positioning of the clips is demonstrated in Fig. 10-3C. The distal segment of the left
A1, the origin of the aneurysm, was entrapped between
the clips. Both A2 segments of the ACAs filled from the
right A1 and ACoA, and both arteries of Heubner remained patent. Doppler confirmed good flow in all
these arteries. The duration of intradural procedure
was 3 hours.

A

C

B

FIGURE 10–3 (A) Bifrontal craniotomy has been performed, preserving both olfactory tracts (black arrowheads). The left optic
nerve is compressed by a huge thrombotic aneurysm against the
A1 segment of the left anterior cerebral artery (white arrow). The
entire “H” complex of the anterior cerebral arteries is involved in
the aneurysmal wall. (B) A conglomerate of 19 coils and thrombus
has been removed from the aneurysm. (C) The origin of the
aneurysm has been entrapped between three clips. The left one
obliterates the left A1 proximal to the aneurysm, the right one separates the aneurysm from the ACoA/A2 junction, and the middle
one is a straight strong clip reinforcing the entry into the
aneurysm. The right A1, ACoA, both A2, and both recurrent arteries
of Heubner are patent. LHA, left recurrent artery of Heubner; RHA,
right recurrent artery of Heubner; ACoA, anterior communicating
artery.
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Outcome
The patient’s postoperative course was uneventful. The
patient’s headaches resolved. The day after surgery she
noticed improvement of her vision in both eyes. Two
months after surgery she had almost normal vision, her
olfactory function was preserved, and she returned to
regular daily activity.

Key Points
Giant aneurysms with compression of the visual pathways are a difficult treatment problem. Coils fill the
aneurysm and prevent clot contraction, so aneurysmal
compression of the nerves continues. Although some
authors report satisfactory results as far as improvement
of the cranial neuropathies after coiling of giant
aneurysms,1–3 cases of aggravation of the mass effect and
visual deterioration have also been reported.4,5 Our patient became nearly blind shortly after coiling, necessitating decompression of the optic nerves.
The following considerations were thought to be very
useful:
1. A bifrontal craniotomy provided bilateral access
to the entire “H” complex of the ACAs and both
optic nerves. Through a pterional craniotomy,
both the optic nerve and ICA and ACA of the
opposite side would be obscured by a hard giant
aneurysm
2. Minimal manipulation of the optic nerves, which
have been already damaged by aneurysmal compression. The clot with impacted coils was evacuated
through the thin part of the fundus, thus decompressing the nerves without touching them in a
manner similar to surgery for pituitary adenomas.

3.

4.

5.
6.

The optic nerves demonstrated a surprisingly good
potential for recovery.
The most difficult and problematic part of surgery
was placement of the clip beneath the left
ACA/ACoA junction to sustain blood flow in both
the A2 and the right A1 and ACoA. As soon as it was
decided to entrap the aneurysm, it was of critical
importance to sustain flow into the left distal ACA
(A2). This was possible only after decompression of
the aneurysm and placement of a clip on the walls
of the sac near its neck.
Duration of the temporary clipping should be short
(although there are reports of a 20-minute threshold
for temporary clipping of the ACA, we felt much
safer in keeping the time of temporary clipping as
short as possible (7 minutes).
When placing clips, the patency of the Heubner
artery should be preserved.
Bifrontal craniotomy may be performed without
sacrifice of the olfactory tracts and with preservation
of olfactory function.

REFERENCES
1. Halbach VV, Higashida RT, Dowd CF, et al. The efficacy of endosaccular aneurysm occlusion in alleviating neurological deficits
produced by mass effect. J Neurosurg 1994;80:659–666
2. Vargas ME, Kupersmith MJ, Setton A, Nelson K, Berenstein A.
Endovascular treatment of giant aneurysm which cause visual loss.
Ophthalmology 1994;101:1091–1098
3. Malisch TW, Guglielmi G, Vinuela F, et al. Unrupture aneurysms
presenting with mass effect symptoms: response to endovascular
treatment with Guglielmi detachable coils, I: symptoms of cranial
nerve dysfunction. J Neurosurg 1998;89:956–961
4. Litofsky NS, Vinuela F, Gianotta SL. Progressive visual loss after
electrothrombosis treatment of a giant intracranial aneurysm:
case report. Neurosurgery 1994;34:548–551
5. Thoronton J, Divey Z, Alazzaz A, et al. Surgery following endovascular coiling of intracranial aneurysms. Surg Neurol 2000;54:352–360

Comments
A giant ACoA was detected in a 53-year-old woman
who had a sudden onset of visual deterioration and
headache.
The aneurysm was treated with 19 GDCs, which filled almost the entire aneurysm except for a portion adjacent to
the neck and ACoA complex. Two weeks after this treatment, visual function deteriorated suddenly and she
became almost completely blind in her left eye and had severe amblyopia in her right eye. She was then transferred
to another hospital where the authors were working.
There is no precise record concerning the timing of
the second operation, but it is presumed that the
authors treated this case as an emergency. It is obvious

that the authors performed the procedure with a high
degree of technical skill. They saved the olfactory nerves
and also preserved the blood flow in the normal arteries
and perforators around the ACoA complex. The most
important part of the surgical technique was that the
authors paid a lot of attention to avoid manipulation of
the optic nerves.
Doppler confirmation of the blood flow is popular,
but it is not always foolproof because the blood flow
sometimes disappears by the way of time sequence after
clipping. It is impossible to measure the amount of
blood flow only by the Doppler sound. It would have
been better if they had applied somatosensory evoked
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potential (SSEP) monitoring for this case to confirm the
changes in the blood flow in the ACA.
It is obvious that the authors have performed a
successful operation, but a postoperative angiography
could have helped the readers to confirm the outcome.
Emobilization by GDCs is now widely accepted, but to me
this case was not the right indication for embolization.
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The most important part of this presentation is the
author’s attitude, concepts, and methodology of surgery.
We have to attempt to teach the next generation of
neurosurgeons such qualities.

Namio Kodama
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11
Giant Fusiform Aneurysm of the
Middle Cerebral Artery
DOUGLAS J. FOX JR., COLIN P. DERDEYN, AND RALPH G. DACEY JR.

Diagnosis Giant fusiform aneurysm of middle cerebral artery
Problems and Tactics A middle cerebral artery (MCA) aneurysm previously
clipped after subarachnoid hemorrhage was found to have recurred with
fusiform dilation of the M1 segment in a neurologically asymptomatic patient.
We first treated the lesion surgically with flow reversal using extracranialintracranial (EC-IC) bypass from the external carotid to the M2 segment inferior
division and clipping of the internal carotid distal to the ophthalmic segment.
The patient presented after a syncopal episode with continued growth of the
aneurysm. We elected to treat him endovascularly with trapping of the proximal
aspect of the M1 aneurysm with endovascular coils after balloon test occlusion.
On follow-up, the M1 segment has thrombosed without clinical sequelae.
Keywords Fusiform aneurysm, EC-IC bypass, endovascular coiling, middle
cerebral artery

Clinical Presentation
This 31-year-old male service technician was awoken from
sleep with a severe headache in 1994. He was found to have
a giant middle cerebral aneurysm and underwent clipping
at an outside hospital, resulting in minor left monoparesis,
which resolved soon after surgery. Several years later, head
computed tomography (CT) was performed following
a syncopal episode. This scan demonstrated a partially
thrombosed, giant aneurysm of the middle cerebral artery
(MCA). Neurological examination remained normal.
Angiography showed a fusiform aneurysm beginning at
the origin of the M1 segment and extending to the bifurcation, with some abnormal enlargement of the distal
internal carotid artery (ICA) at the level of the anterior
choroidal artery and the proximal anterior cerebral
artery. No posterior communicating artery was present
(Fig. 11-1). We proceeded with a bypass procedure to
reverse the direction of flow in the aneurysmal M1 segment
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by creating an external carotid to MCA bifurcation
graft with surgical clip ligation of the internal carotid
artery just beyond the origin of the ophthalmic artery
(Fig. 11-2). The patient did well until 2 years later,
when he suffered a second syncopal event. A repeat
head CT showed further enlargement of the partially
thrombosed aneurysm. He remained asymptomatic. At
that point, we proceeded with endovascular trapping
of the aneurysm by temporarily occluding the M1 segment between the site of the graft anastomosis and the
aneurysm, allowing the A1 segment and distal internal
carotid artery to fill retrograde from the anterior communicating artery and preserving the anterior thalamostriate arteries. The proximal M1 was then endovascularly
occluded with detachable coils near its origin off the
ICA (Fig. 11-3). Follow-up angiography at 8 months
demonstrated interval thrombosis of the M1 segment
(Fig. 11-4). A CT scan showed no further growth. He has
remained asymptomatic.
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B

D

FIGURE 11–1 Preoperative head computed tomographic scan and angiogram showing (A) a large, right-sided aneurysm with
calcium and (B-D) the anterior, posterior, and lateral view of the fusiform, partially thrombosed middle carotid artery aneurysm.

Stage 1: Surgical Technique
In the operating room, the patient was positioned supine
in a radiolucent pin headholder. A sheath was placed in
the right femoral artery for later intraoperative angiography. The previous incision was taken down sharply, and

the bone flap was elevated. The lateral portion of the sphenoid wing was resected, and the dura opened across the
sylvian fissure. The giant aneurysm was visible in the sylvian fissure. Attention was then turned to the neck for exposure of the superior thyroid, external carotid artery, and
ICA. The saphenous vein was then anastomosed using
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A

C

interrupted sutures of 8–0 nylon to the inferior division of
the middle cerebral artery just distal to its emanation from
the fusiform middle cerebral artery aneurysm. The anastomosis was then back-bled through a side branch on the
saphenous vein 1 cm proximal to the distal anastomosis.
The external carotid artery was then ligated with a surgical
clip and the proximal anastomosis with the saphenous

B

FIGURE 11–2 (A) After having a syncopal episode, a repeat
head computed tomographic scan was performed, which documented growth of the middle cerebral artery aneurysm. (B) The
angiographic study shows a patent bypass with continued filling
of the aneurysm and cross filling of the right A1 and the right
distal internal carotid artery via the anterior communicator.
(C) This was confirmed with a balloon occlusion at the bypass
site with continued filling of the aneurysm during a left carotid
injection.

vein was completed with 7–0 Prolene with a vein patch to
augment the outflow. Flow across the distal anastomosis
and proximal anastomosis was alternatively tested by opening the side-branch of the vein graft and moving temporary clips at the proximal and distal ends. Good flow was
noted in both directions. The supraclinoid ICA was then
visualized and was noted to dilate at the level of the
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B

FIGURE 11–3 (A) Postcoiling angiogram showing obliteration of the proximal M1. (B) The aneurysm no longer receives
anterograde flow from the contralateral carotid.

anterior choroidal artery. For this reason a curved permanent Yasargil clip was placed across the ICA for proximal
ligation just distal to the ophthalmic segment. Intraoperative angiography was performed and showed poor flow to
the external carotid artery and saphenous vein graft. Filling of the right A1 and middle cerebral artery and
aneurysm was noted via the anterior communicator after
the left carotid injection. An area of severe spasm was iden-

A

FIGURE 11–4 (A) Follow-up angiogram at 8 months shows
no retrograde filling of the aneurysm sac from the bypass
graft (right carotid injection, oblique anteroposterior projection).
(B) The anterior choroidal artery and a large lenticulostriate fill

tified above the anastomosis and was corrected by enlarging the patch angioplasty. Adequate flow was noted in the
vein bypass, and a curved permanent aneurysm clip was
again placed across the ICA to provide flow reversal and
proximal ligation of the aneurysm. Repeat intraoperative
angiogram showed satisfactory obliteration of the proximal
intracranial ICA with flow through the vein bypass filling
the middle cerebral artery with retrograde filling of the

B

from the posterior communicating artery (right vertebral artery
injection, lateral projection). These perforating vessels had
filled from retrograde flow down the right A1 segment at the
time of the endovascular occlusion.
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aneurysm. The dura was then closed in loosely around the
graft so as not to kink it. The craniotomy was then closed
in a standard fashion.

Stage 2: Surgical Technique
The patient was placed supine in the neurointerventional
suite. Both groins were prepped and draped in a sterile
fashion. Sheaths (5 and 6 French) were placed in the right
and left common femoral arteries, using sterile, Seldinger
technique. Analgesia was maintained with local lidocaine
and intravenous fentanyl and midazolam. Seven thousand
units of heparin were injected intravenously after gaining
arterial access, and anticoagulation was maintained by
means of a heparin drip, adjusted frequently to maintain
an activated clotting time of 300 seconds. A 6 French guide
catheter (Cordis Envoy, Miami, Florida) was placed into
the right common carotid artery. After roadmapping, a 7 
7 mm balloon (Hyperform, MIT, Sunnyvale California) was
placed over a 0.010 wire through the graft into the
aneurysm. After several inflations and manipulations, we
achieved a complete occlusion of the M1 segment as it
emerged from the aneurysm, just proximal to the M1 bifurcation and site of the vein graft anastamosis. We confirmed
occlusion by angiography after injection of the guide catheter. A cerebral angiogram was then performed with
injection of the left common carotid showing prompt filling of the right anterior cerebral territory from the anterior communicating artery, with retrograde filling of the
distal ICA. The anterior choroidal artery filled normally.
We performed serial neurological testing of memory,
speech, sensory, and motor functions for 30 minutes. The
patient passed this test occlusion on clinical and angiographic criteria. We proceeded to occlude the proximal
aspect of the M1 aneurysm with detachable coils. We placed
a second microcatheter through the 6F sheath, adjacent to
the balloon catheter. Under flow arrest, with the balloon
inflated, we proceeded to place coils from the M1 origin to
the distal sac of the aneurysm.

Outcome
The patient had an uneventful postoperative course with
both his surgical and interventional procedures. He remains neurologically asymptomatic at this time (Fig. 11-3)
Follow-up angiography demonstrated complete thrombosis of the M1 segment aneurysm (Fig. 11-4).

Key Points
The basic pathophysiological factors leading to the development and growth of fusiform aneurysms are fundamentally different from sacular aneurysms.1–4 These

aneurysms typically involve the entire circumference of
the vessel,1–5 and consequently, they can rarely be treated
by simple clip ligation.1,2,4 Arterial dissection is a
common finding in fusiform aneurysms of the intracranial circulation. The expansion of the vessel occurs in a
weak internal elastic lamina and results in intimal
hyperplasia and vascular proliferation in the intima. Intramural hemorrhage occurs with resultant thrombosis
and recanalization that leads to chronic lesional
growth.4 Thus simple clipping of an aneurysmal neck
in the case of a fusiform aneurysm is not feasible.1,2
As seen in the present case, this mode of therapy is
unlikely to be successful.
Fusiform aneurysms should be treated if they are causing symptoms, such as ischemia, hemorrhage, or mass
effect, or if they are asymptomatic and progressively enlarging on follow-up studies.1 Definitive treatment involves
isolating the lesion from the circulation.1,2 This is not
always possible and frequently requires multistage procedures. Intraaneurysmal reversal of flow has led to
aneurysm stability and shrinkage in anecdotal cases.1 In
the present case, it represented a relatively low-risk attempt
at controlling aneurysm growth in an asymptomatic
patient, and it laid the foundation for more definitive
trapping in the future.
Surgical or endovascular trapping of central arteries with end-artery perforators is possible, but the risk
for stroke is difficult to assess with current technologies.5 Collateral supply to these territories may exist
naturally and is often better than expected. 2 Many or
most perforators that arise from these complex
aneurysms may already fill from collateral sources because their origins have become occluded. Balloon
test occlusion may identify those in whom these
collaterals are insufficient, but passing a 30-minute
balloon test occlusion will not guarantee tolerance to
permanent occlusion.
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Comments
The authors are to be congratulated for their technical
success in the challenging treatment of a giant fusiform
aneurysm of the middle cerebral artery by the combination of an EC–IC venous bypass graft and, initially, with
an ICA ligation distal to the origin of the ophthalmic
artery and subsequently with an endovascular occlusion
of the proximal M1 segment.
They are succeeding at the moment in the treatment
of this intractable aneurysm with change of flow direction. They suggest proceeding to a complete trapping of
the aneurysm by further therapeutic occlusion at the
distal M1 termination in case of its further growth. There
remain, however, some problems to be addressed:
1. Theoretical background of this type of treatment
seems in this chapter to be mostly based upon a
paper under submission by the same authors. Are
there no other articles published to be cited hitherto?

2. Why was the proximal ligation not done primarily
at the level of the proximal M1 portion instead of
the ICA occlusion distal to the origin of the ophthalmic artery?
3. “Many or most perforators that arise from complex
aneurysms may already fill from collateral sources”
should be checked with much more caution, perhaps also in combination with cerebral blood flow
imaging studies or eletrophysiological monitoring
or both. The further trapping procedure of the
aneurysm that they are planning, if necessary,
means occlusion of the lateral lenticulostriate arteries, although they could simulate the situation
with a balloon occlusion test without any sequel for
30 minutes.
Y. Yonekawa
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Treatment of Difficult MCA Aneurysm
HIROTOSHI SANO, VIRAL MEHTA, YOKO KATO, MINORU YONEDA,
AND TETSUO KANNO

Diagnosis Difficult MCA aneurysm
Problems and Tactics Thrombosed aneurysm, misleading angiograms,
direct reconstruction
Keywords MCA aneurysms, reconstruction, MCA stenosis

Case Report
A 10-year-old female presented with symptoms of headache
and vomiting. Computed tomographic (CT) scan showed
a giant right middle cerebral artery (MCA) aneurysm.
Digital subtraction angiography (DSA) revealed two large
aneurysms at the M1 portion of the right MCA (Fig. 12-1A,B).
The patient was referred (along with these imagings, which
had been done at her own hospital) to Fujita Health
University where three-dimensional CT angiography
(3D-CTA) was performed. It showed a single, multilobulated giant aneurysm at the M1 portion of the right MCA
(Fig. 12-1C,D). The anterior choroidal artery appeared
to be attached to the aneurysm. A right frontotemporal
craniotomy was performed. The sylvian fissure was opened.
There was a giant multilobulated aneurysm at the M1
portion of the right MCA, contrary to the findings on
DSA in which there appeared to be two large aneurysms
located at the M1 portion of the right MCA (Figs. 12-2A
and 12-3A). Upon dissecting the aneurysm, it was found
that the anterior choroidal artery was attached to the
aneurysm; however, it was possible to dissect it and completely separate it from the aneurysm. The lenticulostriate
arteries originated from the distal portion of the M1 portion
of the right MCA away from the aneurysm. The internal
carotid artery (ICA), anterior cerebral artery (ACA), and
MCA were dissected, and temporary clips were applied at
the ICA after the anterior choroidal artery, at the M1 portion of the MCA before the lenticulostriate arteries and
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at the A1 portion of the right ACA. The aneurysm was
punctured; however, only a small part of the aneurysm
was seen collapsed (Fig. 12-2B). The MCA was reconstructed with fenestrated clips. The proximal part of the
MCA was clipped and reconstructed with two curved
fenestrated clips. The proximal part of the MCA had a
soft wall, and hence, arterial reconstruction was done
well. The distal part of the aneurysm was thick and the
clip was slipping and creating stenosis of the artery. Even
the Doppler signals became weak when the clip was on
the distal part of the aneurysm. The aneurysm was cut
open and there was a clot, which was evacuated; however, the middle part of the clot was too thick to be removed
and this part was probably seen as a defect in aneurysm
on angiography and 3D-CTA. The clip on the middle
part was removed, but there was no bleeding from this
site (Figs. 12-2C and 12-3B). DSA was taken intraoperatively (Fig. 12-2D), which clearly showed the patency
of the stenotic artery. Hence, no further clip application
was considered. The patient had an uneventful and complete postoperative recovery and remained asymptomatic.
The DSA done postoperatively on follow-up showed a
patent right MCA with some stenosis.

Discussion
The treatment1–8 of a giant aneurysm is difficult because
of the size. Preoperative imaging is very important to
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FIGURE 12–1 (A) Anteroposterior and (B) lateral DSA showing
two large aneurysms at the M1 portion of the right middle
cerebral artery. (C,D) Three-dimensional computed tomographic

A
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angiography showing a single multilobulated giant aneurysm
at the M1 portion of the right middle cerebral artery.

B

FIGURE 12–2 (A) Operative view showing a multilobulated giant aneurysm at the right M1 portion. (B) The aneurysm was
trapped and punctured to be corapused; however, it was not corapused completely because of the thrombus.
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C

D

FIGURE 12–2 (Continued) (C) The middle cerebral artery (MCA) was reconstructed using titanium fenestrated clips. (D) Intraoperative angiography showing the MCA preserved.

approach the aneurysm. This unusual case of a giant
aneurysm highlights how angiograms can also be misleading at times. DSA study showed two large
aneurysms at the M1 portion of the right MCA, whereas
3D-CTA clearly revealed that this was a single, multilobulated giant aneurysm at the M1 portion. This case
highlights the advantage of 3D-CTA in preoperative assessment of the aneurysm anatomy, which helps in
planning the treatment strategy. Coil embolization is
not indicated in such a giant aneurysm because the
aneurysm neck is too wide to be obliterated with coils.
There are two options for treating the aneurysm;
namely, direct reconstruction of the parent artery or
trapping of the aneurysm with a bypass. Further, it is
possible to clip the neck of large aneurysms, but for a

giant aneurysm using multiple clips arterial reconstruction is necessary.
Another interesting point of this case was the abnormally stretched anterior choroidal artery, which was
attached to the aneurysm dome, but it was possible to
dissect it out completely and separate it from the
aneurysm and thus to preserve it. In addition, it was
possible to preserve the lenticulostriate arteries because
their origin was distal to the aneurysm.
After the proximal part of the MCA was clipped with
two curved, fenestrated clips and the distal part of the
aneurysm was clipped, this clip was slipping and creating
mild stenosis of the MCA with weak signals on Doppler,
but intraoperative angiogram showed patency of the
MCA. After opening the aneurysm, the clot was removed

A

FIGURE 12–3 (A) Schematic drawing of the aneurysm. (B) Arterial reconstruction using fenestrated clips.

B

13830_C12.qxd

2/2/05

2:59 PM

Page 61

CASE 12  Difficult MCA Aneurysm

partially with the middle part of the clot thick and
adherent. To our surprise, even after the clip on the
middle part was removed there was no bleeding.
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Comments
The authors are to be commended for the successful
surgical treatment of a child with a giant aneurysm of
the proximal MCA. The lessons learned from this case
are: (1) partially thrombosed, wide-necked, and multilobulated giant aneurysms may be better delineated by
3D-CTA than by conventional angiography; (2) reconstruction of the parent artery, using multiple fenestrated clips, is a useful technique for treatment of a

giant aneurysm; (3) every effort should be made for
the preservation of the branches around the neck of
a giant aneurysm; (4) despite incomplete clipping
of the neck, an aneurysm can be isolated from the
circulation with the help of an existing thrombosis in
the neck.
Kyu Chang Lee
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Subtemporal Approach to a Basilar
Bifurcation Aneurysm with Failed Surgery
JUHA A. HERNESNIEMI, MINORU FUJIKI, AND HU SHEN

Diagnosis Multiple failures of endo- and exovascular surgery in total occlusion
of a large-based, basilar bifurcation aneurysm
Problems and Tactics Aneurysm bases left partially untreated are well
known to cause recurrent growth of the aneurysm. Despite multiple operations,
both exo- and endoarterially, a large part of the base of a ruptured basilar
bifurcation aneurysm remained open. Scarring due to earlier operations and
around clips outside the aneurysm on the right side, and coils inside the
aneurysm made final total occlusion difficult. A left-sided subtemporal approach
as advocated by Drake was chosen to treat the remaining base.
Keywords Basilar bifurcation aneurysm, failed surgery, bring clip, subtemporal approach

Clinical Presentation
A 51-year-old female had her large-based, ruptured, basilar bifurcation aneurysm treated by coils on the first day
after bleeding in 1996. One year later a recoiling was
done due to increased filling of the aneurysm and base.
Due to refilling, 1 year later a right-sided pterional craniotomy was done. The large base could be clipped partially
with two clips by transsylvian route, but due to coils
inside the aneurysm and perforators in the far corner it
was not possible to occlude the whole base (Fig. 13-1).
The remaining left-sided base was occluded by the left
subtemporal approach in 1999 with total occlusion of
the aneurysm and good clinical outcome of the patient
(Figs. 13-2 and 13-3).

Surgical Technique
In the park bench position, a left, small, subtemporal
craniotomy through a linear incision was done. After
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incising the fascia and temporal muscle along its fibers
upright to the arch, the muscle with its fascia was removed
posteriorly from the temporal root of the zygoma. Anteriorly, both leaves of the temporal fascia were separated
from the arch with blunt dissection so as not to injure
the facial nerve. This allowed wide spreading of the
temporal muscle with a curved retractor and fish hooks.
A small bone flap sized 3  3 cm was done with one burrhole and craniotome, taking care not to injure the dura.
After spinal drainage of 50 mL of cerebrospinal fluid (CSF),
the brain was slack after opening the dura in V- form, base
downward, and after very careful fixation of the dura with
stitches to the surrounding muscles or draping. Under
the microscope, the brain was covered with oxidized cellulose and large wet cottonoids. The course of creating
the operative route was like taking the temporal lobe in
the retracting hand and pulling upward to see the tentorial edge. A broad Aesculap retractor was used so as not
to cut inside the temporal lobe. The junction of the vein
of Labbé with the lateral sinus was well posterior, as is
ordinarily the case, and not in jeopardy in this approach.
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FIGURE 13–1 Preoperative (after two endoarterial
and one right-sided transsylvian approach) vertebral artery angiography shows a broad-based,
basilar bifurcation aneurysm partially filled with
coils and partially clipped with two clips.

As the uncus was raised with the tip of the retractor,
the third nerve was elevated with it. The basilar bifurcation was high in relation to the posterior clinoid in this
case, and it was necessary to separate the third nerve from
the uncus and to work on both sides of it. The superior
cerebellar artery and P1 were identified with the help of
the third nerve and followed to the basilar artery. The
position of the lateral aspect of the neck and waist of the
aneurysm was then known as being just medial to P1, but
covered by scarring and by the P1 perforators. Some
parts of the coils were also seen. The posterior communicating artery was carefully preserved in the event some
injury to the P1 occurred or if it became necessary to
include the P1 in the clip. Only enough of the broad

base was cleared anteriorly to accept the width of the
clip blade. The major difficulties with this aneurysm lied
behind the sac, as is usually the case. Clearing the base
of the P1 prepared the way for finding and separating
the perforators. Gentle retraction forward of the waist of
the sac with the sucker tip was used to get behind the
neck, and the perforators were cleared and separated
from the aneurysmal base by using a small curved microdissector. The adherent perforators were separated
upward far enough so that the posterior clip blade could
slip inside them without kinking or tearing their origin.
A ring clip (blade length 3 mm) was selected to close the
open base, but it slipped away because of the coils and
clips coming from the right side. The difficulty expected

FIGURE 13–2 Postoperative vertebral artery
angiography after the left subtemporal approach
shows total occlusion of the aneurysm base with a
ring clip.
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FIGURE 13–3 Schematic drawing shows the skin
incision and small tic craniotomy, and the operative
sketch after total occlusion of the aneurysm with
a ring clip.

was that the coils inside the aneurysm would push the
clip downward toward the basilar bifurcation to occlude
it, and also that they might cause the wall to rupture if
the pressure on the wall by the clip was too heavy.
With the fenestrated clip designed in 1969 by Drake,
the P1 was left adherent to the sac but open in the aperture; whereas the shorter blades (2 mm) of another clip
were allowed to close very slowly across the residual open
base of the aneurysm. The clip was held during closing
by the applier at the same place above the basilar bifurcation. The third nerve was also included in the aperture.
To minimize obscuring vision during clip application, a
very low profile clip applier was used. Because of the
small gap, the clip handles, and difficulties caused by
earlier surgery, it was not appropriate to needle and
collapse the sac to prove completed clipping. Local
papaverin was applied after clipping of the aneurysm.
The wound was closed to the last stitch under the microscope in several layers extremely carefully without any
drains.

Key Points
Approximately half of the patients with cerebral aneurysms
can be treated by endoarterial treatment.1,2 Especially
large-sized and -based aneurysms are not well treated by
endoarterial techniques, and failures of and recurrences
after treatment are common. Technically redo-aneurysms
are very demanding because of scarring involving foreign
particles inside or outside the aneurysm.3 Many times

the aneurysms are buried in important structures, and
removal of foreign particles embedded in the thrombus
and scar is impossible. The remaining free part of the
aneurysm and its base and the wall consistency are extremely important for the success of redo-surgery.3
The neck of an aneurysm is almost completely obliterated when the clip blades fall across the neck in parallel
with the parent bifurcation and there is less risk of kinking the P1, particularly with large necks. This ideal placement is more likely to occur with the subtemporal exposure (and is identical to the principles used to treat the
much more common middle cerebral artery bifurcation
aneurysms). Clips placed more perpendicular to this
crotch often leave tags of neck in front and behind
(“dog ears”), which have grown, in our and other’s experience, into new aneurysms.4
In this case we assessed the subtemporal approach to
be the only possible choice left for treatment of the
aneurysm. The subtemporal approach was used by Drake
et al in 1250 cases in their never-to-be-repeated series of
1767 patients with vertebrobasilar artery aneurysms in
1959–1992. Eighty percent of the 1234 patients with basilar
tip aneurysms were treated by a subtemporal approach.4
The main reason for the use of the frontotemporal
approach for Drake et al was the multiplicity with another
aneurysm(s) on the anterior circulation. The senior
author (JH, with a personal experience of more than
2500 cerebral aneurysms), learned to use the subtemporal approach in the early 1980s by studying chapters written by Drake and Peerless in various textbooks, and this
experience was later refined by working with them.4,5
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The right side is ordinarily used, unless the projection
or complexity of the aneurysm or its base, a severe anatomical rotation of the basilar bifurcation, a left oculomotor palsy, a left-sided blindness, or a right hemiparesis
demand an approach under the dominant temporal lobe.
In this case, due to scarring and clips from earlier rightsided operations and location of the coils, a left-sided
approach was used.3
The trick to the proper use of the subtemporal approach lies in quickly getting enough space to reach the
tentorial edge without heavy compression of the temporal
lobe. Lumbar drainage of the spinal fluid with a simple
needle, installed by the neurosurgeon after preparing the
wound, is the key to successful surgery. Modern neuroanesthesia with mannitol may be helpful, but without spinal
drainage I would not begin a subtemporal approach.
The angle of the subtemporal approach is ordinarily
nearly perpendicular to the sagittal plane, but even through
the small approach, the angle can be changed. The P1 is
always above the third nerve and the posterior communicating artery joins it; the superior cerebellar artery (SCA) is always below. The same is of course true for the opposite side,
but in the reverse. It is usually possible to work below the
third nerve to clip the aneurysm except in the case of a high
basilar bifurcation (this case) or a giant sac, when it may be
necessary to separate the third nerve from the uncus. The
third nerve tolerates little manipulation, but its potential
for recovery is nearly 100% in a few weeks or months.
Suturing is awkward in the deep, small gap, and it has
been replaced by the use of a small Aesculap clip reflecting
the edge of the tentorium toward the operator for 1 cm
or so to the floor of the middle fossa. The bleeding is
stopped by the use of fibrin glue. If necessary, the tentorium is divided and fixed with a small Aesculap clip(s) to
provide better access for temporary clipping of the basilar
artery. In the cases with low-lying basilar bifurcation tentorium division remains absolutely necessary, and a more
posterior approach with a larger flap is planned from
the beginning of the operation. The transmastoid–
transpetrosal presigmoid approach, through a completely
divided tentorium, has been used for low-placed necks,
as well for basilar trunk aneurysms. Systemic hypotension,
down to a mean arterial pressure (MAP) of 40 to 50 mmHg
has been widely recognized to reduce the tension and
fragility of the aneurysm wall. It is nearly always that a
very low tension in the aneurysm is deemed essential for
safe dissection, coagulation, or clipping. A segment of
the basilar artery below the SCA and free of perforators
for 2 or 3 mm should always be exposed for placement
of a temporary clip. It has been learned that few if any of
these aneurysms should be treated without the use of
temporary basilar clipping. Temporary basilar clipping
was not used in this case, but we think it should have
been used to prevent slippage of the clip. Our experience indicates that 3- to 4-minute intervals are safe for
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any artery, and much dissection can be done in that
time. For difficult aneurysms, especially large ones at the
basilar bifurcation, particularly when one or both posterior communicating arteries are large, temporary trapping by occluding one or both posterior communicating
arteries during the basilar artery occlusion should be
used. It is more convenient to leave the temporary basilar clip in place while removing and replacing the clip
on a large posterior communicating artery to provide
the intervals for reflow.4
There is a big difference in dissection and clipping of
the basilar tip aneurysm if it is projected either forward
(seldom, may be attached to the clivus when low), upward
(most common, as in this case), or backward (most difficult due to the vicinity of the perforators). In clipping the
basillar SCA and proximal posterior cerebral aneurysms,
the perforators are usually not of so much concern, but
the height and direction of the aneurysm, in addition to
its size, deserve careful preoperative planning.
The upward curve of the P1 only stands free beside
small aneurysms but is usually adherent to larger sacs,
often densely so. With the design of the fenestrated clip
in 1969 by Drake, the P1 can be left adherent to the sac
but open in the aperture while the blades fall across the
neck of the aneurysm.4 Some perforators or the third
nerve as well may be included safely in the aperture. The
fenestrating ring beyond the applier tips tends to obscure
vision in the narrow confines, especially behind the
aneurysm. To obscure vision least during clip application,
a very low profile clip applier should be used. The clip
blades must be no longer than the flattened, occluded
neck or else the P1 origin(s) and its perforators may be
stenosed or occluded. A flattened neck is 1.5 times the
width of an open, circular neck (exact measurement of
the base in anteroposterior projection of the aneurysm
in digital subtraction angiography (DSA) or computed tomographic angiography (CTA) has proved very useful).
Placing the clip too far out on the neck leaves a part of
the aneurysm base unsecured inside the ring. Repositioning the clip a little higher or the addition of a
straight tandem clip may suffice to occlude the remaining neck. The origin of the SCA must not be mistaken
for the P1 because inadvertent occlusion of the basilar
bifurcation will result in extreme invalidity or death.4
The P1 is always above the third nerve and the posterior
communicating artery joins it; the SCA is always below.
The same is of course true for the opposite side.
Much of the merit of an approach is a matter of continued use and familiarity with the anatomy. The major
difficulties with basilar bifurcation aneurysms lie behind
the sac. As compared with pterional or related approaches,
the advantages of the subtemporal approach are that basilar tip aneurysms, especially their backside, can be visualized simply and quickly regardless of their size, height,
direction, or multilocularity. The inner third of the tent
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can be divided for very low necks and placement of a temporary basilar artery clip, and there is no necessity to open
the cavernous sinus to remove the posterior clinoid or inner petrous apex. The natural drawback of the subtemporal approach is that the ipsilateral P1 is in front of the
aneurysm, and that the contralateral P1 is on the far side.4
Every approach, however, has its awkward far side of the
operative field with its related difficulties.
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Comments
Dr. Hernesniemi is to be congratulated for describing
his excellent surgical techniques for a complicated basilar
bifurcation aneurysm. He describes details of the surgical findings and also mentions the surgical concepts of
the subtemporal approach to the basilar bifurcation
aneurysm. He could obliterate the residual neck successfully from the left-sided approach without removing the
coils and clips of the previous treatments. In some situations, removal of the coils or the clips of the previous
operations is needed to apply a new clip. Combined

pterional and subtemporal approach from the right side is
another option for the surgical approaches in the present
case; the previous clips can be removed through the pterional route and the approach route is switched to the subtemporal route for introducing a new clip. This case report
is indeed valuable because an opportunity to encounter
such a complicated case will increase with advancement of
the endosurgical treatment of the aneurysm.
Yuichiro Tanaka and Shigeaki Kobayashi
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An Extremely High-Positioned Giant
Basilar Top Aneurysm Operated via
Infratemporal Approach
KAZUO HASHI, MASAHUMI OHTAKI, AND YOSHIHIRO MINAMIDA

Diagnosis High-positioned giant basilar top aneurysm
Problems and Tactics A usual modification of the surgical approach for a
high-positioned basilar top aneurysm is an addition of the orbitozygomatic
osteotomy1,2 to a pterional or sometimes to a subtemporal approach. The
approach through the third ventricle via the interhemispheric fissure3 may
be applied less frequently in selected cases; however, if the position is
extremely high ( 1.5 cm from the level of the top of the posterior clinoid process)
and the aneurysm is giant in size, special consideration is required. This case
describes such a condition.
Keywords Giant basilar top aneurysm, high position, skull base surgery
infratemporal approach, clipping

Clinical Presentation
A 63-year-old male had a subarachnoid hemorrhage
(SAH) 10 years earlier. The examination at that time
revealed bilateral occlusion of the internal carotid artery
at the neck and circulation of the whole brain was supplied through the vertebrobasilar system through the
posterior communicating arteries. The basilar artery was
elongated and tortuous. There was a small aneurysm
pointing forward at the top of the basilar artery; however,
the aneurysm was not treated at that time because of the
high position of the basilar bifurcation, 12 mm from the
level of the posterior clinoid process. Two years later a
second SAH occurred (Fig. 14-1A). At this time clipping
of the aneurysm was performed via a right pterional
transsylvian approach with an addition of the orbitozygomatic osteotomy. The anterior clinoid process was
removed and the right carotid artery that had been
occluded was cut at its entry to the intradural space. A

Sugita clip (7 mm blade length) was applied (Fig. 14-1B).
The patient was free from symptoms postsurgery and
was followed up regularly thereafter. It was noticed that
the aneurysm had been gradually enlarging, and 8 years
after the last operation it ruptured a third time.
The aneurysm was 3 cm in diameter. The clip of the previous operation was on the anterior wall of the aneurysm,
and the upper dome of the aneurysm reached 23 mm from
the level of the posterior clinoid process (Fig. 14-2A,B).
Consciousness disturbance with left oculomoter nerve
palsy was present. There was a thick cisternal hemorrhage
around the top of the basilar artery and hematoma in the
third ventricle and the aneurysm was seen as a negative
shadow in hematoma in the cistern. Two months later the
patient had recovered somewhat, showing recent memory
disturbance, left oculomoter nerve palsy with mild right
hemiparesis, and trunkal ataxia.
To prevent further ruptures and to decompress the
brain stem active treatment was considered to be necessary.
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A

B

FIGURE 14–1 Aneurysm at the second admission. (A) Preoperative angiogram. (B) Postoperative angiogram.

Endovascular surgery would not be indicated because of
the lack of an apparent neck of the aneurysm, and trapping the aneurysm was considered too risky even with
installment of a high-flow bypass because the basilar artery
supplied blood flow for the whole brain. The direct operation was then considered the sole choice for treatment.
Taking into account the position of the aneurysm and
the necessity of temporary occlusion of the basilar artery
at operation, the infratemporal approach consisting of
orbitozygomatic osteotomy and section of the coronoid
process of the mandibular bone with retraction of the
temporal muscle upward,4,5 to reach the high position
(Fig. 14-3), and hypothermia of 20C by percutaneous
cardiopulmonary bypass technique to secure the temporary occlusion were chosen.
A right frontotemporal scalp flap was turned under
the subfascial layer, and an orbitozygomatic osteotomy

A

was performed (Fig. 14-4A). The masseter was retracted
downward. The temporal muscle was exposed to its
insertion in the coronoid process of the mandibular
bone and the process was cut at its base. The anterior
half of the temporal muscle was dissected from the temporal bone and was retracted upward with the divided
coronoid process (Fig. 14-4B). This procedure provided a space beneath the temporal fossa and created
the angle for looking up the deep structure through the
sylvian fissure. A previous frontotemporal craniotomy
flap was turned, and a sphenoid ridge was removed to
expose the superior orbital fissure. The anterior clinoid
process had already been removed at the previous operation. The dura was cut along the sylvian fissure to the
distal dural ring of the carotid artery and the dura of the
temporal tip was dissected from the orbital fascia and
outer layer of the cavernous sinus. This provided a wide

B

FIGURE 14–2 Aneurysm at the third admission. (A) Preoperative angiogram. (B) Three-dimensional computed tomographic
angiography.
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FIGURE 14-3 Illustration of the infratemporal
approach performed in this case.

A

B

C

D

E

FIGURE 14–4 Pictures during operation. (A) Orbitozygomatic osteotomy. (B) Section of the coronoid process. (C) Anterior wall of the
aneurysm. (D) Clipping of the aneurysm. (E) Uppermost dome of the
aneurysm.
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FIGURE 14–5 Postoperative angiogram after the third admission.

FIGURE 14–6 Postoperative angiogram after the embolization.

space beneath the right posterior communicating artery
that could be lifted upward because the carotid artery
had been cut at the previous operation. After these procedures were completed, the cardiac surgical team performed cannulations through the femoral vessels and
connected them to the cardiopulmonary shunt device to
provide the standby for cooling that was to be started
when the dissection around the aneurysm was begun.
Although there was a thick arachnoid adhesion in the
cistern, the anterior wall of the aneurysm could be exposed
(Fig. 14-4C) and the previous clip was removed. Under
the body temperature of around 20m the brain became
slack. The aneurysm was dissected from the surrounding
thick adhesion. The main aneurysm dome was extending upward and backward, and its uppermost part could
be seen by adjusting the angle of the operating microscope. It was possible to apply several fenestrated clips to
make the aneurysm smaller but still to avoid clamping of
the perforators (Fig. 14-4D); however, the posterior
part of the aneurysm dome had to be left to spare some
perforators. At closure of the craniotomy the incised
coronoid process and orbitozygomatic bone piece were
repositioned with titanium miniplates and the masseter
muscle was fixed to the zygoma.
Postoperatively, the patient was obtunded with symptoms
of right hemiparesis, left third nerve palsy, lateral gaze
palsy, and swallowing disturbance (Fig. 14-5). Brain stem
infarction was considered to have developed in spite of the
effort to spare the perforators, but it was not clear in magnetic resonance imaging due to artifacts of the clips. The
residual part of the dome was embolized later by the en-

dovascular surgical team (Fig. 14-6). Although swallowing
recovered and verbal communication became possible
2 months later, his recovery of other symptoms was not
remarkable and he discharged to the other institution.

Key Points
In this case, with an aid of hypothermia and the section
of the carotid artery at its dural entry, it was possible
to reach the dome of the aneurysm, which extended
23 mm above the level of the posterior clinoid process
(Fig. 14-4E). Although the result of this operation was
not fully satisfactory, it was shown that the infratemporal
approach of minimal morbidity in this case could be
applied for the high-positioned basilar top aneurysm that
could not be reached by conventional orbitozygomatic
osteotomy, wherein the limit of the height was described
to be 12 mm from the posterior clinoid process.1
REFERENCES
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Comments
One of the most formidable complications in the surgery for basilar top aneurysms is the damage of the thalamomesencephalic perforators resulting in a persistent
consciousness disturbance. Especially in such a case,
where the aneurysm is giant and located very high from
the posterior clinoid process, there is a strong risk of
serious complications. An infratemporal approach with
orbitozygomatic osteotomy and section of the mandible

may be a good approach, but I think endovascular treatment using a special technique (balloon) may be the
best choice. A cardiopulmonary bypass procedure with
hypothermia should be performed to minimize the
complications because the procedure itself has a very
high risk.
Dae Hee Han
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Backward-Projecting, Ruptured Basilar
Bifurcation Aneurysm Combined with
Hypoplasia of the Internal Carotid Artery
YASUHIRO YONEKAWA, PETER ROTH, AND NADIA KHAN

Diagnosis A backward-projecting, ruptured basilar bifurcation aneurysm
associated with hypoplasia of the left internal carotid artery
Problems and Tactics There were four preoperative angiographical findings of a ruptured basilar bifurcation aneurysm posing problems at the time
of surgery: (1) There was backward projection of the aneurysm with its neck
at the level of the posterior clinoid process (Fig. 15-1A). (2) The aneurysm
was seen in combination with hypoplasia of the left internal carotid artery
resulting in the entire left cerebral hemisphere being supplied vascularly
from the vertebrobasilar circulation (Fig. 15-1B). (3) A fetal type of right posterior communicating artery was present. (4) The aneurysm had a broad
neck so that both P1 segments were incorporated into the aneurysm neck at
their proximal portion (Fig. 15-1C).
Keywords Basilar bifurcation aneurysm, backward projection, hypoplasia
of the internal carotid artery, extracranial-intracranial (EC-IC) bypass, selective
anterior clinoidectomy

Clinical Presentation
This 42-year-old female suffered from a severe headache
suddenly at night and was diagnosed on computed tomography (CT) as having a subarachnoid hemorrhage
(SAH). Cerebral angiography disclosed a basilar bifurcation aneurysm associated with the aforementioned problematic findings. The patient was operated on day 1 with
an SAH of World Federation of Neurosurgeons Grading
Scale (WFNS) Grade IV and Fisher 3.

Surgical Technique
1. A left-sided extracranial–intracranial (EC–IC) bypass was performed using a linear incision in the

supine position, with the head turned to the right,
as a primary surgical step before clipping of the
aneurysm was undertaken.
2. Aneurysm clipping:
The head was positioned and fixed in a Mayfield-Kees
apparatus with the face turned to 30 degrees to the left
and the chin slightly turned upward.
a. A pterional craniotomy on the right side was performed followed by flattening of the sphenoid
ridge by drilling it away to the lateral corner of the
superior orbital fissure.
b. Opening of the dura and opening of the lamina
terminalis for cerebrospinal fluid (CSF) drainage
followed resulting in slackness of the brain.
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c. This was folllowed by an extradural selective anterior
clinoidectomy, as has been described elsewhere.1
The clinoid process was removed en bloc.
d. An additional dural incision toward the distal dural
ring, at the lateral corner of the internal carotid
artery, was made, enabling a wider working space
and allowing for optimal illumination of the operating microscope. This enbabled better mobilization
of the internal carotid artery.

A

C

e. The basilar trunk was prepared by removing clots
from around it within the retrocarotid space. For
further dissection of the aneurysm a temporary clip
to the basilar trunk was placed. This could be done
with the removal of the anterior clinoid process
and due to some distance of the basilar artery from
the dorsum sellae in spite of the same level of the
aneurysm neck and the posteior clinoid process seen
on the lateral view of the angiography (Fig. 15-1A).

B

FIGURE 15–1 Preoperative angiogram. (A) Lateral view of the
vertebral artery: note the backward projection of the aneurysm
with its neck just at the level of the posterior clinoid process.
(B) Anteroposterior view of the right vertebral artery: the left
middle cerebral artery is opacified via the strong left posterior
communicating artery. (C) Three-dimensional computed tomographic angiography. Proximal portions of both P1 segments
are incorporated into the aneurysm.
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B

FIGURE 15–2 Artist’s drawing. (A) Basilar bifurcation aneurysm
projected backward after the anterior clinoidectomy: Small
perforating branches are separated from the aneurysm wall

by insertion of some small pieces of Tabotamp®. (B) The
aneurysm was optimally occluded by use of a fenestrated clip
in combination with an additional straight clip (see text).

f. Another temporary clip was then placed to the
left P1 from the opticocarotid triangle. Thus, the
P1, the aneurysm dome over the basilar tip, and the
area behind the basilar artery could be dissected
safely by removal of the clot. Small perforating
branches from the aneurysm neck and caudoproximal portion of the right P1 could thus be dissected
from the aneurysmal dome. Haemostatic Tabotamp® (oxidated regenerated cellulose; Johnson
& Johnson Intl) was inserted between the
aneurysm dome and the basilar artery perforators
(Fig. 15-2A).
g. Dissection of the aneurysm neck was performed
revealing the incorporation of the proximal portions of both P1 segments into the aneurysm neck.
The absence of thalamoperforating arteries just in
the vicinity of both the P1 and the aneurysm neck
junction could thereafter be confirmed. Further
dissection of the aneurysm at its cranial dome
portion was abandoned because of the strong fetaltype posterior communicating artery, which was in
the way.
h. Application of a fenestrated clip was undertaken:
One blade of the clip resided at the corner of the
junctional portion of the P1 and the aneurysm neck
and the other blade pierced the middle of the bulk of
Tabotamp® so that perforators were outside of the
blade and not occluded. The fenestrated part of
the clip contained the right P1 with the perforator
and part of the aneurysm dome, as illustrated in
Fig. 15-2A.

P1–aneurysm corner on the left side; the other blade was
placed between the right P1 and the remaining
aneurysm dome (Fig. 15-2B).

An additional straight clip was placed: One blade
was just over the blade of the fenestrated clip at the

i. Patency of both P1 segments was confirmed with
microDoppler sonography.
j. The temporary clips at the left P1 and then that
of the basilar trunk were removed in that order.
Temporary occlusion of the basilar artery was just
less than 30 minutes. Before this procedure mannitol and barbiturates were infused.2
k. Closure of the craniotomy: Dural closure, bone
placement, muscle, fascia and skin closure in layers
was performed.

Outcome
The postoperative course was uneventful. The postoperative angiogram on day 9 showed satisfactory clipping of
the aneurysm and a patent EC–IC bypass (Fig. 15-3).
The patient was discharged on postoperative day 20
without any neurological deficits.

Key Points
Difficulties in the surgical management of this case included the following points:
1. Hypoplasia of the left internal carotid artery, so
that the left hemisphere was vascularized by the
vertebrobasilar artery via the right posterior communicating artery. This problem of ischemia of the
left hemisphere at the time of temporary clipping
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A

B

C

D

FIGURE 15–3 Postoperative angiography and computed
tomographic scan. (A) Anteroposterior and (B) lateral views
show complete occlusion of the aneurysm. (C) Patent
extracranial-intracranial bypass is opacified by selective

external carotid angigraphy. The hypoplastic internal carotid
artery can also be seen. (D) Postoperative computed tomography indicates the site of the anterior clinoidectomy.

of the basilar artery could be overcome with the
procedure of EC–IC bypass construction prior to the
aneurysm clipping procedure in the same session.
2. A fetal type of the right communicating artery and
a low position of the aneurysm neck were factors
rendering difficulties in the dissection of the
aneurysm and placement of the clip.2 Enlargement
of the working space was mandatory for this purpose

and could be mostly overcome with the procedure
of the anterior clinoidectomy.1 Some distance
between the basilar artery and the posterior clinoid
process enabled placement of the temporary clip
in spite of the position of the aneurysm neck. Complete dissection of the aneurysm dome at its cranial
portion, which should usually be done, was abandoned.

13830_C15.qxd

2/2/05

2:59 PM

Page 75

CASE 15  Basilar Bifurcation Aneurysm with Hypoplasia of ICA

3. The size of the aneurysm of 8 mm, a posterior projection, and incorporation of the proximal portion
of both P1s were factors of difficulty at the time of
aneurysm clipping.
Dissection of perforating arteries on the surface of
the aneurysm wall could be done safely after the temporary clipping, and their entanglement at the time of
clip blade insertion could be prevented by Tabotamp(r)
insertion between the aneurysm wall and perforators.3,4
This case shows that the pterional approach for basilar
bifurcation aneurysms pioneered by Yasargil5 can also
be applied for the backward-projected basilar bifurcation
aneurysm, although the subtemporal approach by Drake
and Peerless6 has been considered to be more appropriate. The problem of incorporating both P1s in the neck
of the aneurysm was solved by application of a fenestrated
clip combined with an additional straight clip.2
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Comments
Aneurysms arising at the bifurcation of the basilar artery
are usually difficult lesions to treat. The narrow surgical
space coupled with the presence of important neural
and vascular structures contributes to the occasionally
dismal results of surgery in that area.
Among the aneurysms that arise at the bifurcation of
the basilar artery, those projecting backward represent
special problems because they are in intimate relationship with the arterial perforators arising at the posterior
aspect of the basilar artery. In that case careful dissection and preservation of arterial perforators is crucial
for the patient’s outcome.
The case presented by the authors brings more difficulties to an already complex surgical problem. The
presence of a hypoplastic left internal carotid artery together with the fact that the left hemisphere was mainly
supplied by the vertebrobasilar system via the left posterior communicating artery could carry ischemic consequences in case of prolonged temporary clipping of the
basilar artery or temporary clipping of the left posterior
cerebral artery. Although difficult to access, the highflow ECA–ICA bypass seemed to be a reasonable option
to supplying an extra blood flow source in case the circulation through the left communicating artery to the left
posterior communicating artery had to be compromised.
The narrow surgical space needs to be enlarged at
times via the sacrifice of the posterior communicating
artery (usually done close to the posterior cerebral
artery to avoid the perforators). The presence of bilateral large posterior communicating arteries is an extra
point to be evaluated when choosing the side of the approach. In this case if the approach were undertaken

from the left side the sacrifice of the left posterior communicating artery would be forbidding.
The choice of the more appropriate route to deal with
such a lesion is a question of the surgeon´s experience
and personal preference. We favor a more extensive approach1 that may or may not include an orbitozygomatic
osteotomy or even the resection of the posterior clinoid
process.2 The possibility of combining several routes in a
single exposure (i.e., the subfrontal, the pterional transsylvian, the pretemporal, and the subtemporal exposures) seems to be more comfortable to the surgeon
because it offers multiple angles of view.
It seems rather difficult to have perfect control of the
arterial perforators arising from the back of the basilar
artery in the case of an aneurysm projecting backward
approached via the pterional perspective. The use of
hemostatic material as a means of preventing entanglement of the perforators seems to be a maneuver to
overcome such difficulty.
The use of bone resection to enlarge the operative
space seems to be appropriate and can be tailored
according to the case. In cases where the anterior clinoid
process is prominent and obstructs the space between
the optic nerve and the internal carotid artery it can be
removed safely intra- or extradurally. In cases of large
aneurysms or in those where the basilar bifurcation is located below the level of the posterior clinoid process
and proximal control is difficult to achieve we favor the
resection of both the anterior and the posterior clinoids
as in the transcavernous approach already mentioned.
Evandro de Oliveira and Helder Tedeschi
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Comments
Professor Yonekawa and colleagues are to be congratulated for the successful surgical management of a very
difficult case. Specific problems in this case could be
summarized as:
1.
2.
3.
4.

Posterior projection and broad base of the aneurysm
The neck of the aneurysm was relatively low-lying.
The right posterior communicating was dominant.
The left internal carotid artery was hypoplastic.

Thus the surgeon is faced with difficulties of a broadbased sac encased with perforators posteriorly in the
interpeduncular fossae.
It is critical for the left P1 segment to be spared because the profusion of the left carotid territory is critically dependent on this vessel. In addition, any episodes
of temporary arterial occlusion will render the left hemisphere ischemic. The solution to this problem executed
by the surgical team included a prophylactic EC–IC bypass on the left, right anterior clinoidectomy for incremental room and inferior exposure, temporary arterial
occlusion, the use of oxycellulose to stent perforators
away from the neck during clipping, and the use of a
fenestrated clip to reach inferiorly and pick up the proximal neck while incorporating the right P1 into fenestration. The aneurysm was finished off with a tandem conventional clip superior to the P1 origin.
Although this approach was entirely successful in this
case, in many situations it is not necessarily the only
route that would have been appropriate. Many posterior
projecting aneurysms like this one can be effectively

dealt with via a subtemporal approach and not infrequently the use of fenestrated clip can even be avoided.
P1 segments typically project slightly anteriorly and
would not be out of harm’s way for a posterior clip
application from due lateral. An approach, which we
have used in recent time, is not significantly dissimilar
from the approach described in this case. The extended
lateral exposure performed from the surgeon’s dominant side is accomplished by mobilizing the mesial
temporal structures out of the incisura as far back as
the peduncle. Once this is achieved a due lateral dissection can be performed to dissect perforators free as
well as apply appropriate clip reconstruction. I rely
heavily on the use of a fenestrated primary clip to incorporate the ipsilateral P1, which is always more inferiorly located than the angiogram suggests. A secondary
conventional clip over the P1 origin then completes the
clip reconstruction.
In particular in a freshly ruptured lesion such as was
presented in this case, the use of a prophylactic EC–IC
bypass in the hemisphere at risk was a very wise idea.
The patient is protected during periods of temporary
occlusion, and, should a tear develop in the neck and
proximal P1 segment on that side, even P1 sacrifice, if
necessary, could be tolerated due to the protection afforded by the bypass.
This patient benefited from a very carefully thoughtout strategy that was flawlessly executed.
H. Hunt Batjer
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16
Management of a Giant Midbasilar Artery
Fusiform Aneurysm
LALIGAM N. SEKHAR AND RAMIN RAK

Diagnosis A giant midbasilar artery fusiform aneurysm
Problems and Tactics In this case we are presenting the case of a young
woman with a newly discovered giant midbasilar artery aneurysm. The
aneurysm was suspected initially on the basis of computed tomographic
(CT) scan, magnetic resonance imaging (MRI), and MR angiogram (MRA)
after an acute onset of syncope. The cerebral angiogram confirmed the
diagnosis of an unruptured giant midbasilar artery fusiform aneurysm.
We discuss the decision-making process and the perioperative management, as well as a detailed description of the surgical technique for cases
similar to the one presented here.
Keywords Giant mid-basilar fusiform aneurysm, superficial temporal to
superior cerebellar artery bypass, distal clipping of the aneurysm

Clinical Presentation
This is a 25-year-old, right-handed female and financial
analyst. She was in her usual state of health when suddenly she developed a sensation of dizziness and blurry
vision at work. She also felt nauseated and lost consciousness for a few minutes. Upon awakening, she had
a generalized weakness with urinary incontinence. No
seizure activities were witnessed at that time. She subsequently developed pounding occipital headaches. She
was taken to a local hospital, where initial CT-scan and
MRI/MRA were performed, revealing a large basal lesion
suspicious for a large skull base tumor versus a basilar
artery aneurysm (Fig. 16-1). There were no signs of subarachnoid hemorrhage.
She then underwent a four-vessel cerebral angiogram
where an unruptured giant midbasilar artery fusiform
aneurysm was found (Fig. 16-2). The aneurysm was partially calcified with mass effect compressing the brain
stem. Both posterior cerebral arteries (PCA) were of

fetal origin. A small P1 segment was present on the
right side only. The anterior inferior cerebellar artery
(AICA) was arising from the basilar artery (BA) near or
in the area involved by the aneurysmal dilatation.

Treatment Strategy
This type of giant fusiform aneurysms are at risk for progressive enlargement and compression of the brain
stem, as well as thrombosis causing large brain stem
stroke. The risk for rupture increases with the enlargement of the aneurysm.
Fusiform aneurysms are generally not good candidates for endovascular coiling. Endovascular stenting
may be possible in the future, but an appropriate stent is
not available at present.
In this case, AICA flow needed to be preserved
through the BA.

77

13830_C16.qxd

2/2/05

78

3:00 PM

Page 78

SECTION 1  Vascular Lesions

FIGURE 16-1 Initial magnetic resonance imaging at the presentation, showing the lesion.

A radial artery graft bypass into the PCA was considered, but this was not thought to be appropriate because
of the minuscule P1 segment. Because of this, we selected a superficial temporal artery (STA) to superior
cerebellar artery (SCA) bypass. Because it was felt that
the aneurysm was thick walled, occlusion of the BA distal
to the aneurysm was elected, allowing the flow to continue through the BA into the AICA.

Surgical Technique
The patient was anesthetized and placed in the supine
position using a radiolucent head holder, with the head
turned 70 degrees to the left side. The course of the
right superficial artery was identified by Doppler, and it
was dissected using the surgical microscope. A C-shaped
incision was started from here and curved retroauricularly
(Fig. 16-3). A temporal and transpetrosal craniotomy

was then performed. A partial labyrinthectomy petrous
apictectomy transpetrosal approach was performed. After
a presigmoid and subtemporal approach with the division of the tentorium, the fusiform BA aneurysm was
exposed medial to cranial nerves (CN) VII and VIII. The
BA distal to the aneurysm was deviated to the contralateral side and was exposed with some difficulty medial to
the CN V. The SCA was dissected on the lateral surface
of the midbrain (Fig. 16-4), and a 1-cm segment free of
perforators was isolated and a small rubber dam placed
under it.
At this point, the distal end of the STA was prepared by
denuding it free from the periadventitial and adventitial
tissues. This distal end was obliquely sectioned to create a
fishmouth orifice of 3 mm in diameter. Heparinized
saline solution was used to flush out the artery blood-free,
whereas the proximal temporary clip was opened and
closed. The SCA was temporarily occluded after burst suppression was accomplished with barbiturates to protect

Craniotomy

Incision
STA

FIGURE 16-2 Preoperative cerebral angiogram showing the
giant midbasilar fusiform aneurysm with mass effect.

Incision

FIGURE 16-3 Drawing of the scalp incision and the craniotomy.
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FIGURE 16-4 Drawing illustrates the intraoperative view of
the aneurysm and surrounding structures.

the brain, and an arteriotomy was created in the SCA.
Using 10–0 sutures, an end-to-side anastomosis was performed between the STA and SCA. After removal of the
clips, there was excellent flow in the graft and antegrade, using a Doppler probe. The total occlusion time
was 55 minutes. Then a Sugita titanium clip No. 16 was
used to occlude the basilar artery just beyond the
aneurysm (Fig. 16-5) with the idea that the aneurysm
would clot off up to the most distal branch, which was
the AICA in this case (Fig. 16-6).
After the closure of the dura, an intraoperative cerebral angiogram was obtained, which showed the
aneurysm was still filling but the bypass graft was patent.
The endoscope was used to visualize the tips of the clip
but was not helpful because the space was very limited. A
careful repositioning of the aneurysm clip to occlude
the basilar artery completely was performed under the
surgical microscope. The intraoperative angiogram was
repeated, which now showed complete occlusion of the
basilar artery just beyond the aneurysm and good filling
of the AICAs (Fig. 16-7). In addition, there was excellent filling into the BA through the graft and into both
SCAs. There was also some filling into the BA from the
internal carotid artery (ICA) through the posterior communicating artery (PCoA). Based on these, we decided
not to perform a radial artery graft to the posterior cerebral artery (PCA) because there appeared to be good
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FIGURE 16-5 Drawing illustrates the intraoperative view
after clipping of the aneurysm and the bypass, as explained in
the text.

FIGURE 16-6 This figure schematically illustrates the basilar
artery aneurysm thrombosed after clipping. Note the superficial
temporal artery to superior cerebellar artery (STA–SCA)
anastomosis for bypass.

13830_C16.qxd

2/2/05

80

3:00 PM

Page 80

SECTION 1  Vascular Lesions

FIGURE 16-7 Intraoperative angiogram showing complete
occlusion of the basilar artery just beyond the aneurysm and
good filling of the anterior inferior cerebellar arteries.

FIGURE 16-8 Postoperative angiogram shows complete
occlusion of the aneurysm and patency of the superficial
temporal artery to superior cerebellar artery (STA–SCA) bypass.

flow into the distal BA from both natural collaterals as
well as the surgically created collateral (bypass).
At the end, the dura matter was closed, but not in watertight fashion, and reconstructive surgery was performed for closure.

to a variety of causes. They may be atherosclerotic; they
may arise from saccular aneurysms; they may arise due
to previous dissection that weakens the walls, and they
may also be due to infections. These aneurysms rarely
may have a sac, so clip reconstruction may be possible;
however, in the vast majority of cases, some type of basilar
occlusion is necessary to treat the aneurysm. Whether or
not the BA can be safely occluded depends on the competency of the collateral circulation, particularly in regard
to the PCAs. On the basis of Dr. Charles Drake’s experience, it has been found that if both PCAs are of adequate
caliber and can be demonstrated to fill the upper BA during the Allcock test, then the BA can be occluded below
the aneurysm.1,2 Today, endovascular occlusion is possible
in such cases. Of course, if the patient has an anatomical
anomaly such as bilateral fetal PCAs, as was the case in
this patient with a very minute P1 segment, then such an
endovascular occlusion is not feasible.
In patients who have poor collaterals, some type of
bypass procedure will be necessary to divert the flow
before BA occlusion is performed.3–7
The following types of bypass procedures can be performed:

Postoperative Course
The patient was extubated in the recovery room and hemodynamically remained stable. Except for some dizziness, she did not have any other significant complaints.
On neurological examination, she had a right IV cranial
nerve palsy causing double vision as well as a mild rightsided hearing loss. No other deficit was noted on the
examination. She was placed on Plavix 75 mg, once a day.
Follow-up cerebral angiogram 3 months postoperatively showed no evidence of aneurysm filling, with patency of the STA–SCA bypass graft (Fig. 16-8). This was
unchanged compared with the preceding intraoperative
angiogram.
The patient’s postoperative examination at 6 month
follow-up showed some improvement in the right hearing
and the double vision was corrected using prism glasses.
She was back to her regular daily activities. She will continue on Plavix for a period of 1 year postoperatively.
The patient ran a 5 kilometer race and got married
3 months after the operation. She also returned to work
full time.

Key Points
This was a very difficult case of midbasilar fusiform
aneurysm. Midbasilar fusiform aneurysms may arise due

1. Radial artery or saphenous vein graft into the PCA
from the vertebral artery (VA) or from the external
carotid artery (ECA).
2. STA to SCA bypass.
3. Direct vein graft into the BA under deep hypothermic circulatory arrest.
In this particular case, we elected to perform the STA to
SCA bypass because of the tiny P1 on one side and absent
P1 on the other side due to bilateral fetal circulation.
In the end, however, the patient did get some contribution to the collateral circulation from the PCA of the
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right side. Even though we had planned double bypasses,
we only performed a single bypass at the end because
flow through the bypass was very good.
The approach to the aneurysm and bypass was very
critical. The STA dissection was performed at the
beginning of the approach and the incision for the petrosal approach was carefully planned such that the flap
would not be devascularized. This was feasible because
the STA was dissected first. The transpetrosal approach
with partial labyrinthectomy and petrous apicectomy
(PLPA approach) provides an excellent exposure of
these kinds of aneurysms; however, in this case, in
spite of this approach, the distal BA, as it emerged
from the aneurysm, was just barely visible because it
originated on the site contralateral to the surgeon’s
approach. Neuroendoscopy may be useful for the
occlusion of such aneurysms, but, in this patient, the
space available was very limited. At the end, we were
able to position the clip appropriately under direct
microsurgical vision.
Endovascular occlusion of the BA was considered;
however, the interventional neuroradiologist did not
feel it was safe.
Another critical point in this case was that the origin
of the AICA was from the lower portion of the base of
the aneurysm. For this reason, only distal occlusion was
performed, which allowed a small amount of blood to
go through into the AICA and maintain its patency without destroying the patient’s hearing or causing other
neurological problems.
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An endovascular stent procedure may be possible in
such cases in the future; however, in such a case, the
AICA may end up being occluded.
Potential complications of such an operation include
failure of the bypass graft, the occurrence of coma and
death due to thrombosis of perforators, and cerebrospinal
fluid leakage. Fortunately, none of these occurred in this
patient.
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Comments
The authors reported on a giant midbasilar artery fusiform
aneurysm with excellent result, which is one of the most
complicated and challenging cerebrovascular diseases.
The aneurysm seems to be inoperable, but with distal
occlusion of the basilar artery with vascular reconstruction of the right STA–SCA bypass, the aneurysm
disappeared on an angiogram with a patent AICA.
Postoperative administration of antiplatelet may be a
key issue, which acts for preventing thrombus formation
extending to the origin of the AICA. If the AICA is large
enough for such vascular reconstruction as occipital
artery (OA)-AICA anastomosis, complete trapping can
be achieved; however, it must be quite difficult. Regarding perforating arteries from the basilar artery, they

might be occluded with a long-standing period while the
thrombosed aneurysm grew.
Because the aneurysm presented here is a thrombosed one, symptoms might be due to ischemia or brain
stem compression, or both. During the long-term followup, no one can deny the possibility that the aneurysm
could enlarge by being fed from the vasa vasorum of the
proximal vertebral arteries and lower basilar artery.
In any sense, however, the authors are to be congratulated on the excellent result of the patient harboring a
quite complicated vascular disease with careful perioperative management as well as technical expertise.
Kazuhiro Hongo and Shigeaki Kobayashi
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17
Basilar Trunk Aneurysm_
Retrolabyrinthine Approach
DAE HEE HAN AND CHANG WAN OH

Diagnosis Basilar trunk aneurysm
Problems and Tactics A basilar trunk aneurysm at the origin of the anterior inferior cerebellar artery was identified as the cause of subarachnoid
hemorrhage. The aneurysm was safely secured using the retrolabyrinthine
presigmoid approach and a satisfactory outcome was obtained.
Keywords Basilar trunk aneurysm, retrolabyrinthine approach

Clinical Presentation
This 42-year-old woman complained of a suddenly developed headache, accompanied by nausea and vomiting.
She had no previous history of illness. Computed
tomography (CT) showed subarachnoid hemorrhage
involving the basal cistern and the sylvian fissures bilaterally (Fig. 17-1). Intraventricular hemorrhage was also
noted in the fourth ventricle. Vertebral angiograms
revealed an aneurysm in the midbasilar trunk and at the
origin of the anterior inferior cerebellar artery (AICA)
(Fig. 17-1). The aneurysm projected toward the right
side and in a posterior direction.

Surgical Technique
A lumbar drainage catheter was inserted after inducing
general anesthesia. The patient was placed in the supine
oblique position. A curved incision was made behind the
ear, from the posterior temporal area to the tip of the
mastoid process. A craniotomy, including the right temporal and suboccipital regions, was performed after making four burrholes, as described previously.1 The lateral
and sigmoid sinuses were exposed. An L-shaped mastoidectomy was performed using a high-speed drill with
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continuous irrigation. The anterior border of the mastoidectomy was a curved line from the external auditory
meatus to the mastoid tip, and the superior border was
perpendicular to the anterior border, starting from the
zygomatic root.2 Exposed air cells were occluded with
bone wax to prevent cerebrospinal fluid leakage. Bone
bleeding was also controlled with bone wax. The sigmoid
and distal lateral sinuses were uncovered, and Citelli’s
angle, which identifies the position of the superior petrosal sinus (SPS), was exposed. Bone was removed over
these sinuses using gentle strokes, leaving a thin bony
shell over the sinuses that prevented sinus laceration.
A mastoid emissary vein was controlled with a bipolar
coagulator near its entrance to the sigmoid sinus. Posterior petrous bone was removed while preserving the
labyrinthine structure and the fallopian canal. Presigmoid dura in Trautmann’s triangle was exposed between
the bony labyrinth and the sigmoid sinus (Fig. 17-2).
A linear dural incision was made 5 mm anterior to the
sigmoid sinus, extending up to the SPS (Fig. 17-2). A
linear dural incision was also made in the temporal
region, extending down to the SPS. The SPS was divided
after hemoclip placement.
With gentle retraction of the temporal lobe and cerebellar hemisphere the tentorium was exposed and incised 10 mm behind the SPS along the petrous ridge
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and up to the incisura. To avoid damage to the trochlear
nerve the tentorial incision was made posterior to the
dural entry of this nerve.
The basilar trunk was visualized between the seventh
and eighth cranial nerve (CN) complex and the lower
CNs after retraction of the lateral pons. The abducens
nerve was encountered, running obliquely in a rostral
direction below the seventh and eighth CN complex. After gentle dissection around the distal basilar trunk, a
temporary clip was applied (Fig. 17-2). The aneurysm
was identified between the fifth CN and the seventh and
eighth CN complex, at the origin of the AICA. The neck
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FIGURE 17–1 Preoperative computed tomography and angiograms show (A) a dense subarachnoid hemorrhage, and
(B,C) an aneurysm in the midbasilar trunk, projecting toward
the right side and in the posterior direction.

of the aneurysm was delineated by gentle dissection, and
direct neck clipping was possible using a 9-mm straight
Yasargil clip (Fig. 17-3).

Outcome
The postoperative CT revealed epidural hematoma at
the right temporal region. After hematoma evacuation,
the patient’s status was good. The postoperative angiogram showed satisfactory clipping of the aneurysm
(Fig. 17-3).
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Key Points
Basilar trunk aneurysm is a rare and formidable challenge for neurovascular surgeons because of the proximity of highly vulnerable neural structures, such as
the brain stem and CNs. Several lateral approaches,
such as the anterior transpetrosal, the retrolabyrinthine–
transsigmoid, and the combined supra/infratentorial–
posterior transpetrosal approaches, have been used to
gain access to this lesion.
Among the transpetrosal approaches, the retrolabyrinthine approach is the least invasive and has the
following advantages1: minimal cerebellar and temporal
lobe retraction is required 2; it allows a flat and tangential approach to the clival and juxtaclival regions
(including the basilar trunk and vertebrobasilar junction) parallel to the CNs3; the neural and otological
structures, including the cochlea and vestibular and

FIGURE 17–2 (A) After petrosectomy, the presigmoid dura is
exposed between the bony labyrinth and the sigmoid sinus. (B)
A linear dural incision is made anterior to the sigmoid sinus and
in the temporal region, extending to the superior petrosal sinus.
(C) The basilar trunk is visualized between the seventh and
eighth cranial nerve complex and the lower cranial nerves. The
abducens nerve is running obliquely in a rostral direction. After
gentle dissection around the distal basilar trunk, a temporary clip
is applied.

facial nerves, are preserved4; the lateral and sigmoid
sinuses, as well as the vein of Labbé and the basal occipital
veins, are preserved.1,3
A transcrusal approach has been reported. In this
approach, the posterior and superior semicircular canals
are sacrificed while preserving hearing4; however, we
have no experience with this approach.

Side of Approach
In our case, the basilar trunk was tortuous, with the
aneurysm arising from the convex surface of the basilar
artery. The origin of the aneurysm was off the midline
and shifted to the right side. The direction of the fundus
was also right sided, along the axis of the proximal basilar artery. We therefore approached from the right side
because this allowed a more direct access and reduced
the depth of exposure.
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FIGURE 17–3 (A) After temporary clipping the aneurysm (An.)
is seen through the space above the seventh and eighth cranial
nerve complex. (B) Clipping is done and the aneurysm looks

collapsed. (C) After clipping of the aneurysm, the anterior inferior
cerebellar artery is shown just distal to the aneurysm (arrow).
(D) Postoperative angiogram shows completeness of clipping.

Petrous Bone Removal

divided. When retracting the temporal lobe, care should
be taken to preserve the vein of Labbé, but when retracting the cerebellar hemisphere the superior petrosal vein
may be safely sacrificed. To avoid damage to the trochlear
nerve the dural entry of this nerve should be identified
and the tentorial incision be made posterior to this entry.

During this procedure great care was taken to preserve
the integrity of the semicircular canals, especially that of
the posterior semicircular canal, which presents the
highest risk of being injured during the drilling of the
posterior petrous bone. In addition, it should be noted
that the vestibular aqueduct should be preserved. On
following the vestibular aqueduct to the presigmoid
dural surface, the endolymphatic sac is observed as a
whitish, thickened area of dura.2 The endolymphatic sac
should be the inferior limit of the dural opening for the
integrity of the endolymphatic sac to be maintained.

Incision of the Tentorium
Using this presigmoid approach the sigmoid sinus was
not sectioned and only the SPS and the tentorium were

Clipping of the Aneurysm
For temporary clipping, the proximal basilar trunk was
manipulated. Injury to perforators should be avoided.
To obtain safer proximal control a temporary balloon
occlusion may be used5 if intraoperative angiography
and assistance of an expert interventionist is available.
The jaws of the clip applier can sometimes be an obstacle to viewing the tips of the clip at the time of application. A very fine-tipped clip applier and bayonet-style
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clips may provide a solution to this problem6; otherwise,
the surgeon may use a longer aneurysm clip and apply
only the tips of the clip to the aneurysm neck. In our
case, a 9-mm straight clip safely secured the aneurysm.
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Comments
This report by Drs. Han and Oh well describes important technical points of the combined transpetrosal
approach with preservation of the vestibular apparatus. This approach is certainly appropriate for clipping of midbasilar arterial aneurysm such as the one
arising from the junction of the AICA, and particularly useful for the case where the basilar artery swings
to either side. I congratulate the authors for the excellent result of the operation. For the operation of giant
basilar trunk aneurysms, where the wider angle from
the lateral side and shallower operative field are necessary, a translabyrinthine bony dissection would be
required. As a small tip for a better cosmetic result: we
remove the outer layer of the bone at the mastoid
process as a single piece and replace it over the
drilled mastoid process. It prevents postoperative indentation at mastoidectomy.

I personally prefer the anterior transpetrosal approach in
cases of basilar AICA aneurysms. The approach consists of
a linear scalp incision (10 cm) in front of the ear, a small
temporal craniotomy, drilling of the anterior petrous bone
at the Kawase triangle, and incision of the tentorium, superior petrosal sinus, and the dura of the posterior surface of
the drilled pyramid. It is particularly useful when the basilar artery is more or less in the midline, and the trajectory
of the operative field would be more appropriate to see the
neck of the aneurysm through the subtemporal transpetrosal route. The basilar artery can be seen down to the
union of the vertebral artery. The space to introduce the
clip holder is wider and the aneurysm is seen at the space
between the fifth, seventh, and eighth cranial nerves and
the neck is usually perpendicular to the clip holder.
Kazuo Hashi
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Combined Endovascular and Surgical
Treatment of a Large Basilar Trunk
Aneurysm in a Child
PASCAL JABBOUR, MICHAEL HANDLER, DANIEL HUDDLE, AND ISSAM A. AWAD

Diagnosis Distal basilar trunk aneurysm
Problems and Tactics A large aneurysm of the distal basilar trunk was
diagnosed in an 11-year-old child who presented in good condition after
subarachnoid hemorrhage. The case presented particular challenges
because of brain stem perforator arteries arising at and likely incorporated
in the broad aneurysm neck. Acute endovascular procedure allowed partial
obliteration of the aneurysm sac and protection from early rebleeding. This
was followed after 1 week by therapeutic test occlusion, and successful
aneurysm occlusion by hunterian clipping of the basilar artery via presigmoid retrolabyrinthine approach with preservation of hearing.
Keywords Large basilar aneurysm, endovascular coiling, surgical clipping,
parent vessel occlusion, presigmoid retrolabyrinthine approach

Clinical Presentation
This previously healthy 11-year-old boy presented with a
sudden onset of severe headache, nausea, and vomiting.
He had fallen during a soccer game without losing consciousness 3 days prior to his admission, and following
this fall he had a headache that resolved completely. He
was doing fine until 1 day prior to his admission when he
had a sudden onset of severe headache in the middle of
a “screaming fit.” He became lethargic and developed a
progressively worsening headache, vomiting, and neck
stiffness.
At initial examination he was awake, alert, and oriented, with a Glasgow Coma Scale of 15 showing that
cranial nerves were intact. No motor weakness or sensation alteration were found and cerebellar functions
were normal.

The brain computed tomographic (CT) scan showed
subarachnoid blood in the prepontine cistern, with a
small amount of blood in the third and fourth ventricles
(Fig. 18-1A). The magnetic resonance imaging (MRI)
and magnetic resonance angiogram (MRA) showed a
large aneurysm of the distal basilar artery (Fig. 18-1B).
A four-vessels angiogram was performed on the day of
admission and showed a large aneurysm (~2 cm in maximal dimension) in the upper third of the basilar artery
and pointing to the right, with a wide neck (Fig. 18-1C).
There were prominent brain stem perforator arteries
arising at the aneurysm neck, best seen with threedimentional (3D) digital angiograhic views (Fig. 18-2A).
The basilar artery filled solely from the left vertebral
artery, while the right distal vertebral artery appeared
atretic, terminating in the right posterior inferior cerebellar artery.
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Therapeutic Technique
First Intervention: Endovascular
Protection from Early Rebleeding
A partial endovascular coiling was performed at the day
of admission with seven Guglielmi detachable coils
(GDCs) placed in the distal sac of the aneurysm, intentionally stopped with subtotal coiling to avoid compromise of the basilar artery. The patient was maintained on

B

FIGURE 18–1 (A) Brain computed tomographic scan without
contrast showing the subarachnoid blood in the prepontine cistern and the fourth ventricle. (B) Sagittal T-1weighted magnetic
resonance imaging showing the large aneurysm. (C) Angiogram, anteroposterior view, showing the large aneurysm in
the upper third of the basilar artery, pointing to the right, with a
wide neck.

heparin, extubated, and observed in the critical care
unit. After the coiling, during the night the patient developed a left hemiparesis with lethargy. The heparin
was stopped and a ventriculostomy was placed, and the
patient regained full consciousness but remained hemiparetic. Two days after the coiling another cerebral angiogram revealed no interval growth of the aneurysm
(Fig. 18-2B). The patient continued to improve with
slowly resolving hemiparesis but no other apparent neurological deficit.
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B

FIGURE 18–2 (A) Three-dimensional digital angiographic view showing the large aneurysm with a prominent perforator close to the neck.
(B) Cerebral angiogram at day 2 postcoiling showing the residual
neck. (C) Schematic drawing showing the presigmoid retrolabyrinthine
approach.

Second Intervention: Endovascular
Balloon Test Occlusion

including basilar artery branches down to the anterior
inferior cerebellar arteries.

Seven days after the admission and initial endosaccular
coiling, a cerebral angiogram was repeated with the
patient awake. There was no evidence of vasospasm. An
endovascular balloon occlusion test of the left vertebral
artery showed a persistent filling of the basilar artery
from the atretic right vertebral artery. The balloon was
advanced to the vertebrobasilar junction where its inflation blocked all antegrade flow into the basilar artery.
The test occlusion was well tolerated clinically under full
anticoagulation, with a judicious hypotensive challenge
to systolic pressure of 90 mmHg. Simultaneous carotid
angiography revealed filling of the distal basilar artery
trunk through the posterior communicating arteries,

Third Intervention: Presigmoid
Retrolabyrinthine Approach, with Clip Ligation
of the Proximal Basilar Artery (Fig. 18–2C)
The patient was placed in a supine position, and the
head was held in a Mayfield head holder turned to the
right, with the left ear up. Intraoperative brain stem
evoked potential monitoring was performed. A J-shaped
postauricular incision was made, ending behind the
mastoid process. Mastoidectomy was performed, with
unroofing of the sigmoid sinus and presigmoid dura
from the superior petrosal sinus to the jugular bulb. The
bony labyrinth and middle and inner ear structures were
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preserved except for the posterior semicircular canal. A
small middle fossa craniotomy was then performed. The
dura of the middle fossa was opened toward the superior
petrosal sinus, anterior to the sigmoid transverse junction. The superior petrosal sinus was divided following
clip ligation. The tentorial leaflet was then cut half way
toward the incisura, the sigmoid sinus could then be retracted backward, and the pontine cistern was entered
between the seventh and fifth cranial nerves. A small
corridor could easily be developed toward the lower
basilar trunk. A 20-mm straight Sugita MRI-compatible
clip was directly applied through this space on the basilar trunk while ensuring that it was not compromising
the anterior inferior cerebellar artery and several visible
basilar perforator branches. There was no change in
vitals signs or brain stem evoked potentials. The dura was
closed with a duragen patch and fibrin glue, and abdominal fat was harvested for obliteration of the presigmoid
transpetrosal space. Closure of the flap was performed
in layers.

spell of worsening left hemiparesis without cranial neuropathies or other neurological signs. The MRI, including diffusion imaging, and MRA did not show any new
abnormalities or interval changes, and it was assumed
that the patient had suffered a perforator-related ischemic event. Dipyridamole (persantin) was added to the
daily aspirin regimen. At 4 months postoperatively there
have been no further setbacks, and hemiparesis continues to resolve.

Outcome

Option of Primary Surgical Management

The patient was extubated at baseline neurological condition, with mild hemiparesis as preoperatively, and no
other cranial neuropathy of neurological deficit. He had
preserved hearing in the ipsilateral ear. The external
ventricular drainage was gradually tapered and removed. The postoperative cerebral angiogram showed
no antegrade filling of the basilar artery or aneurysm.
There was retrograde flow into the basilar artery upon
carotid injections, without filling of the aneurysm sac
(Fig. 18-3). The patient continued to improve on daily
aspirin prophylaxis. Two months later he had an acute

Surgery alone could be considered for primary aneurysm
deconstruction, but it would require translabyrnthine or
transcochlear exposure, with sacrifice of hearing. There
would also be a significant chance of compromise to adjacent brain stem perforating arteries.2 The broad neck
of the aneurysm and antecedent history of trauma
would suggest a possible arterial dissection as etiology,
and hence a question about the stability of clip reconstruction of the aneurysm neck. Such an approach
would be favored if the patient could not tolerate parent
vessel test occlusion because of incompetent posterior
communicating arteries.

Key Points
This is a complex case, with a ruptured, wide-necked,
large aneurysm at the distal basilar trunk in a child. The
aneurysm is associated with prominent perforating arteries at the aneurysm neck, clearly visible on 3D angiography, in a segement of basilar artery normally thought
of as perforator free. Untreated, such aneurysms have a
dismal natural history.1

Option of Primary Endovascular
Management

FIGURE 18–3 Postoperative carotid angiogram showing the
retrograde flow in the basilar artery without filling of the
aneurysm sac.

The options of endovascular treatment alone were also
suboptimal. It was clear from the onset that endosaccular occlusion with GDCs alone would not obliterate the
aneurysm without significant risk of compromise of the
parent vessel, associated perforators, and potentially
the basilar caput. Stenting of the basilar artery was not
chosen because of the short distance between the distal
aneurysm neck and the basilar caput, again risking catastrophic occlusion of the distal basilar artery. Endovascular balloon or coil occlusion alone was not chosen
because of the unique anatomy at the vetebrobasilar
junction, requiring occlusion of the basilar artery itself,
and risking occlusion of anterior inferior cerebellar
arteries and other perforators. A balloon or coil occlusion
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of the parent vessel at the aneurysm neck would also risk
compromise of prominent perforators or the basilar
caput. Parent vessel occlusion alone is not considered in
the acute state except in distal territories because subsequent vasospasm would lead to catastrophic ischemic
consequences. It would also eliminate future options of
endovascular treatment of spasm.

Strategy of Combined
Treatment Modalities
A preliminary step of endosaccular coiling was performed knowing that definitive aneurysm obliteration
was not possible due to the wide neck of the aneurysm
and a major risk of occluding the basilar artery or associated perforators. The objective of this coiling was to partially obliterate the sac and minimize the risk of acute
rebleeding, allowing time to prepare and execute
Hunterian treatment and also to enhance the chance of
aneurysm obliteration with subsequent parent vessel
occlusion.
A Hunterian strategy has been advocated for complex
basilar artery aneurysms, with the aim of reversing flow
in the parent vessel and removing hemodynamic stress
from the inflow zone of the aneurysm.1,3 This alteration
in flow has been widely accomplished by proximal parent vessel occlusion. Unlike distal parent vessel occlusion, trapping, or direct aneurysm deconstruction, it
also minimizes the risk to perforating vessels at the
aneurysm neck. The safety of this technique depends on
the assessment made by the application of temporary
balloon occlusion.1,3 Obliteration of the aneurysm sac
after parent vessel occlusion may be further enhanced
by partial endosaccular coiling.

Approaches to the Distal Basilar Artery
Following successful delayed parent vessel test occlusion, it was decided to proceed with surgical Hunterial
clip occlusion of the parent artery. This was felt to offer
an advantage over endovascular occlusion by precise
clip application and sparing of adjacent branches and
perforators.
Many surgical approaches have been adopted to access the basilar trunk. The pterional orbitozygomatic
route has been widely used to access high basilar
aneurysms.4 In this case, access to the basilar trunk below the aneurysm via such an approach would have been
difficult. Subtemporal and half-and-half approaches,
with tentorial splitting, may provide access to the basilar
artery below this aneurysm, but the view of associated
perforators and proximal control would not have been
optimal.
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The transpetrosal approach provides unfettered
access to the basilar trunk and petroclival region.5 Its most
common variation, the presigmoid translabyrinthine
approach, gives a wide access to the basilar trunk but
with an acceptance of deliberate sacrifice of hearing in
the ipsilateral ear. It can be further expanded using the
transcochlear technique, with further trouble with dysequilibrium in addition to hearing loss. We favor such
approaches in cases of desired wide exposure for direct
aneurysm neck reconstruction—as when a patient cannot
tolerate parent vessel test occlusion.
Our goal was to clip the basilar artery proximal to the
aneurysm. A wide exposure was not indispensable to
achieve this objective. That is why we adopted the presigmoid retrolabyrinthine approach with its advantage,
preserving the bony labyrinth (except the posterior semicircular canal), and achieving hearing preservation.5

Conclusion
Large wide-necked aneurysms of the posterior circulation present unique therapeutic challenges. A wide
range of treatment options, endovascular and surgical,
may be applied, alone or in combination. A complex
decision-making paradigm seeks to integrate unique
pathoanatomic challenges of each individual case, while
weighting the risks and advantages of each therapeutic
option.

Clinical Update
We wish to provide a clinical addendum to the case
regarding relevant clinical developments since we submitted the manuscript.
Eight months after the original surgery for basilar
artery occlusion, a surveillance MRI scan documented
enlargement of the aneurysm sac. This was verified by
cerebral angiography, revealing recanalization of the
aneurysm and robust filling from above via both posterior communicating arteries. The patient was asymptomatic and did not even complain of headache. He had
remained on antiplatelet therapy.
We considered all options with several colleagues.
Endovascular interventions described earlier for further
coiling or stenting were limited and deemed too risky.
Surgery for direct aneurysm reconstruction was deemed
unfeasible due to fusiform involvement of the parent
vessel and visible pontine perforators near the aneurysm
neck. Trapping was deemed too risky because of fear of
basilar artery thrombosis. We decided to perform a clip
occlusion of the larger P1 segment, under direct microsurgical vision, sparing perforators, and eliminating one
posterior communicating artery inflow into the basilar
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summit. This procedure was performed via a transsylvian approach and was well tolerated except for transient third nerve paresis, related to the approach, which
has since recovered.
The patient has done very well since then, remaining
fully functional and doing well in school. At last evaluation 18 months after the second surgery (26 months
after his subarachnoid hemorrhage), he has had no new
neurological symptoms or signs, and is neurologically intact except for very subtle residual hemiparesis, much
better than preoperatively.
There is not a single best approach to such a problem,
and all interventions are judged based on retrospective
accounts of success or failure. This patient has done very
well to date with deliberate multidisciplinary decision
making, despite a very difficult problem. We hope that
this aneurysm has stabilized and will ultimately involute,
having decreased its distal inflow. If it grows further by
continued filling from the remaining posterior communicating artery source, we will consider clip plication to
partially stenose the basilar summit with intraoperative
angiographic control.
All management options were associated with significant risk at every stage of this illness. Treatment deci-

sions in such cases are best guided by careful consideration of disease pathobiology, and by weighing the relative benefits and risks of each treatment option. Unorthodox strategies occasionally can result in better
outcome than more risky and apparently more definitive interventions.
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Comments
Dr. Jabbour is congratulated for describing his excellent treatment strategy for a complicated basilar trunk
aneurysm. He described details of the treatment strategy
with intentionally partial coil embolization of the aneurysm
and presigmoid retrolabyrinthine approach for proximal
occlusion of the basilar artery. The nature of the aneurysm
would be a dissecting aneurysm as he pointed out. Coil
embolization with stenting is another option for treatment.
We agree with his choice of proximal occlusion of the

basilar trunk with a clip. He occluded the basilar artery 1
cm proximal to the proximal neck of the aneurysm. We prefer the proximal occlusion just proximal to the aneurysm
neck to minimize the retrograde blood flow into the
aneurysm. At any rate, treatment of this kind of aneurysm is
highly difficult because of the perforating artery to the
brain stem branching from the aneurysm body.
Yuichiro Tanaka and Shigeaki Kobayashi
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Partially Thrombosed Giant Dissecting
Aneurysm of the Vertebral Artery_
Treatment Strategies
HIROTOSHI SANO, RAMESH BABU, YOKO KATO,
SACHIKO YAMAGUCHI, AND TETSUO KANNO

Diagnosis Partially thrombosed giant dissecting aneurysm of the vertebral
artery
Problems and Tactics
Keywords Aneurysms, vertebral artery, arterial reconstruction, clipping

Clinical Presentation
A 56-year-old woman was admitted to a local hospital
with history of sudden onset, headache and vomiting.
She had developed giddiness a few days prior to this episode. Computed tomographic (CT) scan of the head
done at the local hospital showed subarachnoid hemorrhage predominantly involving the right cerebellopontine
angle. She was conscious but lethargic at the time of
admission to our center. The Glasgow Coma Scale was
14 (3,5,6). Digital substraction angiography (DSA) demonstrated a dilated vertebral artery (VA) on the right
side with a giant partially thrombosed aneurysm, which
was confirmed by three-dimensional computed tomographic angiography (3D-CT) (Fig. 19-1).
The patient was taken to surgery, which was performed in the left lateral position. The VA was exposed
through the right lateral suboccipital craniotomy. The
dilated vasa vasorums could be seen on the surface of
the VA. The giant aneurysm of VA was gray in color suggestive of a dissecting aneurysm with an intramural
thrombus.
Temporary clipping of the proximal VA was done initially, followed by temporary clipping of the distal VA
with the help of an endoscope (Fig. 19-2).

The aneurysm was then opened and thrombectomy
carried out. The thrombus was found to be attached to
the aneurysm wall and was within the aneurysm. The
aneurysmal cavity was examined using the endoscope,
which revealed that the lumen of the VA was normal and
only the dissecting portion contained the thrombus.
The aneurysm and arterial reconstruction were clipped
using a curved fenestrated clip and a curved nonfenestrated clip. Clip placement was checked using the endoscope and good blood flow was confirmed by intraoperative Doppler. The fenestrated clip were used to avoid
inadequate closure of clipblades due to the presence of
thickwall and thrombus.
Postoperative recovery was uneventful and the patient
was discharged without any neurological deficits. A postoperative angiogram showed good arterial reconstruction of the VA with mild dilation (Fig. 19-3).

Discussion
Giant aneurysms1–14 of the VA pose a formidable challenge
to the vascular surgeon as well as to the endovascular
surgeon. It is imperative that the attending surgeon considers all the treatment options.
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A

B

FIGURE 19–1 (A) Digital subtraction angiography showing a
dilated right vertebral artery with an aneusysm. (B) Threedimensional computed tomographic angiography showing a

A

partially thrombosed giant aneurysm on the right dilated
vertebral artery.

B

FIGURE 19–2 (A) Operative view of the right lateral suboccipital approach showing the giant vertebral aneurysm. (B) The vertebral artery was reconstructed with clips after thrombectomy.
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C

FIGURE 19–2 (Continued) (C) Endoscopic view of the vertebral artery after thrombectomy showing the aneurysm wall
was dissected; however, the vertebral artery is intact and

95

D

there was no dissection. (D) The aneurysm was clipped and
this endoscopic view shows good arterial reconstruction; the
adventitia has many vasa vasorum.

A

B

FIGURE 19–3 Operative schema showing (A) pre- and (B) postclipping. Angiography showing the vertebral artery is dilated but
nicely reconstructed.
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Let us consider the option of simple trapping of the
aneurysm with permanent occlusion of the VA. Several
factors, including the age of the patient, cross-circulation
from the contralateral VA, and the position of major
branches of the VA in relation to the aneurysm, must be
considered before proceeding with the occlusion of the VA.
The second option would be a neuroradiological
interventional procedure by which the coiling of the
aneurysm is combined with stenting of the VA; however
coiling of a dissecting aneurysm with partial thrombosis
is considered difficult if not impossible. Moreover,
3 years ago when this patient was managed, intravascular
stents were not in vogue; however in the present scenario, with the advancement in stent designs and
detachable coils, stenting combined with coiling may be
considered as a worthwhile option.
The third option of clipping the aneurysm with arterial reconstruction was adopted for this patient. After
entrapping of the aneurysmal segment between tmentrary clips, the aneurysmal wall must be opened up for
thrombectomy and inspection of the cavity and lumen
of the VA. Endoscope is particulary useful at this step. In
the present case the normal endothelial lumen was confirmed by endoscope prior to arterial reconstruction
using fenestrated clips.
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Comments
The authors have described an elegant and successful
treatment strategy for a challenging cerebrovascular
anomaly. The menu of treatment options for dealing
with giant dissecting aneurysms of the VA is well outlined by the authors, and their rationale for selecting
their approach is justified by the excellent result. In particular, I found use of an endoscope in managing this
aneurysm to be innovative and novel. The use of tandem
clipping with fenestrated and nonfenstrated clips is a
useful adjunct in treating broad-necked aneurysms, particularly in the presence of a thick wall that may not
remain closed with a single clip. The closing pressure of
an aneurysm clip decreases along the shaft of the blades.
Tandem clipping increases that closing pressure.

As discussed by the authors, I believe this aneurysm
could have been treated by endovascular or surgical trapping, given the large caliber of the contralateral VA. In a
56-year-old patient, however, I believe it is highly desirable
to maintain patency of the parent artery if at all possible.
I also agree with the authors that these are the types of
lesions that will become readily amenable to endovascular techniques with the development of smaller and
more flexible endovascular stents. This may ultimately
become the ideal treatment for dissecting aneurysms to
obliterate the aneurysm and reconstruct the lumen of
the parent artery.
Daniel L. Barrow
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Collateralization via Vasa Vasorum:
A Determinant of Therapeutic Efficacy of
Coil Embolization of the Thrombosed Giant
Aneurysm of the Vertebral Artery
KOJI IIHARA, KENICHI MURAO, NOBUYIUKI SAKAI, AND IZUMI NAGATA

Diagnosis Thrombosed giant vertebral artery
Problems and Tactics A case of a partially thrombosed giant aneurysm
of the vertebral artery was presented. Despite no angiographic evidence of
filling after endovascular treatment, the aneurysm continued to enlarge.
Aneurysmectomy with removal of the coils resulted in a complete cure of
symptoms. Intraoperative and histological findings suggested that neovascularization via vasa vasorum on the occluded vertebral artery provided a
collateral supply to the unorganized thrombus in the aneurysm lumen, causing
enlargement of the aneurysm.
Keywords Thrombosed giant aneurysm, vertebral artery, coil embolization,
vasa vasorum

Clinical Presentation
A 58-year-old female presented with a progressive
swallowing disturbance, dysarthria, and truncal ataxia.
T1-weighted magnetic resonance imaging (MRI) showed
a giant thrombosed aneurysm compressing the brain
stem, with a hyperintense area indicating the presence
of a subacute clot within the aneurysm (Fig. 20-1A).
On a fluid-attenuated inversion recovery (FLAIR)
image, there was extensive edema in the brain stem
(Fig. 20-1B). The right vertebral angiogram showed a
small patent aneurysm lumen located immediately distal
to the origin of the posterior inferior cerebellar artery
(PICA) (Fig. 20-1C). The patient underwent endosaccular obliteration with occlusion of the parent artery
and PICA using Guglielmi detachable coils (GDCs),
resulting in complete angiographical obliteration of the

aneurysm (Fig. 20-2A). Despite temporary relief of her
symptoms and no evidence of recanalization on angiography, the aneurysm continued to enlarge with aggravation of surrounding brain stem edema (Fig. 20-2B)
and recurrence of her symptoms, necessitating surgical
treatment.

Surgical Technique
The patient underwent a right suboccipital craniectomy
and thrombectomy followed by partial aneurysmectomy.
Of note, a markedly developed vasa vasorum was seen
on the proximal vertebral artery (VA) and aneurysmal
neck packed with coils (Fig. 20-3A). The aneurysmal
wall near the neck also received an arterial supply from
small branches of the right anterior inferior cerebellar
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FIGURE 20–1 A partially thrombosed giant vertebral artery
(VA)–posterior inferior cerebellar artery (PICA) aneurysm
(arrows). (A) T1-weighted magnetic resonance imaging
(MRI) showing a thrombosed giant aneurysm at the right
VA–PICA junction, compressing the brain stem. (B) Fluid

attenuated inversion recovery (FLAIR) MRI showing marked
edema in the brain stem surrounding the aneurysm. (C) The
right VA three-dimensional digital angiogram showing a
patent portion of the aneurysm, projecting superiorly, at the
VA–PICA junction.

artery (AICA) as well as the vasa vasorum from the
parent artery (Fig. 20-3B). The vasa vasorum on the
right VA seemed to derive from the dura close to its
entrance to the intracranial cavity. The patent portion of
the proximal VA as well as the origin of the PICA was
occluded with a clip. When the middle of the adjacent
VA segment, completely occluded on the angiogram,
was cut with microscissors, there was oozing of blood
through the coils packed within the parent artery on the
aneurysm side. The VA immediately distal to the neck of
the aneurysm was dissected and also occluded by clipping. When the aneurysm was opened, the packed coils
were found to be embedded in the partially organized
thrombus. The packed coils and friable clot were

removed, leaving the outer shell of the aneurysm attached
to the brain stem.

The aneurysmal lumen, mostly occupied by the organizing tissue around the GDCs, consisted of many fibroblasts, newly formed capillaries, such inflammatory cells
as lymphocytes, hemosiderin-laden macrophages, and
foreign body–type giant cells. Of note, there were
hemosiderin-laden macrophages scattered near the capillary vessels near the coils. In the adventitia of the
aneurysmal wall, the plexus of small arterioles compatible

FIGURE 20–2 (A) The right vertebral artery digital subtraction
angiography after the embolization, showing complete obliteration of the aneurysm by endosaccular embolization and occlusion of the parent artery and the posterior inferior cerebellar

artery by endovascular technique. (B) After temporary symptom
relief, the patient was readmitted, complaining of deteriorating
symptoms with markedly increased edema (fluid attenuated
inversion recovery) surrounding the enlarged aneurysm.

Histopathological Findings
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FIGURE 20–3 (A) Intraoperative photograph showing the
well-developed vasa vasorum (arrow) of the right vertebral
artery occluded with Guglielmi detachable coils near the

neck of the aneurysm. (B) There was adventitial neovascularization from the neck of the aneurysm (An) toward its fundus side.

with the vasa vasorum were seen. In the resected vertebral artery, small capillary vessels and accumulation of
inflammatory cells were noted around the packed coils.

because several recent studies documented recanalization with and without subsequent rupture or enlargement even after complete thrombosis of giant
aneurysms.4–7 The present case is unique in that the
thrombosed giant aneurysm continued to enlarge despite the persistent lack of angiographic filling after
successful endosaccular embolization in addition to
trapping of the vertebral artery with coils. Intraoperative and histological findings suggested that a rich
adventitial neovascularization on the parent artery
occluded by the coils could provide potential routes of
blood supply to the aneurysmal neck from the surrounding dural and leptomeningeal arteries. This is
important because, theoretically, endovascular trapping, unlike surgical trapping, cannot block such blood
flow to the neck beyond the occluded arterial segment
through the vasa vasorum on the adventitia. This case
clearly illustrates the pitfall of endosaccular embolization and trapping by coil embolization for giant thrombosed aneurysms.

Outcome
The patient showed marked improvement in her symptoms and was discharged and remained well at the 1-year
follow-up.

Key Points
The optimum treatment of intracranial aneurysms is to
eliminate the aneurysm from the intracranial circulation while preserving the parent vessel, thereby preventing hemorrhage or further aneurysmal enlargement.
Some thrombosed giant aneurysms, however, cannot be
successfully obliterated at the neck by surgical clipping
or endosaccular coil embolization due to the presence
of atherosclerosis or calcification within the neck,
intraaneurysmal thrombosis, or anatomic factors such
as the width of the neck. For those formidable giant
aneurysms, proximal arterial (Hunterian) ligation or
trapping by surgical or endovascular methods should
be considered as valid alternatives.1–3 Complete thrombosis is usually observed within 1 month after this therapeutic maneuver. For relief of neurological symptoms,
complete or near complete thrombosis is essential;
67% of the patients with incomplete thrombosis suffered neurological complications, 86% of which were
fatal; however, even those patients with complete absence of aneurysm filling on angiograms immediately
after Hunterian ligation should be followed-up closely
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Comments
The authors are congratulated on proposing a clever
and innovative hypothesis, explaining apparent growth
of a giant vertebral artery aneurysm following complete
obliteration with GDCs. Surgery was performed because
of increased mass effect and surrounding edema, and
there was clear evidence of aneurysm wall neovascularization at surgery.
There have been numerous reports in the literature
of growing thrombosed aneurysms, without evidence of
angiographic filling of the sac. The pathophysiology of
reaction to aneurysm thrombosis is likely the same,
whether the thrombosis is spontaneous, induced by parent vessel occlusion, or associated with endosaccular
coiling. Thrombosis can result in physical expansion of
the sac, and in enhanced perianeurysmal edema. We
have recently learned that vascular endothelial growth
factor (VEGF) is heavily expressed in this setting and
may likely mediate vascular permeability and edema.
VEGF may also induce metalloproteinase activity, resulting in necrosis of the vessel wall and a likely propensity
to hemorrhage. In addition, VEGF likely induces vascular neoproliferation within the aneurysm wall and the
organized thrombus, and this may lead to further
growth of the lesion. Our group had previously demonstrated such angiogenesis activity and vascular neoproliferation in the aneurysm wall.1 Other groups have recently confirmed this finding and demonstrated
induced metalloproteinase activity.2
The clinical implications of the preceding phenomena are difficult to predict. There clearly may be little
room in the brain stem for worsened mass effect and
edema. Hence, clinical deterioration may dictate an
aggressive surgical strategy as was employed by the
authors; however, these phenomena may be transient,

and edema and mass effect may regress spontaneously.3 The clinician must weigh the risk of surgical
excision of a thrombosed aneurysm wall from the
brain stem versus the choice of cautious expectant
therapy with steroids and close monitoring. It is not
clear that every clinical deterioration attributed to
edema and mass effect would necessarily dictate an
urgent surgical intervention.
The possibility of aggravating mass effect and edema
should also be considered in the initial choice of therapeutic intervention for such aneurysms. Other options
of effective treatment would include either or both
proximal parent vessel occlusion and clip occlusion of
the aneurysm inlet beyond the PICA. These two treatment options are less likely to exacerbate end aneurysmal
mass effect and edema, and also less likely to jeopardize
PICA patency and adjacent perforators. The armamentarium of treatment options for giant posterior circulation aneurysms is more diverse than ever. We must weigh
very closely the subtle advantages and risks of each alternative as we follow more of these lesions to successful
and safe therapeutic outcome.
Issam A. Awad
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21
Contralateral Approach for a Large
Thrombosed Aneurysm of the
Vertebral Artery
TAKASHI OHMOTO, HIROYUKI NAKASHIMA, AND TAKASHI TAMIYA

Diagnosis Large thrombosed vertebral artery aneurysm
Problems and Tactics A large thrombosed aneurysm of the right vertebral
artery was found in a 59-year-old man. The aneurysm’s neck crossed the
midline and the dome was located on the left side. The left vertebral artery
was hypoplastic. Because the common approach from the ipsilateral right
side seemed extremely difficult, we attempted a direct clipping of the
aneurysm via a left transcondylar approach with temporary intraoperative
balloon occlusion of the right vertebral artery.
Keywords Vertebral artery aneurysm, large thrombosed aneurysm, contralateral approach, temporary balloon occlusion, transcondylar approach

Clinical Presentation
This 59-year-old man had complained of persistent headache and nuchal pain for 6 months. Magnetic resonance
imaging revealed an almost completely thrombosed
aneurysm 24 mm in diameter on the left side in front of
the medulla (Fig. 21-1). The right vertebral angiogram
showed focal dilatation of the right vertebral artery with a
retention of contrast medium at the site of the aneurysm
(Fig. 21-2). The aneurysmal neck was beyond the midline
to the left. The left vertebral artery was hypoplastic. The
patient’s neurological status and somatosensory evoked
potentials were stable during 20 minutes of test balloon
occlusion of the right vertebral artery (V2 portion).

Surgical Technique
After anesthesia was induced, an angiography catheter was
introduced into the right vertebral artery (V2 segment)

through a femoral sheath. A silicone balloon catheter
was advanced through the angiography catheter and
tentatively inflated to determine the volume needed to
occlude the parent artery under fluoroscopic control.
The systemic heparinization was achieved with intravenous heparin, and the catheter was flushed continuously with heparinized saline. The patient was then
placed in the right modified semiprone park-bench position; his head was kept at maximal flexion, slightly face
down and vertex to the floor. His temperature was maintained under mild hypothermia at 34 °C and somatosensory evoked potentials were monitored during surgery.
The suboccipital bone and C1 lamina were completely
exposed through a hockeystick skin incision. The emissary
vein in the posterior condylar fossa was cut and the
condylar fossa was dissected. A left lateral suboccipital
craniotomy was carried to the midline and laterally to the
sigmoid sinus. A C1 hemilaminectomy was performed
across the midline. The foramen magnum was opened as
wide as possible across the midline and laterally to the
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A

B

C

D

FIGURE 21–1 (A,B) T1-weighted magnetic resonance image
showing a large thrombosed aneurysm compressing the
medulla posteriorly at the foramen magnum. (C,D) Magnetic

A

B

FIGURE 21–2 (A) The right vertebral artery angiogram (anteroposterior view) showed the focal dilatation across the midline at the site of the aneurysm. There was no right posterior
inferior cerebellar artery. (B,C) The postcontrast computed

resonance angiography showed the tortuous dominant right
vertebral artery. The aneurysm was thrombosed and the
aneurysmal neck crossed the midline to the left.

C

tomographic scan in the coronal plane clearly demonstrates
the relationship between the right vertebral artery and the
thrombosed aneurysm.
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occipital condyle. From this point, the procedure was continued under the microscope. The dura mater over the
left cerebellar hemisphere and the vertebral artery were
retracted with spatulas, exposing the occipital condyle,
condylar fossa, and jugular tubercle. With a high-speed
drill, the posteromedial part of the occipital condyle, a
part of the lateral mass of C1, and the jugular tubercle were
drilled extradurally and removed. After the dura was
opened, the aneurysmal dome compressing the medulla
was seen under direct vision. The left vertebral artery, the
left posterior inferior cerebellar artery, and the ninth,
tenth, and eleventh nerves over the aneurysmal dome were
observed after extensive arachnoid dissection (Fig. 21-3A).
The right vertebral artery distal to the aneurysm was found,
but the proximal portion of the right vertebral artery was
hidden behind the large, thrombosed aneurysmal dome.
First, the wall of the aneurysmal dome was cut far
away from the parent artery and the thrombus was removed with a dissector and the CUSA. The thrombus
was made up mainly of hard, organized clots. Soft, dark
brown clots were left untouched until most of the
thrombus was removed. Maximal care was taken not to
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damage the lower cranial nerves by manipulation.
When the residual clots were removed, the blood
flowed out from the hole inside the aneurysm. The balloon at the proximal right vertebral artery was inflated,
and a temporary clip was applied to the right vertebral
artery distal to the aneurysm. The bleeding was controlled and the clot removal was continued with the
CUSA. After the thrombus was removed, the smooth,
white interior surface of the aneurysmal neck and the
proximal right vertebral artery were confirmed from
the intraluminal side. The aneurysmal neck and dome
became soft and were separated from the nerves and
vessels around the neck.
An angled clip with 12-mm long blades (Sugita No. 12)
was applied from the distal side. Then a fenestrated
angled clip with 10-mm long blades (No. 37), and a fenestrated clip with 9-mm long blades (No. 30) were applied in tandem fashion. The second clip (No. 37) was
reinforced with a booster clip (Fig. 21-3B). After the
temporary trapping was released (duration 40 min),
intraoperative angiography confirmed that the clipping
was complete without any stenosis of the vertebral artery.
After reducing the compression to the cranial nerves by
the clip blades as much as possible, the dura was closed
water tightly.

Outcome
The patient’s postoperative course was uneventful.
There were no lower cranial nerve signs. His headache
disappeared after the operation.

Key Points
A

B

FIGURE 21–3 Schematic drawings. (A) The operative view
after arachnoid dissection via a left transcondylar approach.
(B) Final operative view after clipping of the aneurysm.

A thrombosed large or giant aneurysm of the vertebral
artery is one of the most difficult aneurysms to manage.
Trapping and removing the aneurysm is reported to be
the best treatment, but bypass surgery is necessary in a
patient with poor collateral circulation.1 In our patient,
the almost completely thrombosed aneurysm of the
right vertebral artery was located on the left and distorted the medulla posteriorly. The aneurysmal neck
was across the midline to the left. Because the left vertebral artery was hypoplastic, surgical clipping of the
aneurysm with preservation of the parent artery was desirable. Although the principle of aneurysm surgery is
proximal control of the parent artery at the early stage,
an approach from the right side seemed impossible to
treat the intraaneurysmal thrombus. An approach from
the left side also seemed difficult for gaining proximal
vascular control at the early stage. To resolve this problem, we used the contralateral approach from the left
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side after preparing for temporary intraoperative occlusion of the right vertebral artery with a balloon. Temporary intraoperative balloon occlusion has been used in
the surgery of basilar tip, basilar trunk, and paraclinoid
aneurysms.2 It allows vascular control of an inaccessible
parent artery, a maneuver that is applicable to other difficult aneurysms.
In our patient, the balloon catheter was placed at the
V2 segment of the vertebral artery because of the difficulty in advancing it further. Trapping the right vertebral artery distal to the aneurysm and V2 segment was effective in controlling bleeding from the aneurysm at the
final stage of thrombectomy. In addition to systemic heparinization, heparinized saline was continuously infused through the catheter. There were no complications related to these intraoperative endovascular
techniques.
The closer the aneurysmal neck is to the midline, the
more lateral the operative approach should be.3–5 Major
obstacles in the lateral approach are the occipital
condyle and the jugular tubercle.5 Careful planning of
the extent of bone drilling, based upon the preoperative
three-dimensional computed tomographic angiogram
(3D-CTA) and thin-slice bone-window CT, is essential for
an approach tailored to each patient. In this case, the
mass was located at the foramen magnum level, so resecting the posteromedial part of the occipital condyle and a
C1 hemilaminectomy were necessary. In the case of an
aneurysm located over the jugular tubercle, however, removing the occipital condyle is unnecessary, and radical
resection of the jugular tubercle is more important in the
caudal-to-rostral trajectory.5 Resecting the jugular tubercle also widens the operative field and makes the lower
cranial nerves more mobile, thereby reducing complications from the lower cranial nerves. The posterior portion of the jugular tubercle is the condylar fossa superior
to the posterior condylar canal. Care must be taken
around the adjacent lower cranial nerves and jugular
bulb when drilling the jugular tubercle.

Direct clipping of a large thrombosed aneurysm requires special care. After the thrombectomy, it is imperative to confirm the smooth intimal surface from inside the
aneurysmal neck and parent artery before attempting clipping. Residual clot or atheroma plaque at the clipping site
frequently causes parent artery occlusion or incomplete
neck obliteration. The application of multiple clips, as in
tandem clipping, and reconstructing the parent artery lumen become necessary because the aneurysmal neck is
usually wide and obscure. Parallel clipping to reinforce
the neck obliteration and application of a booster clip are
useful when the wall of the clipping site is thick and irregular. Intraoperative angiography is useful to confirm obliteration of the aneurysm and patency of the parent artery.
During surgery for a thrombosed aneurysm, temporary trapping time is sometimes longer than expected.
Trapping might also lead to different results than those
from preoperative proximal test occlusion. Methods for
brain protection, such as mild hypothermia and the use
of barbiturates, should be routinely employed in addition to monitoring.
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Comments
This case of giant fusiform and thrombosed aneurysms
calls for several comments. This aneurysm obviously
raises several technical surgical problems, but before discussing them a controversial but critical point must be
questioned. Is it really necessary to treat such an
aneurysm, which may be considered incidental given
that headaches cannot be related to the aneurysm with
certainty? Moreover, this aneurysm is almost completely
thrombosed and at extremely low risk of rupture; therefore, proposing such a difficult and hazardous surgery is
at least a matter of debate. The real nature of this

aneurysm should also be discussed. It is very likely related to a dissecting hematoma of the vertebral artery. In
this case the entire wall of the vessel may be involved by
the pathological process; therefore, there are some possibilities a new ecstasia develops on this vessel in the
more or less long term. Considering this last point, trapping of the vertebral artery would have been a better option than reconstruction. The fact that this aneurysm
had developed on a dominant vertebral artery obviously
makes the trapping at risk if no bypass to preserve the
basilar flow is associated.
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In this report the decision was to reconstruct the vessel
by clipping the aneurysmal neck after having removed all
the clots. The choice of approaching the aneurysm from
the contralateral side through a lateral approach seems
logical. The neck was beyond the midline and as a matter
of fact the aneurysm could be nicely exposed. Two technical points must be stressed. One is the lower cranial
nerves crossing the field. Dissection and clipping had to
be done passing the instruments between the rootlets of
these nerves. The other is the proximal control of the
vertebral artery because the dome of the aneurysm was
obscuring the view; therefore, the proximal control was
performed by inflating a balloon in the V2 segment of
the vertebral artery. This technique had already been
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reported in the treatment of carotid and vertebrobasilar
aneurysms. The main difficulty comes from the need for
systemic heparinization. Thus control of hemostasis must
be absolutely perfect. Then placing the balloon at the
level of the V2 segment of the vertebral artery leaves
some flow into the V3 and V4 segments through distal
muscular branches. It would have been better to place
the balloon in the vertebral artery above the arch of atlas.
All the previously mentioned problems make this surgery rather hazardous; considering the natural risks of
this lesion I would not have recommended this surgery,
although the operation went well.
Bernard George
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22
Giant Anterior Inferior Cerebellar Artery
Aneurysm in a 6-Year-Old Boy Treated
with Hypothermic Cardiac Arrest
PATRICK P. HAN AND ROBERT F. SPETZLER

Diagnosis Giant AICA aneurysm
Problems and Tactics A 6-year-old boy presented with subarachnoid
hemorrhage from a giant anterior inferior cerebellar artery (AICA)
aneurysm. Cardiac standstill1–3 was employed with a retrosigmoid approach
to expose and deflate the giant AICA aneurysm.
Keywords Giant AICA aneurysm, cardiac arrest, hypothermia

Clinical Presentation
A 6-year-old boy presented with the acute onset of headache, nausea, and vomiting. Computed tomography of
the head demonstrated subarachnoid hemorrhage in
the basal cisterns (Fig. 22-1). Cerebral angiography
demonstrated a giant AICA aneurysm (Fig. 22-2).

Surgical Technique
General anesthesia was induced. Under sterile technique a right frontal ventriculostomy was placed to
drain cerebrospinal fluid during the procedure. The patient was placed supine and was placed in a three-point
fixation in a headholder. Baseline somatosensory evoked
potentials, electroencephalography, and brain stem auditory evoked potentials were monitored. The right side
of the head and the groin were prepared in the standard
sterile fashion.
A right-sided retrosigmoid approach was performed
and the surgical microscope was brought into the field.
The dura was opened and microsurgical dissection was
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performed to expose the cerebellopontine angle. The
arachnoid was dissected sharply to expose the seventh
and eighth cranial nerves and the ninth and tenth cranial nerves below. The ectatic basilar artery and the
giant aneurysm arising just above the AICA and projecting rostrally were visualized. It became evident that the
aneurysm’s neck could not be fully exposed without cardiac standstill.
A cardiac surgeon therefore cannulated the patient’s
femoral artery and vein and began the cardiac standstill
and cooling process. The patient was placed under barbiturate burst suppression, and complete cardiac standstill was achieved with his core body temperature lowered to 20 °C.
The aneurysm was deflated, which allowed exposure
of the proximal and distal basilar arteries and excellent
exposure of the neck of the aneurysm. Both AICAs were
identified, and the ipsilateral sixth cranial nerve was dissected free from the base of the aneurysm. The aneurysm
was clipped with an 11-mm curved and a 15-mm straight
titanium aneurysm clip. The pump was restarted and the
aneurysm dome did not refill. The length of cardiac
standstill was 14 minutes.
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The patient was slowly rewarmed and his heart
restarted. The wound was closed by replacing the bone
flap with microplates and screws. The skin was closed in
a layered fashion. Postoperative angiography showed
complete obliteration of the aneurysm with preservation
of the basilar trunk and AICAs (Fig. 22-3).

Outcome
The patient developed hydrocephalus and required
placement of a ventriculoperitoneal shunt and treatment for a shunt infection. The patient was transferred
to neurorehabilitation and recovered to his preoperative neurological baseline. He was discharged to home.

Key Points

FIGURE 22–1 Axial computed tomographic scan of the head
shows subarachnoid hemorrhage in the basilar cisterns.

A

FIGURE 22–2 (A) Lateral view of posterior circulation demonstrates the giant aneurysm on the right anterior inferior cerebellar artery. (B) Anteroposterior view of vertebral artery

There are many technical advantages of cardiac standstill
and deep hypothermia for the treatment of giant and
complex aneurysms. The total circulatory arrest creates a
bloodless field, which improves visualization of the critical neurovascular structures and aneurysm. It reduces
the risk of an intraoperative rupture, and the elimination
of blood flow deflates the aneurysm. In turn, deflation of
the aneurysm makes it easier to dissect the aneurysm to
expose the proximal and distal vessels, associated perforators, and cranial nerves, and improves clip application
to insure complete obliteration of the aneurysm.

B

angiogram demonstrates a giant aneurysm on the right
anterior inferior cerebellar artery.
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B

A

FIGURE 22–3 (A) Three-dimensional postoperative cerebral
angiogram of the posterior circulation shows complete elimination of the aneurysm and preservation of the parent ves-

sels. (B) Postoperative angiogram confirms elimination of the
aneurysm and preservation of the parent vessels.

At our institution the use of total circulatory arrest
and deep hypothermia is primarily reserved for large or
giant aneurysms of the posterior circulation. Anterior
circulation aneurysms are treated with skull base techniques with barbiturate cerebral protection.
Four key variables largely determine the outcome of
procedures performed under cardiac standstill and
deep hypothermia: the depth of the hypothermia, the
duration of total circulatory arrest, barbiturate cerebral
protection, and hemostasis.
Hypothermia is critical during total circulatory
arrest. By reducing the cerebral metabolic rate of oxygen consumption,4,5 the safe period of cerebral ischemia is significantly increased during circulatory
arrest. Humans have been cooled to core temperatures as low as 10°C without permanent cerebral injury.
In most surgical procedures, however, circulatory arrest
and hypothermia are performed between 13 °C and
21 °C. Hypothermia also increases blood viscosity6 and
serum glucose levels,7 alters anesthetic transport, and
slows the rate of heparin inactivation. These multiple
effects of hypothermia require expert neuroanesthetic
management.
The safe duration of circulatory arrest is intimately
related to the depth of hypothermia and use of barbiturates for cerebral protection. The safe limit of total
circulatory arrest is increased by reducing body temperature. Barbiturates reduce or prevent neuronal injury caused by focal ischemia.8–11 Barbiturates are most

protective when given before the onset of ischemia.12 At
our institution, thiopental is administered until electroencephalogram burst suppression is documented
before circulatory arrest is instituted.
Total circulatory arrest with extracorporeal circulation and hypothermia significantly disrupts the coagulation cascade.3,6 The use of heparin, which is a critical
component of cardiopulmonary bypass procedures, directly inhibits the coagulation cascade. The heart–lung
pump and oxygenator causes red blood cell (RBC) and
platelet trauma and consumption, lowering the hematocrit and platelet count postoperatively. Hypothermia
worsens the RBC and platelet reduction and slows the
coagulation cascade.3 Thus an attempt at completing
most of the intracranial dissection with microsurgical
technique and absolute, meticulous hemostasis is
mandatory to reduce the risk of postoperative intracranial hemorrhage. At the end of the procedure, the heparin is carefully reversed using protamine sulfate, and the
patient’s hematocrit and platelet counts are optimized
with autologous transfusion or blood products from the
blood bank.
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Comments
This is a report of a giant aneurysm in a 6-year-old boy
treated with hypothermic cardiac arrest. A right-sided
retrosigmoid approach was performed to expose the
lesion in the cerebellopontine angle. Because the
aneurysm was too huge to visualize the anatomical relationship with the aneurysmal neck and its relationship with the surrounding arteries as well as cranial
nerves, the authors decided to apply hypothermia with
cardiac arrest. They successfully put two clips on the
aneurysmal neck during cardiac standstill for 14 minutes under hypothermia of 21 °C. I completely agree
with their decision and the operative strategy. It is
said that hypothermia between 13 °C and 21 °C can

sometimes result in multiple organ failure. Safer hypothermia for prevention of brain damage is considered
to be under 10 °C. Neuroanesthetists on the team can
prevent various complications that result from hypothermia, but tremendous clinical experience and a
wide range of knowledge of the subject are needed.
The authors’ work in the presented case was praiseworthy.
I feel in the future, for more difficult surgical problems,
closer cooperation in general and teamwork will be necessary between the neurosurgeon and neuroanesthetists.
Namio Kodama
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23
Occipital Artery–Superior Cerebellar Artery
Bypass (Paramedian Supracerebellar
Approach) for Vertebrobasilar TIAs Due
to a Severe Basilar Artery Stenosis
YASUHIRO YONEKAWA, PETER ROTH, AND NADIA KHAN

Diagnosis Vertebrobasilar Transcent ischemic attacks (TIAs) due to a
basilar artery stenosis
Problems and Tactics An atherosclerotic stenosis at the midportion of
the basilar artery induced frequent vertebrobasilar TIAs despite optimally
regulated anticoagulant therapy. Posterior fossa revascularization by the
use of microsurgical occipital artery–superior cerebellar artery (OA–SCA)
bypass was selected as a therapeutic modality.
Keywords Basilar artery stenosis, vertebrobasilar TIA, OA–SCA bypass,
sitting position

Clinical Presentation

Surgical Technique

A 72-year-old female suffered from frequent vertebrobasilar TIAs manifested with lacrimation, dysarthria, vertigo,
and right sensorimotor brachiofacial hemiparesis despite optimally regulated oral anticoagulation therapy.
The patient presented additionally with a diabetes mellitus and paroxysmal atrial fibrillation. Angiography revealed a severe basilar stenosis (supposed to be due to
dissection) from the site of vertebral union to the origin
of the anterior inferior cerebellar artery (Fig. 23-1A,B).
Both of the posterior communicating arteries were not
visualized on the carotid angiography. Magnetic resonance imaging (MRI) revealed no ischemic lesions, but
the [H2-15O] water positron emission tomographic
(PET) study revealed reduced cerebral blood flow with
decreased hemodynamic reserves on Diamox® loading.
For the augmentation of the posterior fossa circulation,
a microsurgical OA–SCA bypass was performed.

In the sitting position, the head was fixed with a MayfieldKees apparatus with the face turned to 20 to 30 degrees to the operating side and the neck flexed to 20
to 30 degrees.

110

1. The occipital artery was traced and marked percutaneously with Doppler sonography with reference
to the selective external carotid angiography
(Fig. 23-1C). This artery is usually detectable at
the midportion between the external occipital
protuberance and the mastoid process at the level
of the superior nuchal line, where the great occipital nerve accompanies the artery. Above the superior nuchal line after having run for 2 to 3 cm, it
terminates into medial and lateral branches. A
bigger branch (1 mm in diameter) should be
taken as the bypass graft.
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A

FIGURE 23–1 Left vertebral angiography reveals a severe
stenosis of the basilar artery. (A) Anteroposterior view. (B)
Lateral view. (C) Common carotid angiography showing the
running course of the occipital artery, which should be
compared with the follow-up angiography.

C

2. Dissection of the occipital artery followed after a
linear incision over the artery. It is advisable to begin with the dissection at the level of the superior
nuchal line, in which the crossing great occpital
nerve should be cut sharply to dissect the OA. The
dissection was then forwarded to the parietal region, taking care of the terminal peripheral branch
that runs into the subcutaneous tissue and not subcutaneously. Below the superior nuchal line the OA
takes a serpentine course into the depth between
muscle layers to the direction of the inner side of
the mastoid process.

3. Big Gelpi retractors were used to spread the skin
and muscles, this being usually sufficient for hemostasis from the wound surface. The OA was dissected in this way in a length of 10 to 15 cm and was
cut at the end after putting a temporary clip. The
distal lumen was then irrigated with heparinized
saline (1000 IU/100 mL saline) and was put aside
at the caudolateral corner of the operating field.
After incising the muscle and periosteum, the occpital squama was exposed (Fig. 23-2A).
4. A bone flap (4 cm in diameter) was sawed away
with the transverse sinus at its cranial portion. The
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B

FIGURE 23–2 Artist‘s drawing of the occipital artery–superior
cerebellar artery bypass. (A) Indication of the linear incision
over the running course of the occipital artery and of the
placement and extent of the craniotomy. (B) The cut end of

the occipital artery is brought over the cerebellar hemisphere
to the midbrain–cerebellar junction and anastomosed with the
superior cerebellar artery.

foramen magnum does not need to be reached.
The confluence and the sigmoid sinus need not be
reached, but a large craniotomy would make the
microvascular anastomosis at this depth. After upward reflection of the dura, which was cut in a
Y shape, the space between the tentorium and the
cerebellar hemisphere was obtained by allowing the
cerebellum to slack after opening the cisterna
magna at the mediocaudal corner, and by dissection of arachnoid granules along the transverse
sinus and sacrifice of some bridging veins between
the cerebellum and the caudal surface of the tentorium. The hiatus tentorii was observed at the medial
corner of the tentorium where the lateral part of
the quadrigeminal cistern comes into view. At this
stage the trochlear nerve and the SCA were confirmed at the anterior margin of the cerebellum
(Lobulus quadrangularis anterior). The tentorium
in the corner was then cut from the undersurface, a
few centimeters from the margin, making the
procedure easier, although the larger extent as at
the time of OA–PCA bypass (for the preparation of
the posterior temporal artery) is not necessary. The
SCA was dissected for a length of 1 cm by cutting
one or two tiny branches.

5. A microsurgical end to side OA–SCA anastomosis
has been described elsewhere.1,2 The already dissected end of the OA is placed over the cerebellar
hemisphere (Fig. 23-2B)3 and after placing six to
eight interrupted sutures with a 10–0 monofilament, an OA–SCA bypass is performed. Patency
of the anastomosis is checked by micro-Doppler
sonography.
6. The cut end of the tentorium does not need to be
replaced and sutured. The dura was closed watertight except for the entrance site of the OA. The
bone flap was replaced, taking into consideration
the presence and hence patency of the OA. The
same consideration is to be taken during the closure of muscle, fascia, subcutis, and skin. Skin was
closed with atraumatic continuous suturing.

Outcome
The postoperative course was uneventful except for one
TIA attack with weakness of the right arm and an
episode of dysarthria for 10 minutes. The patient was
discharged on anticoagulant therapy on day 14 postsurgery. The follow-up angiogram and MR angiography
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FIGURE 23–3 Follow-up angiography. (A) Lateral view: the
occipital artery opacifies the hemispheric branch of the superior cerebellar artery through the patent bypass (small arrow).

(B) Magnetic resonance angiography indicating the patent bypass and also showing the severe basilar artery stenosis
(small arrow).

3 months later showed a patent OA–SCA bypass
(Fig. 23-3A,B). The [H2-15O] water PET scan revealed improved hemodynamics of the posterior fossa circulation.
The patient was free from further vertebrobasilar TIAs.

new method of OA–PCA bypass using a transtentorial
supracerebellar approach in the sitting position.3
The aforementioned problems 2 and 3 are thus
cleared using the sitting position, with the CSF fluid
and blood being spontaneously drained and there
being no need for a temporal lobe.

Key Points
Indication for an extracranial—intracranial bypass procedure, especially for the posterior circulation, has been discussed elsewhere.1,4,5 The STA–SCA bypass and the occipital
artery–posterior inferior cerebellar artery (OA–PICA) bypass have been the two representative procedures for augmentation of compromised posterior circulation.1,4 For
the posterior cerebral artery (PCA) itself, besides the direct bypass of STA–PCA bypass, results with an interposition graft with the saphenous vein have been reported by
Sundt et al.5 These bypass procedures for posterior circulation in the lateral or prone position reported hitherto
are considered to be some of the most difficult surgeries
in neurosurgery due to the following factors:
1. A microvascular anasotomotic procedure of vessels
of 1 mm caliber at this depth.
2. Difficulty of the anastomotic procedure is enhanced by the accumulation of cerebrospinal fluid
(CSF) and blood in the operating field in the lateral or prone position used for STA–SCA bypass
and OA–PICA bypass procedures, respectively.
3. Retraction contusion of the temporal lobe at the time
of the bypass procedure.1,4,5 We recently reported a

To find an appropriate recipient artery of 1 mm in
diameter is also of cardinal importance in the bypass
surgery as is seen in a conventional STA–MCA bypass.
With the previously mentioned paramedian infratentorial supracerebellar approach, one can almost
always find a recipient artery SCA of 1 mm in size along
with the trochlear nerve at the midbrain–cerebellar
junction.6
The literature indicates a general avoidance of such a
bypass operation in the sitting position,4 one reason
being the risk of air embolism and the other the compromised cerebral blood flow (CBF) autoregulation resulting in further ischemic complication. Discussions on the
former problems have been dealt with elsewhere and the
latter can be prevented by sufficient hydration and by
performing surgery in a hemodynamically stable stage.
Skin flap necrosis and prolonged wound healing have
been minor to moderate complications of bypass procedures when the donor artery is dissected after one has
made a skin flap. Linear incision over the running
course of the donor artery has less complications of this
type, although care must be taken not to compromise
the artery at the periphery because the OA and STA of
0.5 mm in diameter run intracutaneously.
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It is emphasized that this new method using the supracerebellar approach in the sitting position makes the
posterior revascularization procedure technically easier
with fewer complications. The anastomotic procedure
itself, to be performed at this depth, however, needs
trained hands so that basic microsurgical training in the
laboratory is mandatory prior to its clinical use.2

Conclusion
A new method of posterior circulation revascularization
procedure, OA–SCA bypass, via the supracerebellar
approach in the sitting position and using a linear incision, was performed successfully in a patient with vertebrobasilar ischemia. This procedure is easier to perform
and is accompanied with a lower complication rate compared with other posterior circulation revascularization
procedures performed hitherto.
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Comments
The authors reported a new method of posterior circulation revascularization procedure, OA–SCA bypass, via
the supracerebellar approach in the sitting position for
a patient with vertebrobasilar stenosis.
STA–SCA anastomosis or STA–PCA anastomosis via
the subtemporal approach is a quite difficult procedure
because of the narrow and deep operative field. The new
approach described by the authors is wise in that the
operative field becomes wider and shallower by cutting
the tentorial edge as well as sinking of the cerebellum,
and also becomes bloodless because of the sitting position. With this procedure, contusion of the temporal lobe
can be avoided, and a clear working field for anastomosis
can be obtained. This enhances the speed and accuracy
of the procedure, resulting in safe revascularzation.

This procedure is a good application of the authors’
original approach (paramedian supracerebellar approach) to posterior temporomedial structures. One
point of concern is the air embolism, which requires
good collaboration with neuroanesthesiologists. We
prefer the lateral or prone–lateral position to avoid air
embolism. With this position, we place a thin drain tube
in the deep operative field so the field is continuously
clean.
The authors’ new approach for vascular reconstruction assures better results in patients with vertebrobasilar ischemia.

Kazuhiro Hongo and Shigeaki Kobayashi
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24
A Case of Right Carotid Endarterectomy
and Axilloaxillary Bypass for
Symptomatic Carotid Stenosis
with Innominate Artery Occlusion
YOSHIKAZU OKADA AND TOMOKATSU HORI

Diagnosis Right carotid endarterectomy and axilloaxillary bypass
Problems and Tactics A patient suffering from transient left hemiparesis
had innominate artery occlusion with right carotid stenosis. T2-weighted
images demonstrated high-intensity lesions in the left frontoparietal region
and in the right deep cerebrum. Cerebral blood flow (CBF) studies revealed
an evident low perfusion area in the right cerebral hemisphere. To improve
the compromised cerebral hemodynamics, axilloaxillary bypass and right
carotid endarterectomy were performed in two stages.
Keywords Compromised cerebral hemodynamics, carotid stenosis, innominate arterial occlusion, carotid endarterectomy, axilloaxillary bypass

Clinical Presentation
This 69-year-old man had suffered from left hemiparesis.
His right arm blood pressure was 30 mmHg lower than
that of the left side. Magnetic resonance imaging (MRI)
revealed high-intensity lesions in the left frontoparietal
region and in the right deep cerebrum (Fig. 24-1C) on
T2-weighted images. Aortogram showed innominate
artery occlusion, left carotid stenosis (40%) at the cavernous portion, right cervical carotid stenosis (60%),
and left vertebral artery stenosis at its origin from the
subclavian artery (Fig. 24-1B). The left carotid angiogram demonstrated an excellent anterior crosscirculation well visualizing the right middle and anterior
cerebral arterial territory (Fig. 24-1A). CBF studies with
the cold xenon–computed tomographic (Xe-CT) method
revealed an evident decrease in blood flow in the right
cerebral hemisphere with poor Diamox response.

Two-staged reconstructive surgery consisting of axilloaxillary bypass and right carotid endarterectomy was
planned to improve right carotid blood flow.

Surgical Techniques
In the first operation (axilloaxillary bypass), the patient
was placed in the supine position under general anesthesia. Both arms were abducted 45 degrees in the horizontal
plane. A bilateral infraclavicular incision (6 cm in length)
was made to access the first portion of the axillary artery.
The pectoralis major muscle was separated and the
underlying pectoralis minor muscle was retracted laterally.
Then the right and left axillary arteries were exposed
(Fig. 24-2B). Heparin (3000 U) was intravenously injected,
and activating coagulation time (ACT) was kept 200 seconds. First, the left axillary artery was occluded with a
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FIGURE 24-1 (C) T2-weighted image shows high intensity
spots at the right basal ganglia and high intensity area in
the left frontoparietal region. (B) Panaortogram reveals

C

innominate artery occlusion (arrow). (A) Left carotid angiogram
demonstrates excellent anterior collateral blood flow. Rt, right;
Lt, left.

A

B

C

D

FIGURE 24-2 (B,A) Operative field shows the right axillary
artery (arrow) and axilloaxillary bypass with expanded polytetrafluoroethylene (arrow). (D) The superior thyroid artery
(single arrow), external carotid artery (double arrow), and

internal carotid artery (arrowhead) are exposed. (Lower right)
A shunt tube is indwelled and a stenotic lesion (arrow) is exposed. (C) An extirpated lesion shows intraplaque hemorrhage
and calcification.
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bulldog clamp at the proximal site and with a Sugita’s clip
at the distal site. Axillary arteriotomy was made at the anterosuperior wall with a vascular punch (5 mm ID). A ringsupported, expanded polytetrafluoroethylene (ePTFE)
graft with 5 mm ID (Gore-Tex vascular graft) was tunneled
subcutaneously, passing anterior to the sternum. An end-toside anastomosis between the graft and axillary artery was
performed by running 6–0 Prolene sutures (Fig. 24-2A).
The same preparation was done on the right side after
adjusting the length of the graft. Leakage of the blood from
the anastomosed site was observed just after declamping,
which was easily controlled by application of fibrin glue to
the site of the sutures. The patency of the bypass was excellent, with good pulsation of the involved axillary artery.
The second operation was a carotid endarterectomy
(CEA). The patient was placed in the supine position under general anesthesia. His head was moderately extended
by fixing the jaw, and rotated to the left side 20 degrees.
Sensory evoked potentials (SEP) and blood flow with an
electromagnetic flow meter (EMFM) were monitored during surgery. A curvilinear skin incision was made along the
leading border of the right sternocleidomastoid muscle
(SCM) toward the medial side of the clavicle. The
platysma was cut, and connective tissues were dissected to
open the carotid sheath. The common carotid artery
(CCA) and external carotid artery (ECA) were then exposed, avoiding injuries to the hypoglossal, superior laryngeal, and vagus nerves. Because the internal carotid artery
(ICA) was unusually located at the posteromedial site of

A

FIGURE 24-3 (B) Left subclavian angiogram shows excellent patency of the axilloaxillary bypass (black arrows)
visualizing the right carotid stenosis and the left vertebral
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the ECA, it was difficult to expose the ICA by the convenient procedure. The superior thyroid artery was therefore cut to pull the ECA laterally, and the involved ICA was
exposed on the medial side of the ECA (Fig. 24-2D).
Heparin was injected intravenously to maintain the ACT
at 200 seconds. The CCA was then occluded with a bulldog clamp, and the ECA and ICA were occluded with
Sugita clips. Arteriotomy was performed from the CCA
just to the distal site of the involved ICA. Our T-shaped
shunt system was placed between the ICA and the CCA
(Fig. 24-2C). Partial calcification and intraplaque hemorrhage were observed at the involved ICA. The lesion was
meticulously dissected and removed en bloc (Fig. 24-2C).
Three tacking sutures were placed at the ICA using 7–0
Prolene. The arteriotomy was closed with running 5–0
Prolene sutures. The first ICA cross-clamping led to a mild
decrease in the amplitude of SEP (N20), which was gradually improved during the 8-minute ICA clamping. Blood
flow of the ICA before the CEA was 180 mL/min and
that after CEA was 250 mL/min.

Outcome
The postoperative course was uneventful. The postoperative angiogram showed satisfactory patency of the axilloaxillary bypass, and magnetic resonance angiography
(MRA) demonstrated complete removal of the carotid
stenotic lesion (Fig. 24-3).

B

artery stenosis (white arrow). (A) Magnetic resonance
angiography demonstrates complete removal of the carotid
stenotic lesion.
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Key Points
This is a complicated case, with multiple main cerebral
arterial occlusive lesions. The patient showed a left
hemiparesis with a right radial arterial pulseless state.
His MRI and CT scans revealed a left hemispheric watershed infarction in the frontoparietal region and a
small infarction in the right deep cerebrum. Angiograms
showed complete occlusion of the innominate artery,
moderate stenosis with the irregular wall of the right cervical carotid artery, hypoplastic right vertebral artery (VA),
and stenosis of the left VA origin. The CBF study revealed
an evident low perfusion area in the right hemisphere.
From these data we diagnosed this patient as suffering
from compromised hemodynamics of the right cerebrum.
A two-staged operation was recommended to normalize
the cerebral blood flow: (1) an axilloaxillary bypass to
allow right carotid blood flow to resume through the right
subclavian artery and (2) a right CEA.
Occlusive disease at the origin of the subclavian or
innominate arteries is a condition that can manifest
itself with ischemic symptoms in the central nervous
system and upper extremities. Clinicoradiological findings of reversed flow through the vertebral arteries in
cases of occlusion of the left subclavian or innominate
artery were pointed out by Reivich et al.1 An editorial in
the New England Journal of Medicine reported this entity as
the subclavian steal syndrome.2 Several surgical treatments for occlusive disease at the origin of the subclavian
or innominate arteries had been tried. Most surgeons initially used intrathoracic approaches, but high morbidity
and mortality were found with these procedures3; therefore, extraanatomical approaches were commonly used,
including the carotid–subclavian bypass, subclavian–
subclavian bypass, and axilloaxillary bypass. The concept
of a cross-sternal, extraanatomical bypass was originated
by Ehrenfeld et al,4 who reported a symptomatic brachiocephalic trunk occlusion successfully treated with a
left subclavian to right subclavian transcervical saphenous
vein bypass. This procedure was needed the preparation
of friable subclavian arteries and had the danger of
injuring the phrenic nerves and thoracic duct. A more
simple technique that accomplishes the same purpose is
the axilloaxillary bypass, which was first reported by
Myers et al.5 The main advantage of this technique is its
simplicity and lack of involvement of critical structures.6
Bypass conduits initially consisted mainly of a saphenous
vein graft. The Dacron graft and later on polytetrafluoethylene (PTFE) subsequently became the primary
graft material even for the extracranial cerebral arterial
reconstruction.7 Especially, ePTFE (Teflon) is a nontextile material unique among vascular grafts.8 It has the
advantage of being impervious to blood without preclotting and is resistant to kinking and external pressure by
external support using polypropylene rings.8

The following are our tips for successful axilloaxillary
bypass with PTFE: (1) avoid a too long bypass conduit by
lifting the axillary arteries and maximally pulling the
bypass conduit to the second anastomotic site, (2) pass
the subcutaneous tunnel close to the sternum and not to
the skin, (3) maintain hemostasis of the anastomosed
sites with fibrin glue, and (4) provide preoperative
antiplatelet therapy and intraoperative heparinization to
prevent thrombosis in the bypass graft.
CEA is one of the surgical therapies that is based on
the most established evidence-based medicine.9 Although the indication of CEA for this symptomatic
case was complicated due to the patient’s innominate
artery occlusion, we recommended CEA based on the
carotid angiographic findings of 60% carotid stenosis
with the irregular carotid wall. In addition, this patient
had such variations as the medially located ICA in contrast to the ECA, which required an extremely lateral
approach or a change in the ECA location. We
selected the latter method by severing the superior
thyroid artery. In this procedure the superior laryngeal nerve was exposed at the inferomedial site of the
ICA, which might be easily damaged by retraction and
dissection of the ICA. The use of an indwelling carotid
shunt in the CEA remains controversial. We routinely
use a T-shaped shunt system. Our system has several
characteristics such as easy placement, excellent visualization of the operative field, minimal intimal damage, space saving at the distal site of the carotid artery,
steady blood flow, and simple confirmation of the
shunt patency.10
Multiple occlusive lesions of this type pose many
problems to be resolved, such as selection of surgical
methods, the order of surgical treatments, and whether
to perform a one-staged or multistage operation. In
determining the therapeutic tactics, preoperative examinations and surgical risks should be meticulously
investigated.
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Comments
This is a fascinating case of an individual with clear right
hemisphere vascular compromise associated with innominate artery occlusion and carotid stenosis of
60%. There was apparent reduction of flow reserve
documented in the right hemisphere, and the patient
was symptomatic. The strategy employed by the authors
is extremely clever and was successful in this case, this
strategy being an axilloaxillary bypass followed by prophylactic right carotid endarterectomy.
I think many American surgeons and neurologists
would have said that this patient should be treated with
medical therapy alone. An arterial pedicle bypass is not
possible because of innominate occlusion, and a long
vein bypass would be fraught with difficulty in identifying a site for proximal anastomosis. There is no evidence-based strategy to support the surgical solution
performed by these authors, but clearly their patient has
benefited from this clever and innovative approach. We
may someday have evidence from the ongoing Carotid
Occlusion Surgery Study (COSS) that bypass is beneficial
in unilateral carotid occlusion, but that data would not
be applicable in this case.
Finally, the authors describe an unusual approach to
an internally rotated ICA, with sectioning of the superior thyroid, which is then used as a “handle” to flip the
ECA into a lateral position and a sort of reverse
approach to a now medially located ICA. Fig. 24-2C,D
illustrate this approach, but the reader must look carefully to understand the anatomy; at first glance one

thinks the photograph is mistakenly inverted, but it is
not. I have often encountered a medially located ICA,
but I have never tried this sort of reverse approach to endarterectomy, nor have I ever seen it described before. I
have often wondered whether a CEA could be done this
way, but my personal preference is always to mobilize
along the lateral edge of the ICA and to pull it out into a
more anatomical position for endarterectomy and repair
(this technique is illustrated in my own publications).1,2
With my technique the arteriotomy is made along the lateral carotid wall, as is customary. As the authors describe
it their arteriotomy will be along the medial carotid wall.
This could work equally well, but I wonder how much high
ICA exposure they could obtain because the ICA becomes
obscured by the higher ECA branches, which should cross
from lateral to medial across their surgical field. Once
again, however, their technique and results are excellent,
and I am glad that someone has finally described this
approach.
Christopher M. Loftus
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25
A Case of Carotid Artery Reconstruction
ROBERT J. WIENECKE AND CHRISTOPHER M. LOFTUS

Diagnosis Carotid artery stenosis
Problems and Tactics Ninety percent occlusion of the left internal carotid
artery was identified by arteriography in an asymptomatic woman. Surgical
management is outlined and discussed.
Keywords Carotid disease, carotid artery surgery, strobe

Clinical Presentation
This 64-year-old female underwent cerebral angiography
during evaluation of dizziness and headache. No
intracranial cerebrovascular pathology was identified;
however, 90% occlusion of the left internal carotid
artery was revealed (Fig. 25-1). The risks, benefits, and
alternatives to surgical carotid artery reconstruction for
asymptomatic occlusive disease were discussed with the
patient, and she agreed to proceed to surgery.

Surgical Technique
A baseline electroencephalogram (EEG) was obtained
preoperatively. After receiving intravenous antibiotics
in the holding area, the patient was taken to the operative suite and placed upon the operating room table in
the supine position. Adequate general endotracheal
anesthesia was induced and maintained throughout
the case. An indwelling arterial line was inserted by the
anesthesiologist for continuous blood pressure monitoring. An interscapular roll was placed to provide
neck extension and thus high exposure. The head was
turned away 45 degrees and the chin was taped to pull
the mandible superiorly. Likewise, the ear lobule was
taped anteriorly. The proposed incision was marked
anterior to the sternocleidomastoid muscle extending
from the clavicle inferiorly to the mastoid superiorly. It
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is rarely necessary to use the entire marked incision;
however, preparing for extensive exposure is important. Infiltration of the proposed incision with 0.5%
lidocaine and 1:200,000 parts epinephrine at least
5 minutes prior to incision reduces skin bleeding. In
addition, liberal use of bovie and bipolar cautery in
addition to loupe magnification optimizes visualization.
The common facial vein crosses the carotid artery
bifurcation prior to joining the jugular vein, and it was
suture and clip ligated. Upon visualization of the
carotid artery 5000 U of intravenous heparin was
administered. Attention was then turned to exposure
and proximal control of the common carotid artery.
Once proximal control was established the external
and internal carotid arteries were exposed, and the
superior thyroid artery was encircled with a looped tie
to provide temporary occlusion. Visual and Doppler
inspection of the artery was then used to plan and
mark the arteriotomy, which must span the plaque
length (Fig. 25-2). A pinch-clamp was used to first
occlude the internal carotid artery distal to the
plaque. A cross-clamp is then applied to occlude the
common carotid artery. Finally, the external carotid
artery is pinch-clamped. The internal carotid artery is
always occluded first to protect the brain, and it is
never reopened until the repair is complete. Continuous EEG monitoring was used throughout the case,
and because there was no significant change from
baseline during the ischemic period of operation a
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FIGURE 25–1 Conventional angiogram revealing the asymptomatic 90% stenosis of the left internal carotid artery.

FIGURE 25-3 Intraoperative photograph of heparinized saline
flush prior to final arteriotomy closure.

shunt was not used. Arteriotomy was performed using
a No. 11 blade scalpel and scissors. The atheroma was
then elevated while taking care not to thin the arterial
wall too much. A small hemostat was used to remove
the external carotid artery atheroma. Once the
atheroma was removed and presence of intimal flaps
excluded, a 6–0 Prolene and a synthetic patch graft
were used to close the arterial defect. Prior to final
arterial closure back-bleeding was performed, and a
blunt-tipped needle was used to fill the isolated arterial segment with heparinized saline to reduce the risk
of air embolus (Fig. 25-3). The clamping procedure
was then reversed, and finally a multilayer wound
closure followed copious irrigation with antibioticlaced saline.

Outcome

FIGURE 25–2 Intraoperative photograph depicting exposure
of the common carotid artery and its bifurcation. Note especially the encircling tie on the superior thyroid artery and the
proposed incision as marked with surgical ink.

The patient awoke from surgery with no neurological
deficit. The patient was discharged to home in good
condition 48 hours after her elective admission. Follow-up
ultrasonography revealed neither evidence of thrombosis
nor restenosis.

Key Points
We currently offer carotid endarterectomy to those patients who are asymptomatic with 60% or greater stenosis
and to those patients with symptomatic stenosis of 50% or
greater.1,2 The use of general anesthesia in combination
with intraoperative encephalographic (EEG) monitoring
and selective shunting is our preference; however, good
results are attainable with regional anesthesia, clinical
monitoring, and selective shunting.3 We have found patch
arteriotomy closure nearly eliminates restenosis; therefore, we routinely offer patch closure to our patients.
Stent-assisted angioplasty, or carotid angioplasty and stenting4 (CAS), is a recently introduced endovascular alternative to surgical reconstruction of the carotid artery. CAS is
attractive in its relative noninvasiveness; however, concerns exist regarding its safety and durability. As of yet, no
data from a large multicenter randomized trial comparing
carotid endarterectomy (CEA) and CAS are available,
but the Carotid Revascularization Endarterectomy versus
Stent Trial (CREST) is under way and will provide useful
and much anticipated information.5 To summarize,
carotid endarterectomy is a valuable treatment option for
both asymptomatic and symptomatic atherosclerotic
occlusive disease. Although surgical techniques vary, the
surgical principles of endarterectomy are clear: knowledge
of each patient’s cerebrovascular circulation, provision
for vascular control at all times, and a widely patent

13830_C25.qxd

2/2/05

122

3:02 PM

Page 122

SECTION 1  Vascular Lesions

arteriotomy closure that is free from technical errors. As
new treatment modalities evolve, carotid endarterectomy
will be the gold standard to which others must compare.
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Comments
This report presents the gold standard procedure of
carotid endarterectomy employing patch angioplasty.
The authors emphasize that the surgical principles of
endarterectomy are knowledge of the patient’s cerebrovascular circulation status, provision for an adequate vascular control during surgery, and a widely
patent arterial closure provided in surgery. We agree
with their principles, although we do not routinely use
patch graft closure in our practice. We have found that
the length of the arteriotomy is appropriate when it is

extended to the common carotid artery. Complete
removal of the proximal part of the atheromatous
plaque is crucially important to decrease the risk of
restenosis after endarterectomy. We would like to
reconfirm that carotid atheromatous plaque is a
pathological lesion originating in the carotid bifurcation and not at the site of origin of the internal carotid
artery.
Shunro Endo
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26
A Large Cerebellopontine Angle
Arteriovenous Malformation
KAZUHIKO NOZAKI AND NOBUO HASHIMOTO

Diagnosis A cerebellopontine angle arteriovenous malformation fed by
the anterior inferior cerebellar artery and the posterior inferior cerebellar
arteries
Problems and Tactics A large cerebellopontine angle arteriovenous malformation (AVM) with two hemorrhagic episodes had not been treated
because of its vascular complexity and vicinity to vital neural structures.
Surgical extirpation was applied to eliminate the risk of hemorrhage, and the
AVM was successfully removed using stepwise clip applications on feeding
arteries and intraoperative angiography.
Keywords AVM, cerebellopontine angle, temporary clip, intraoperative
angiography

Clinical Presentation
This 43-year-old woman suffered from two episodes of
hemorrhage. She was transferred to a hospital in a
comatose condition at 24 years of age and ventriculoperitoneal (V-P) shunt and tracheostomy were performed.
Although her clinical condition had gradually improved
and she was able to stand and walk with aid, a second
hemorrhage occurred at 43 years of age. Angiograms
showed a large cerebellopontine angle AVM fed by
multiple branches of the left anterior inferior cerebellar artery (AICA) and posterior inferior cerebellar
arteries (PICAs) on both sides and draining into the
left petrosal vein (Fig. 26-1).

Surgical Technique
The patient was placed in the right lateral position after
the placement of a catheter in the left vertebral artery.

A C-arm fluoroscopy for intraoperative angiography
was set. A left suboccipital craniotomy was performed.
After durotomy, the cerebellomedullary cistern was
opened. A gentle retraction of the left cerebellar
hemisphere with a spatula revealed the nidus in the left
cerebellopontine angle cistern, and left lower cranial
nerves and seventh to eighth nerves were surrounded
by small vascular tangles, which were fed by the left
PICA and AICA. The left petrosal vein was dilated as a
varix adjacent to the left fifth nerve and drained into
the left superior petrosal sinus. Most of the nidus
seemed to locate epipially, and the dorsal surface of
the nidus faced the old hematoma cavity in the left
cerebellar hemisphere.
To clarify the anatomical relationship of the main
feeding arteries, nidus, and draining veins, intraoperative angiography was performed after the temporary
clip application on the proximal portion of the left
AICA. It showed that the left PICA fed the nidus from
its dorsal side. First, a temporary clip was applied to the
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FIGURE 26–1 Preoperative left vertebral angiograms showing a left cerebellopontine angle arteriovenous malformation.
(A) Anteroposterior view. (B) Lateral view.

proximal portion of the left AICA, and the small
branches to the nidus from the left AICA were meticulously coagulated and cut at the proximity to the nidus,
and the main trunk of the AICA feeding normal brain
tissue was preserved (Fig. 26-2A). The nidus was carefully dissected from the left seventh through eleventh
cranial nerves and the brain stem, without coagulation
of its surface. During the dissection of the nidus, small
branches to the nidus from the bilateral PICA were also
coagulated and cut step by step using the same clip
application technique (Fig. 26-2B). The interface
between the nidus and left cerebellar hemisphere was
relatively easily dissected along the old hematoma
cavity, and the fourth ventricle was opened during the
procedure. The dilated draining vein with the varix was
carefully dissected from the fifth cranial nerve. A small
part of the nidus hidden along the draining vein was
exposed and dissected from the vein. After confirming
the change of color (from red to blue), the major
draining vein was cut and the nidus was removed in en
bloc fashion.
Intraoperative angiography showed complete extirpation of the nidus (Fig. 26-3).

Outcome
The patient’s preoperatively fixed neurological deficits, such
as dysarthria, dysdiadochokinesia, intentional tremor, and
double vision were not changed postoperatively.

Key Points
Cerebellopontine angle AVMs consist of 5 to 10% of infratentorial AVMs and most of them are presented with
hemorrhage. They locate in the vicinity of cranial nerves
and the brain stem and are fed by many arteries from the
superior cerebellar artery (SCA), AICA, and PICA. Repeated hemorrhage results in severe neurological deficits.
Although numerous tortuous vessels are seen around the
cranial nerves and brain stem, most parts of the nidus are
present epipially, which makes microsurgical removal possible without neurological deterioration.1
We used a stepwise temporary clip application method
on feeding arteries (Fig. 26-2C-E). At first, the clip is
applied on the proximal part of a major artery. During the
course of the dissection of the nidus, only the distal
branches that go to the side of the nidus are clipped and
the clip applied on the proximal part is removed to restore
the blood flow of the distal branches that pass the nidus. By
doing this, the branch that is eventually preserved remains
intact as a passing artery. This technique makes the dissection easier and safer by reducing the pressure in feeding
arteries and the nidus, and makes it possible to preserve
passing arteries that feed normal brain tissues.
The other important technique is minimal coagulation
of the nidus.2 Coagulation of the surface of the nidus
should not be performed, but only connecting vessels
between the nidus and the surrounding brain are coagulated and severed. Because venous components seem to
constitute a large part of the nidus surface, the coagulation
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FIGURE 26–2 Intraoperative photograms. (A) A temporary
clip application on the proximal part of the left anterior inferior
cerebellar artery. (B) Severing of a small branch from the left
PICA to the nidus during a temporary clip on the proximal
part of the left posterior inferior cerebellar arteries. (C-E)
Schematic drawings of a stepwise temporary clip application

E

method. (C) A first clip is applied on the main trunk of the feeding
artery. (D) During the dissection of the nidus by severing small
feeding arteries, the first clip is removed and second clips are
applied on the branches of the main trunk. (E) After preserving
the passing arteries (a main drainer), second clips are removed
and a third clip is applied on the proper feeding artery.

A

FIGURE 26–3 (A) Intraoperative angiogram before and (B) after the extirpation of the nidus.

B
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of the nidus surface may progressively cause the obstruction of the draining system, which increases the risk of
uncontrollable hemorrhage during the late stage of the
operation.
Intraoperative angiography is also helpful to interpret
the complex vascular anatomy of the feeding arteries,
nidus, and draining veins accurately. It can also show
complete resection the nidus during the operation.
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Comments
This is an excellent illustration of how a master surgically handles a relatively large AVM located in the cerebellopontine angle. Unfortunately, we are not provided
with a magnetic resonance image, and at first glance,
with the illustrations provided, it may be difficult for the
reader to realize that this AVM is located completely
within the cerebellopontine angle (CPA) cistern, outside of the parenchyma of the brain stem. The authors
undoubtedly had access to such information before
making the decision to proceed with surgery. Had a
significant portion of this AVM been located within the
parenchyma of the brain stem, I presume the authors
would not have attempted surgical excision and may
have considered radiosurgery.
The chapter is important because it illustrates very
nicely the technique of initial temporary clipping with
gradual advancement of the clip in cases of AVMs fed by
vessels en passage. I have also used this technique and
have found it equally helpful in AVMs in other areas
where vessels en passage are common; namely, the sylvian region where middle cerebral artery branches send
small side branches to the AVM and go on to supply normal brain, and in the callosal region where pericallosal
branches behave in the same manner.
An additional important point is one that Dr. Hashimoto
has made before; namely, not to coagulate the surface of
the AVM in an effort to “shrink it” before all the feeders are

controlled. As Dr. Hashimoto has pointed out, this can
lead to occlusion of part of the venous drainage system of
the AVM and premature hemorrhage from the AVM.
A remarkable achievement that should be noted is that
the authors were able to remove this AVM without apparent damage to the seventh and eighth cranial nerves as
well as the lower cranial nerves. With a complex AVM
such as this, deficits of cranial nerve VII through XI
should generally be expected, at least temporarily.
Incidentally, it should be noted that the authors did not
perform preoperative embolization in this case. I agree
100% with this decision because embolization of this type
of AVM fed mostly by vessels en passage is not only technically very difficult but it also carries a very significant risk
of occlusion of these vessels with damage to the distal
brain territory that they supply. Again, this applies also to
AVMs in the sylvian region and the pericallosal region
where feeders from vessels en passage predominate.1
Robert C. Heros
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Retrograde Venous Thrombosis
after Excision of a Cerebral
Arteriovenous Malformation
ROBERTO C. HEROS AND MUSTAFA K. BAŞKAYA

Diagnosis High-flow cerebral arteriovenous malformation of the cerebellar
vermis
Problems and Tactics A patient with a relatively large, high-flow arteriovenous malformation (AVM) was operated for complete excision of his
AVM in one stage without preoperative embolization. The operation went
well, but the patient did not wake up and remained in a coma for several
days with very slow and gradual improvement over the next several months.
The postoperative studies showed clearly that he had suffered extensive
retrograde thrombosis of the entire deep venous system that had previously
drained the AVM. It is possible that this complication could have been prevented by “staged” treatment of the AVM.
Keywords Cerebral arteriovenous malformation, venous occlusion, retrograde venous thrombosis, embolization

Clinical Presentation
This 35-year-old, healthy man presented with trigeminal neuralgia of several years’ duration. His workup
showed a large, high-flow AVM of the cerebellar vermis
(Figs. 27-1 and 27-2). It was thought that the trigeminal neuralgia was probably secondary to venous
compression of the trigeminal nerve by arterialized
veins. His AVM was excised surgically in a one-stage
operation. He remained in a coma after surgery and a
computed tomographic (CT) scan showed that the
surgical bed was dry, but there was a suggestion of
thrombosis within the basal vein of Rosenthal bilaterally (Fig. 27-3). A postoperative arteriogram showed
complete removal of the malformation and extensive

venous thrombosis with essentially no filling of the
entire deep venous system (Fig. 27-4). He was treated
initially with hydration and then later with anticoagulation, but he remained in a coma, although his cranial
nerves functioned normally. He had moderate hydrocephalus preoperatively, and although the ventricles
did not increase in size postoperatively, we treated him
with a ventriculostomy and later with a VP shunt, but
he showed no improvement initially. Very gradually, he
began to improve to the point that several months later,
he was able to walk slowly and move all his limbs well,
although he still had significant spasticity of his arms and
legs. His cognitive function had recovered to his preoperative status. A recent CT scan does not show any significant
infarction (Fig. 27-5).
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Surgical Technique
We decided to excise the malformation without preoperative embolization. This decision was based on the fact
that we felt we would have early surgical access to the
major feeding branches that were from the superior
cerebellar arteries bilaterally. We performed the operation in the sitting position, which we favor for any
supracerebellar infratentorial approach. The craniotomy was a bilateral occipital/suboccipital combined
craniotomy with a bone flap that extended from ~2 cm

B

FIGURE 27–1 (A,B) Preoperative magnetic resonance imaging
showing large, but compact arteriovenous malformation of the
anterior superior cerebellar vermis. (C) Note the very distended
vein of Galen.

above the torcula superiorly to just above the foramen
magnum inferiorly. We have found that this additional
exposure above the transverse sinus and the torcula affords a wider supracerebellar approach by allowing upward retraction of the transverse sinuses and torcula.
The initial supracerebellar infratentorial approach was
surprisingly easy because the lesion was quite anterior
and the venous drainage was mostly to the vein of Galen
so that we had early access to the lesion without encountering arterialized veins. After dissecting the arachnoid
of the incisural space, we were able to gain access to
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the feeders from the superior cerebellar artery, which were
controlled during the early stages of the operation. We
could then dissect with relative ease around the AVM
and finally obliterate its venous drainage to the vein of
Galen. We noted that at the end of the procedure, the
tremendously dilated vein of Galen and internal cerebral veins were now relatively collapsed and, in fact,
were collapsed completely during each diastole.

Analysis of the Case
It is important to note that, preoperatively, this high-flow
AVM drained into the vein of Galen, which then drained in

129

B

FIGURE 27–2 Preoperative vertebral angiogram. (A) Anteroposterior view. (B) Lateral view. (C) Later arterial phase showing the very dilated arterialized vein of Galen draining forward
into the deep venous system without any drainage into the
straight sinus, which was presumably occluded.

a retrograde fashion toward the internal cerebral veins and
the basal veins of Rosenthal (Fig. 27–2C). We assumed that,
perhaps due to hyperplasia from the high arterialized flow,
the straight sinus had become occluded spontaneously.
The deep venous system then became dilated because of
chronic retrograde arterialization. Upon abrupt removal
of the AVM, the deep venous system now was under very
low pressure. It is likely that this abrupt decrease in pressure
in a distended venous system led to extensive retrograde
thrombosis. We chose not to do preoperative embolization
because in our experience preoperative embolization is
associated with significant morbidity. We reserve its use for
very large malformations with very high flow where the
problem of normal perfusion breakthrough is likely to
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could have early access to the major feeding branches from
the superior cerebellar artery, we chose not to use
embolization. It is very likely that if we had reduced the
blood flow gradually to the malformation, the deep venous
system would have gradually “adjusted” to the lower pressure and we may have avoided this problem of extensive
retrograde venous thrombosis, which occurred, in our
opinion, from abrupt decreased pressure and flow through
the deep venous system.

Lessons Learned

FIGURE 27–3 Computed tomographic scan obtained immediately postoperatively. Please note the dry surgical bed and
the high-density area suggesting thrombosis in the basal vein
of Rosenthal.

occur, or to malformations where the surgeon would not
have early convenient surgical access to important feeding
arteries. In this case, we may have underestimated the high
flow of the malformation, and, being confident that we

A

Retrograde thrombosis or postoperative venous infarction in the draining veins is a rare complication of AVM
surgery.1–3 Common features of the previously reported
cases and the present one are the relatively small size of
the AVM, extensive venous drainage, and high flow.2,3
According to a study reported in 33 patients in whom
flow velocities and CO2 reactivities were measured, the
flow velocity in the draining vessels was close to zero
after removal of the AVM nidus.4 This may lead to
venous thrombosis in the draining vessels because
pathological changes in the draining veins have already
taken place and a normal vein with normal endothelium
is not likely to thrombose.
When faced with a high-flow AVM such as this,
where the venous drainage is retrograde into normal
veins that ordinarily drain parenchyma, it is desirable
to reduce the flow gradually in the malformation with

B

FIGURE 27–4 Postoperative vertebral arteriogram. (A) Anteroposterior and (B) lateral views showing complete resection of the
arterovenous malformation.
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FIGURE 27–4 (continued) (C) Venous phase showing no
filling of the deep venous system.

staged embolization or staged ligation of feeding
arteries. The eventual significant improvement in this
patient after having been in a coma for several days
is indicative of the fact that profound neurological
deficits due to venous thrombosis can have a much
better prognosis for eventual recovery than similar
neurological deficits due to arterial occlusive disease.
It is likely that an important clue to the fact that this
patient could eventually make a good recovery was the
fact that the CT scans never showed significant,
irreversible brain damage in spite of the profound
neurological deficit during the initial postoperative
period.

FIGURE 27–5 Late postoperative computed tomographic
scan showing a clip artifact as well as the ventricular catheter
from the VP shunt. Note the absence of deep cerebral
infarctions in spite of the known thrombosis of the deep
venous system.
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Comments
The author has presented an interesting case of retrograde venous thrombosis after excision of an infratentorial arteriovenous malformation. Infratentorial AVMs
are one of the most difficult lesions to be treated in neurosurgery. The case of a large vermian AVM presented
here is a formidable surgical task. The senior author is
one of the best-known AVM surgeons. The postoperative
angiography confirms the excellent surgical techniques
employed; however, although the authors have mentioned the reasons for not considering preoperative

embolization, our experience suggests that preoperative nidus embolization makes a difficult case easier.
We would also like to ask the authors if they would operate on a similar case in the future without embolization.
We agree with the authors’ fundamentals and surgical
strategy in dealing with AVMs. It would have been helpful if the authors had provided the operative scheme
and operative microphotographs.
Hirotoshi Sano
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Dominant Hemisphere Insular Tumor
G. EVREN KELES AND MITCHEL S. BERGER

Diagnosis Dominant hemisphere insular tumor
Problems and Tactics This is a patient with seizure disorder who presented with a large left insular glial tumor. He was operated on using
language mapping techniques, neuronavigation, and microdissection.
Intraoperative stimulation mapping of subcortical pathways and the use of
language mapping techniques are essential during resection of insular
tumors to minimize surgical morbidity, especially in infiltrating tumors at this
location.1,2
Keywords Insula, dominant hemisphere, tumor, language mapping

Clinical Presentation
This patient was an 18-year-old man whose initial complaint was new-onset seizures, with 3 prior. A month later, a
left insular World Health Organization Grade III glioma
was diagnosed by biopsy. Since then he continued to experience seizures, some of which were generalized. He did
not have any additional symptoms. Family history, apart
from a cousin with a brain tumor who died at 16 years of
age, was not significant. His was neurologically intact
except for occasional paraphasic errors. A magnetic resonance imaging (MRI) scan confirmed a large nonenhancing mass in the left frontotemporal area (Fig. 28-1).

Surgical Technique
The patient was taken to the operating room and placed
in supine position with a roll under the left shoulder, with
limbs partially flexed and all pressure points padded. His
head was turned to the right and fixed in the Mayfield
tongs. The scalp fiducials were registered with the Stealth
station (TM) (Medtronic Surgical Navigation Technologies, Minneapolis, MN)navigation system. The scalp was
then scrubbed, prepped, and draped in a sterile fashion.

The patient’s previous incision behind the hairline
was reopened and then extended posteriorly. The scalp
flaps were hooked into place, and then the bone flap
was removed. Another temporal bone flap, including a
small piece in the frontal area, was removed to obtain
adequate exposure. After the dura was opened, cortical
stimulation mapping was performed and the location
that caused speech in speech arrest at 4 mA and was designated as 10 (Fig. 28-2). There were no sites at 5 or
6 mA for naming or reading, and we did not find any
areas that when stimulated resulted in motor movements.
The overlying cortex was coagulated up to Broca’s area
and over the superior and middle temporal gyri. We
began the dissection in the frontal area and entered a
very large and slightly vascular lesion, which was easily
resected with the Cavitron Ultrasonic Surgical Aspiration
System (CUSA). The resection continued down through
the frontal lobe until we entered the ventricle, where a
small piece of Gelfoam was placed. Further resection was
done inferiorly toward the sylvian fissure and the insular
branches were preserved. At this point resection through
the temporal lobe was performed down into the temporal horn, using the microscope so as not to injure any of
the middle cerebral vessels underlying the resected superior temporal gyrus or the inferior insular surface.
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nitrosourea-based or Temodar, also will be considered.
He was discharged on postoperative day 5 on Depakote
and a tapered dosage of Decadron.

Key Points

FIGURE 28–1 Axial T2-weighted magnetic resonance scan
showing a large dominant insular tumor.

The temporal cavity was then connected with the
frontal cavity underneath the middle cerebral vasculature, skeletonizing those vessels. A 90 to 95% resection
was achieved. Subcortical stimulation mapping did not
result in motor movements. As the vascularity of this
tumor increased significantly toward the bottom of the
cavity near the middle cerebral artery branches, this area
was lined with Surgicel and perfect hemostasis was
obtained prior to closing.
The dura was closed in watertight fashion, followed by
central and peripheral tackup sutures. The bone was replaced with plate and screws, and this was followed by
closure of the muscle, galea, and skin in the standard
fashion. The patient tolerated the procedure well and
was taken to the intensive care unit in good condition.

Outcome
As mentioned, the patient tolerated the procedure well.
In the immediate postoperative period he had slightly
slurred speech, naming four out of five objects, and
occasional paraphasias (Fig. 28-3). His motor examination was normal. Speech-related findings resolved by
postoperative day 4, and he was naming five of five objects briskly with fluent language. His wound remained
clean and dry. The pathology confirmed anaplastic astrocytoma. The patient was seen by neurooncology
and arrangements were made for follow-up. He will return to his home town where he will proceed wth external
beam radiation therapy. Adjuvant chemotherapy, either

In general, tumors involving the temporal lobe may
readily be approached in the supine or lateral decubitus
position. The incision and underlying bone flap should
be generous to allow for a radical tumor resection,
swelling during the procedure, and functional mapping,
if necessary. When a previous incision is present, care
must be taken to extend the scalp opening by making
perpendicular incisions from the scar lines, resulting in
a wide base for each new portion of the scalp flap. The
tumor is localized with intraoperative ultrasound or surgical navigation systems. Because the dura is pain sensitive, the area around the middle meningeal artery
should be infiltrated with the lidocaine/marcaine mixture to alleviate discomfort while awake.
Stimulation mapping begins by first identifying the
motor cortex.3 Using multichannel electromyographic
recordings in addition to visual observation of motor
movements results in greater sensitivity, allowing the use
of lower stimulation levels to evoke motor activity. Determination of the subcortical pathways is also important
while removing insular tumors.4 As was the case with the
patient presented here, identification of language sites
is essential to minimize morbidity if the tumor involves
the dominant temporal, mid- to posterior frontal, and
mid- to anterior inferior parietal lobes. After bone
removal, the patient is kept awake during language mapping. The electrocorticography equipment is placed on
the field and attached to the skull after the motor pathways have been identified. The recording electrode–cortex
contact point is stimulated using the bipolar electrode
with the electrocorticogram in progress. This stimulation may result in after-discharge potentials seen on the
monitor. The presence of such after-discharge potentials
indicates that the stimulation current is too high and
must be decreased by 1 to 2 mA until no after-discharge
potential is present following stimulation. At this point,
the patient is asked to count from 1 to 50 while the bipolar stimulation probe is placed near the inferior aspect
of the motor strip to identify Broca’s area. Interruption
of counting (i.e., complete speech arrest) without
oropharyngeal movement localizes Broca’s area. Speech
arrest (e.g., complete interruption of counting) is usually localized to the area directly anterior to the face
motor cortex. Using this ideal stimulation current, object-naming slides are presented and changed every
4 seconds, and the patient is expected to correctly name
the object during stimulation mapping. The answers are
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FIGURE 28–2 (A) Schematic drawing following bone removal and
dural opening, depicting #10 as a cortical language site that causes
speech arrest when stimulated. (B) Pre-resection intraoperative image obtained following cortical stimulation mapping. (C) Intraoperative image captured from the Stealth Navigation Station depicting
the location of #10 causing speech arrest. (D) Drawing showing the
relationship of the tumor with insular and lenticulostriate arteries.
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A negative stimulation mapping may not provide the
necessary security to proceed confidently with the resection; therefore, it is essential to document where language is, as well as where it is not, located, if feasible.
This is also the reason for having a generous exposure,
both to maximize the extent of resection and to minimize the possibility of obtaining negative data. It has
been shown that the distance of the resection margin
from the nearest language site is the most important factor in determining the improvement in preoperative
language deficits, the duration of postoperative language deficits, and whether the postoperative language
deficits are permanent. Significantly fewer permanent
language deficits occur if the distance of the resection
margin from the nearest language site is > 1 cm.
REFERENCES

FIGURE 28–3 Postoperative axial noncontrast magnetic
resonance imaging scan showing a thin rim of blood, which
outlines the resection cavity margins.

carefully recorded. To ensure that there is no stimulation-induced error in the form of anomia and dysnomia,
each cortical site is checked three times. All cortical sites
essential for naming are marked on the surface of the
brain with sterile numbered tickets.

1. Berger MS, Ojemann GA, Lettich E. Neurophysiological monitoring during astrocytoma surgery. Neurosurg Clin N Am 1990;1:
65–80
2. Berger MS. Lesions in functional (“eloquent”) cortex and subcortical white matter. Clin Neurosurg 1994;41:444–463
3. Keles GE, Berger MS. Functional mapping. In: Neuro-Oncology:
The Essentials. Bernstein M, Berger MS, eds. New York: Thieme
Medical Publishers; 2000:130–134
4. Keles GE, Lundin DA, Lamborn KR, Chang EF, Ojemann G,
Berger MS. Intraoperative subcortical stimulation mapping for
hemispherical perirolandic gliomas located within or adjacent to
the descending motor pathways: evaluation of morbidity and assessment of functional outcome in 294 patients. J Neurosurg
2004;100:369–375

Comments
The recent progress of anesthesia and intraoperative
monitoring makes tumor removal at the eloquent area
safe. Even if the tumor involves the basal ganglia like this
case, it can be removed by using functional mapping
and the navigation system. The presented surgery would
be the maximal extent of tumor size that can be removed without worsening the patient’s performance status at present. Despite the progress of these supporting
systems, many perforating arteries require care not to be
injured at the surgery; it still greatly depends on the surgeon’s skill.1

It is most important for us to prolong the useful life in
the treatment of patients suffering malignant glioma.
We must prove that patients who receive extensive surgery survive longer than patients without such operations.
Shigeaki Kobayashi and Tsuyoshi Tada
REFERENCES TO COMMENTS
1. Lang FF, Olansen NE, DeMonte F, et al. Surgical resection of insular tumors: complication avoidance. J Neurosurg 2001;95:638–650
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29
Surgical Removal of Pilocytic Astrocytoma
from Brain Stem and Thalamus
VINKO V. DOLENC

Diagnosis Pilocytic astrocytoma
Problems and Tactics Intraaxial brain stem tumors represent a difficult
tumorous pathology. Tumors in different locations in the brain stem lead to
different clinical problems and corresponding neurological deficits. Despite
such new technologies as neuronavigation and endoscopic microsurgery,
the outcome in surgical treatment of intraaxial tumorous lesions is difficult to
predict. To a certain extent, the only safe way to resect such a tumor is to enter the lesion and resect it piecemeal from the center to the periphery. To
enter such a tumor safely is only possible when the lesion is extending to the
surface of the brain stem and if there is no normal tissue covering the tumor,
at least in a very limited area. Traversing the normal brain tissue to enter the
tumor is extremely dangerous and does always result in additional postoperative neurological deficits. Of greatest importance is the approach to the
tumor through such a corridor that no additional damage to the normal brain
tissue is created. What is also important is that at the borderline of the tumor
facing the normal brain tissue no coagulation is allowed because the lesion
of the normal tissue following even minor coagulation is usually significant.
For the sake of sparing normal brain tissue, it is much better to leave the last
piece of the tumor than to risk damage to the normal brain tissue. Such damage usually does happen when the remnants of the tumor at the periphery are
to be resected, and, to visualize the region, the brain stem tissue is retracted.
That is why the approach is so important, and the central light beam from the
microscope to the last corner of the cavity after resection of the tumorous
mass should be constantly readjusted to avoid retraction of the brain tissue.
Keywords Brain stem tumors, pilocytic astrocytoma

Case I
Clinical Presentation
A 4-year-old, right-handed male patient was admitted to
our neurosurgical department for surgical treatment of

an expansive tumorous lesion in the brain stem. Eleven
months prior to admission to our department, he suffered from pneumonia that was accompanied by high
temperature (up to 41°C). Following this infection, the
parents noticed that his left leg was not functioning
properly. Six months later his left upper arm was not
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functioning properly, and then the right nerve III became affected (ptosis) when he would bend his head to
the left. After consultation with the pediatrician, the leftsided pyramidal symptoms were confirmed and were
found to be more pronounced in the left lower member
in comparison with the left upper member. The progression of symptoms and signs was steady, and the patient
had more and more difficulties with walking and balance, he was tired, he did not like to cooperate, and he
also had occasional headaches. The patient did not
vomit, did not have nausea, and did not have epileptic
seizures. Two months prior to admission to our institution,
slight pyramidal signs and symptoms were also noticed
on the right side. Finally, 1 month prior to admission to
our department, magnetic resonance imaging (MRI)
was performed, and the diagnosis of the brain stem tumor was established. The patient was treated with corticosteroids and gained weight (4.5 kg) as a result, but did
not improve neurologically.
On admission to our facility, the patient was conscious, restless, and not fully cooperative. Nerve III
palsy was found on the right side. The head was inclining to the left. The functions of the other nerves, apart
from nerve III, were normal bilaterally. Severe spastic
hemiparesis with Babinski’s sign was found on the left
side. The right (upper and lower) extremities were
practically normal. MRI performed at our neuroradiological department prior to surgery revealed a large,
partially cystic tumor in the posterior part of the right
hypothalamus and in the brain stem. The smaller
portion of the lesion in the brain stem was also cystic
(Fig. 29-1A,C,E).
Despite the fact that the symptoms and signs were
already present almost 1 year prior to admission to our
institution, and that the tumor (due to its size and location) was declared as inoperable, and that the patient
was already bedridden, we nevertheless decided to proceed with surgery. The decision was based on our experiences with hypothalamic and brain stem tumors, as well
as on the basis of the MRI scans, which were in accordance with pilocystic astrocytoma.

Surgical Technique
The interhemispheric–transcallosal–transventricular approach was used, as has already been described for
hypothalamic and brain stem lesions.1 After sectioning
the corpus callosum in its anterior half, between both
pericallosal arteries, the right lateral ventricle was entered. The septum pellucidum was left intact, and the
septal and thalamostriate veins on the right side, as
well as the choroidal plexus were preserved. The right
foramen Monroi was widely dilated and was used as the
corridor toward the tumor bulging into ventricle III

from the right thalamus. After aspiration of the cerebrospinal fluid (CSF), the brain was slack, and a corridor through the foramen Monroi was wide enough to
visualize the bulging tumor into ventricle III. First, the
solid part of the lesion was entered and carefully
removed piecemeal from the center of the lesion toward
the periphery. The tumor was grayish and poorly vascularized. After the solid part of the lesion had been
removed, the cystic part was reached and the membrane
of the cyst was dissected from the normal brain tissue.
The most important guidance for the resection of a pilocytic astrocytoma is the consistency of the lesion and the
grayish color of the tumorous tissue, which is distinctly
different from the normal tissue, as it was in this case. It
was possible to resect the tumor completely and to
achieve complete hemostasis at the borderline between
the tumor and normal brain tissue.

Outcome
The control contrast-enhanced MRI 16 hours postsurgery (on the following day) revealed gross-total
removal of the lesion (Fig. 29-1B,D,F). The patient
tolerated the procedure well and did not have any
additional symptoms and signs following surgery. On
the contrary, the patient improved greatly during even
the first postoperative days, so that he became cooperative and did not complain of headache. Verbal contact
with him improved and was almost normal at the end of
the first postoperative week. He was able to sit up on the
fourth postoperative day and was able to stand after
1 week postoperatively.
The histology revealed pilocytic astrocytoma—as
anticipated on the basis of MRI scans prior to surgery—
and no complementary treatment was instituted. No
endocrinological disturbances were found prior to or
after surgery. The only exception was weight gained
prior to surgery due to unnecessary treatment with
corticosteroids. At the first postoperative control
2 months postsurgery the patient is eating normally,
positions his head normally, and is walking with a little
help, though left-sided spastic hemiparesis (while
being less pronounced than immediately postsurgery)
is still present. Nerve III palsy on the right side is still
present.

CASE II
Clinical Presentation
A 14-year-old boy experienced occasional headaches in
the 6 months prior to admission to our department.
He located the headache in the frontal region. Headache was experienced three to four times per week,
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FIGURE 29–1 Preoperative contrast-enhanced (A) transaxial,
(C) coronal, and (E) sagittal magnetic resonance imaging (MRI)
scans demonstrate a large solid and partially cystic tumor located in the upper brain stem, slightly eccentrically on the right
side. The cystic portion of the lesion is on the posterior side of
the tumor (A,E), with extremely distended and compressed remaining normal brain tissue around the cyst posteriorly (A,E).
Corresponding postoperative (B) transaxial, (D) coronal, and
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F

(F) sagittal MRI scans demonstrate gross-total removal of the
lesion. The preoperatively very thin layer of the normal brain tissue around the tumorous cyst is now thicker (B). A defect in the
brain stem, and a small rest tumor, well presented with injection
of the contrast, are revealed in the coronal plane (D). A small
defect in the corpus callosum and small residual tumor, as well
as the cavity after removal of the tumor in the upper brain stem,
are well presented in the sagittal plane (F).
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usually in the afternoon; however, it did subside by itself
or after using a mild painkiller. In addition, his intellectual performance in school slowly but steadily became
impaired. He showed increasingly less interest in school,
where he was blamed for mild changes in his behavior as
well as for his evidently lower performance. Finally, both
at school and at home, it was noticed that he was dropping things.
Computed tomography (CT) without contrast showed
a suspicious lesion in the right thalamus, extending in
the caudal direction into the brain stem. Contrastenhanced MRI (Fig. 29-2A,C,E) revealed a partially
cystic but mainly solid lesion in the right thalamus
extending into the right half of the upper brain stem.
At admission to our department, he was clumsy with
his left hand, while in his left lower limb spastic paresis
was evident. The eye doctor found initial engorgement on the fundi bilaterally. There were no speech
disturbances nor any neurological deficits in the left
extremities.

Surgical Technique
The intense opacification of the solid portion of the
lesion, following contrast injection, as well as the cystic
compartment (though smaller) of the lesion, and the
location of the lesion (midline structures) all pointed to
the diagnosis of a pilocytic astrocytoma. It was decided
that the treatment of choice should be surgical exploration and biopsy of the lesion or, if possible, resection
of it. Because the bulk of the solid portion of the lesion
was in the upper brain stem and it looked as if the lesion
was reaching the surface of the brain stem on the right
side, the decision for the approach through the cisterna
ambiens seemed to be appropriate. The patient was
placed in the left lateral park-bench position, and the
occipital–suboccipital craniotomy was performed. The
approach below the occipital lobe—transtentorial and
transcisternal—toward the upper brain stem on the
right side was used. No abnormality was seen on the surface on the right side of the upper brain stem. Following
the additional detailed discussion in the operating theater, on the basis of intraoperative findings and MRI, it
was decided to stop the surgical procedure to avoid the
risk of additional neurological deficits by “traversing”
the tiny “coat” of normal brain stem tissue covering the
tumor. No additional neurological deficits were created
by this surgical attempt.
Following the discussion with the patient and his family, who were fully aware of his condition, the decision
was undertaken for an additional surgical approach
through the interhemispheric approach.
One week later the patient underwent a second surgical attempt. The patient was placed in the sitting position.

Craniotomy in the occipital region was extended over
the midline, so that the posterior segment of the superior sagittal sinus, confluens sinuum, and the first part of
the right transverse sinus were visualized. Using the
interhemispheric approach, the posterior falx, the tentorium, and the pineal region were visualized. The right
thalamus was reached lateral to ventricle III. Poorly vascularized, grayish tumor was found and resected piecemeal from its center to the borders, until normal neural
tissue was reached. It was possible to follow the tumor in
the caudal direction into the brain stem, from where it
was also gross-totally resected (Fig. 29-2B,D,F).

Outcome
The patient tolerated the procedure well, and this second surgery did not cause any additional symptoms or
signs. The histology revealed pilocytic astrocytoma. No
complementary treatment was instituted. Corresponding contrast-enhanced MRI scans 6 months postsurgery revealed gross-total removal of the lesion. At
the neurological checkup 6 months later he still has
slight left-sided spastic hemiparesis, but he is completely independent and walking by himself. Intellectually he has been able to catch up at school for what
he had lost in the 2 months prior to surgery, as well as
during 1 month of treatment and rehabilitation.

Key Points
The general approach in terms of positioning the
patient, skin incision, craniotomy, and the interhemispheric–transcallosal–transventricular approach for the
midline lesion occupying the medial portion of the thalamus is practically the same as the approach to the hypothalamic and upper brain stem lesion.1 One has to be
careful not to damage the draining veins coursing toward and through the foramen Monroi, and not to damage the fornix. Because these tumors are usually bulging
into ventricle III, there is also associated hydrocephalus,
and that is the reason why the foramen Monroi is also
enlarged. In the tumors involving the posterior thalamus and invading the brain stem, it is better to use the
posterior interhemispheric approach than to enter the
tumor at the side of the quadrigeminal plate. The brain
stem should never be entered from the lateral side unless the tumor reaches the surface. The imaging (even
precise MRI) may mislead the surgeon to conclude that
there is no normal tissue over the tumorous lesion anymore. In our second case we were convinced that the
tumor had reached the surface; however, at first surgery
we realized that there was a thin layer of normal tissue
over the tumorous lesion. Such a thin layer of normal
tissue represents actually more tissue than is seen on the
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FIGURE 29–2 Preoperative contrast-enhanced (A) transaxial, (C) coronal, and (E) sagittal magnetic resonance imaging
(MRI) scans show a rather large, mainly solid and partially
cystic tumorous lesion in the left thalamus and on the left side
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of the upper brain stem. Corresponding contrast-enhanced
(B) transaxial, (D) coronal, and (F) sagittal MRI scans demonstrate gross-total resection of the lesion.
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MRI because the normal tissue is displaced and compressed. The decision not to enter the lesion by traversing the normal neural tissue was correct because with
the second surgery, by using the different approach, no
neurological symptoms and signs were created. I believe
that in most cases of pilocytic astrocytomas the tumor
could be resected totally or gross-totally by choosing the
appropriate approach. It is very important to remove a
pilocytic astrocytoma surgically totally or gross-totally because this tumor behaves differently than do the lowgrade astrocytomas in the hemispheres. Unfortunately, a
large number of pilocytic astrocytomas are still declared
to be inoperable and are hence irradiated; however, no

irradiation can destroy the tumor, or even at least block
it, nor can it spare the function of the normal neural tissue displaced and compressed by these lesions. By contrast, most of these patients, when they are irradiated,
do not get rid of the tumor. In addition, the preexisting
neurological symptoms and signs increase in their intensity, and even new deficits are added.
REFERENCES
1. Dolenc VV. Hypothalamic gliomas. In: Advances and Technical
Standards in Neurosurgery. Vol 25. New York: Springer; 1999:
161–194

Comments
This case demonstrates excellent techniques for removing upper brain stem tumors by a world-renowned expert neurosurgeon. The author is to be congratulated
that two large pilocytic astrocytomas were gross-totally
resected from the thalamus and midbrain without causing additional neurological deficits.
Dr. Dolenc suggests that a midline approach is better
than a lateral approach unless the tumor appears on
the lateral surface of the brain stem. The postoperative
CT images clearly demonstrate that the thinned layer of
normal brain tissue has become thicker after the tumor
removal, proving that the overlying brain tissues were
compressed and not deficient. The proposed basic principle of approaching a brain stem tumor by entering
through the part where no brain tissue is covering the
lesion is now generally accepted and important to
know.
The author’s surgical philosophy is well illustrated; no
additional symptoms should follow the removal of a tumor even if it is located in the brain stem. As we see in
the second case, the initial approach was wisely terminated without entering the brain stem because of the
overlying normal brain tissue, and after careful examination and informed consent, the tumor was successfully
removed by the second (interhemispheric) approach.
A midline approach is also preferable for lower brain
stem tumors as we proposed.1 For deep intraaxial tumors
with normal brain tissues all around, additional symptoms cannot be avoided when the lesion is approached.

When life is in danger and expected postoperative
symptoms would be tolerable, direct surgery can be undertaken. In that case, however, the symptoms should
be minimized. One of the main reasons for favoring
midline approaches is that blood supply is coming from
the ventral side, so that approaching from the dorsal
side (i.e., through the fourth ventricular floor) would
cause less deficits when the entry point is carefully
selected. As to the entry point, electrophysiological
mapping could be helpful in addition to anatomical
orientation.
Technical tips suggested by Dr. Dolenc are instrumental
and very important, including no coagulation, frequently
adjusting the central beam light of the microscope, no
retraction of the bordering normal brain tissue, and watching the discoloration of the tumor tissue at dissection.
As we accumulate experience with these rare cases, we
will learn more about physiology of the human brain
stem, which in turn will help us develop safer approaches to intraaxial brain stem tumors.
Shigeaki Kobayashi

REFERENCES TO COMMENTS
1. Kyoshima K, Kobayashi S, Gibo H, Kuroyanagi T. A study of safe
entry zones via the floor of the fourth ventricle for brain-stem
lesions: report of three cases. J Neurosurg 1993;78:987–993
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A Large Ependymoma with Intratumoral
Hemorrhage in the Medulla Oblongata
JUNICHI MIZUNO AND HIROSHI NAKAGAWA

Diagnosis Ependymoma
Problems and Tactics A large mass was found at the dorsal portion of the
medulla oblongata in a previously healthy woman. Although high surgical
risk was recognized, total removal of the tumor was performed for decompression of the medulla oblongata.
Keywords Ependymoma, medulla oblongata, neuronavigation, intraoperative monitoring

A previously healthy 58-year-old woman was admitted
to the emergency room because of suffocation after
accidental aspiration of water into the trachea. Physical examination showed difficulty in breathing and
low grade fever, and chest radiograph revealed clouding of the lungs bilaterally. Neurological examination
showed absence of gag reflex, diminished movement
of the retropharyngeal wall, and diminished sensation
(both superficial and deep sensation) in the four
extremities. Computed tomography (CT) on admission showed a large, round, low-density mass at the
Medulla oblongata. Plain magnetic resonace imaging
(MRI) revealed niveau formation in the mass. Subsequent enhanced MRI revealed a ring enhancement
(Fig. 30-1).

performed on the midline from the inion down to the
C2, followed by osteoplastic craniotomy with partial
removal of the C1 posterior arch. After durotomy in a
Y-shaped fashion, the markedly enlarged medulla
oblongata was exposed between the cerebellar tonsils
beneath the arachnoid membrane. After dissection of
the arachnoid membrane, aspiration of 20 mL of
an old hematoma in the tumor was performed. The
posterior median sulcus was carefully dissected, and
then the relatively demarcated grayish tumor was
observed. Several pieces of the tumor were removed
for pathological diagnosis, and it was identified as
metastatic carcinoma. To avoid deterioration of neurological function by performing total removal, subtotal
removal of the tumor was performed. Neuronavigation
and intraoperative electrical monitoring were used
throughout the operative procedure.

Surgical Technique

Second Operation

Clinical Presentation

First Operation
The patient was placed in a prone position with her
head moderately flexed. A linear skin incision was

A second operation was planned because the diagnosis
was corrected from metastatic carcinoma to atypical
ependymoma by the permanent specimen(Fig. 30-2A,B).
Using the previous wound, the residual tumor was
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FIGURE 30–1 (A) T2-weighted magnetic resonance imaging (MRI) revealed niveau formation in a large mass suggestive of
intratumoral hemorrage at the dorsal portion of the medulla oblongata. (B,C) Enhanced MRI revealed ring enhancement.

exposed and was carefully removed from the surrounding
medulla oblongata. The cleavage was relatively clear; however, adhesion was occasionally observed. While monitoring the tenth and twelfth cranial nerve function, total
removal of the tumor was completed (Fig. 30-3).

With daily rehabilitation of her retropharyngeal function, the patient became able to drink and eat 3 months
postoperatively. She was discharged with reasonable
recovery of sensation in all four extremities and restored
swallowing function.

Outcome

Key Points

Immediately after surgery, the patient had difficulty in
swallowing and drinking despite good MRI results;
however, no additional neurological deficits appeared.

This was an extremely difficult case because this large
tumor was situated dorsally inside the intrinsic medulla
oblongata, severely suppressing the function of the

A

B

FIGURE 30–2 (A) Frozen section of the specimen taken from the
first operation showing signet-ring cells (H-E stain, original magnification  330). (B) (Left) Areas with epithelial-like lining of ciliated
columnar epithelium (H-E stain, original magnification  200). (B)
(Right) Areas with perivascular rosettes (H-E stain, original magnification  200).
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FIGURE 30–3 Magnetic resonance imaging after the second operation confirmed total removal of the tumor in the medulla
oblongata.

posterior column and tenth cranial nerve. It was difficult
to identify whether this lesion was an extraaxial or
intraaxial mass by examination of the preoperative CT
and MRI. Possible differential diagnoses included brain
abscess, glioma, metastatic brain tumor, or other
rare pathologies. It was essential to avoid injury to the
surrounding nerve tissues as well as to preserve the
residual function of the damaged posterior column and
tenth cranial nerve when removing this large mass
located so close to the medulla oblongata.
In this case, intraoperative electrical monitoring of
the tenth and twelfth cranial nerves was used as well as
the short somatosensory evoked potential and the motor
evoked potential. Although it was difficult to decide
when to stop manipulation when the electrical waves
diminished or were absent, this electrical monitoring
was essential for safe removal of the tumor, particularly
such a large tumor in the medulla oblongata.
Neuronavigation is increasingly popular for skull
base operations or when spinal instrumentation is
performed.1,2 It turned out to be very useful for
removal of the mass in this case because identifying
the relationship between the tumor and the adjacent
neural tissues was crucial. Without knowing the surgical plane between the tumor and the surrounding
brain stem, operative manipulation may be hazardous
to the complex nucleus of the intrinsic cranial nerves.
The inferior lozenge of the floor of the fourth ventricle is particularly rich in sensory and motor nuclei.
Both of the nuclei of the tenth and twelfth pair of
cranial nerves can be found below the striae medullares.
Medially to the fovea inferior lies the trigonum
hypoglossi with the nucleus of the twelfth cranial
nerve. External to the fovea inferior, the area cinerea

delimits the dorsal motor nucleus of the vagus. These
nuclei are located in the central gray matter.3 Ependymomas are usually well delimited with partial adherence
to adjacent brain and vascular structures; therefore,
damage to the nucleus of the cranial nerves can be
avoided using neuronavigation, electrical monitoring,
and knowledge of the microsurgical anatomy of the
medulla oblongata.
To make a diagnosis with a frozen specimen was difficult in this case. The frozen section showed neoplastic
cells containing atypical nuclei called signet-ring cells,
which are commonly observed in adenocarcinoma. As a
result, total removal of the tumor was abandoned at the
first operation, and supplemental radiotherapy was
planned to preserve the nerve function; however, the
second operation aimed at total removal of the residual
mass was selected instead of radiotherapy because the
diagnosis was signet-ring cell ependymoma.4,5 This
histological confusion led us to perform the two-stage
operation in this case.
REFERENCES
1. Alp MS, Dujovny M, Misra M, et al. Head registration techniques
for image guided surgery. Neurol Res 1998;20:31–37
2. Hardenack M, Bucher N, Falk A, et al. Preoperative planning and
intraoperative navigation: status quo and perspectives. Comput
Aided Surg 1998;3:153–158
3. Carpenter MB. Core Text of Neuroanatomy. 2nd ed. Baltimore:
Williams and Wilkins; 1978
4. Hirata J, Nakazato Y, Iijima M, et al. An unusual variant of ependymoma with extensive tumor cell variation. Acta Neuropathol
(Berl) 1997;93:310–316
5. Vajtai I, Mucsi Z, Varga Z, et al. Signet-ring cell ependymoma: case
report with implications for pathogenesis and differential diagnosis. Pathol Res Pract 1999;195:853–858
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Comments
The authors describe the successful management of a
large neoplasm of the lower brainstem. The therapeutic
difficulties involve at least four aspects of the case:
1. The location within the medulla oblongata.
2. The relationship between tumor and brainstem parenchyma.
3. The remarkable size of the lesion.
4. The intraoperative decision making, based upon a
preliminary histopathological diagnosis.
Lesions located within the medulla oblongata always
constitute a great challenge for the neurosurgeon
because of the anatomical and functional complexity of
this brainstem segment. From the preoperative images it
could not be clearly determined whether the lesion was a
compact formation that was totally intrinsic or perhaps
exophytic. It was also impossible to anticipate the exact
nature of this lesion only from the imaging. On the other
hand, the niveau formation was rather suggestive for a
benign lesion, and evacuation of the cyst alone could be
expected to lead at least to some clinical improvement.
The indication for surgery was therefore correct, and it is
understandable that the procedure was interrupted once
a metastatic carcinoma was diagnosed during surgery.
Retrospectively, one may argue that the surgeon should
have continued with the resection because the lesion was
well delineated to the surrounding parenchyma with
only occasional adhesions, as was revealed during the
second procedure. Such a feature is typical for ependymomas, even for WHO grade II tumors as in this case.

The kind of surgery described by Mizuno and Nakagawa
has many similarities with resection of an intramedullary
tumor of the spinal cord. Electrophysiological monitoring, including direct stimulation of the motor nuclei of
the lower cranial nerves, is mandatory and gives the surgeon a certain amount of confidence with regard to
brainstem function during surgical manipulations. While
the authors mentioned the usefulness of neuronavigation
in identifying the relationship between tumor and adjacent neural structures, I doubt that the resolution of the
neuronavigation system was high enough for such a demanding purpose. Aiming for completeness of surgical
resection, I would not rely on neuronavigation in this situation. Because the medulla was compressed and displaced by the tumor to a great extent, it would have been
practically impossible to discern all anatomical details of
the region, such as the inferior fovea, the area postrema,
the vagal and hypoglossal triangles, and the median
Sulcus. The surgeon can only rely on what he can see
under high magnification—the difference in color and
aspect between lesion and adjacent parenchyma—and
on what he can feel through his instruments—the difference in tissue consistency between brainstem and tumor.
Dealing with the vascular supply to the tumor that originates from the medulla is one of the most important
aspects of the surgical technique in such cases. The
authors have done a great job, as evidenced by the good
clinical outcome after two microsurgical procedures.
Helmut Bertalanffy
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31
Angiomatous Acoustic Neuroma
SEAN A. McNATT AND STEVEN L. GIANNOTTA
Diagnosis Angiomatous acoustic neuroma
Problems and Tactics A large hypervascular acoustic neuroma was
identified in a young man. Two attempts at resection were truncated by
sudden vascular engorgement and parenchymal swelling that collapsed the
operative corridor and made hemostasis difficult. Rapid redistribution of
blood during tumor resection may have contributed to these developments,
akin to the normal perfusion pressure breakthrough seen in resection of
arteriovenous malformations (AVMs). Surgical strategies typically used for
AVMs and hemangioblastomas were useful in the management of this
lesion.
Keywords Acoustic neuroma, vestibular schwannoma, hypervascular, tumor

Clinical Presentation
A 21-year-old man presented with a 1-year history of progressive headaches and hearing loss in the left ear. He
also reported morning nausea and balance difficulties
for 4 months. A magnetic resonance imaging (MRI)
scan was obtained that revealed a 4.5-cm enhancing
mass in the left cerebellopontine angle with significant
brain stem compression and numerous flow voids
(Fig. 31-1). Radiographic characteristics were consistent with an acoustic neuroma. The patient was referred
for surgical resection.

Surgical Technique
The patient was placed supine with the head turned to
the right. Facial nerve electromyographic (EMG) recordings were monitored. A left postauricular incision
was made and the scalp and temporalis fascia were
opened as separate layers. A cortical mastoidectomy was
performed, skeletonizing the sigmoid sinus and the transverse sinus to the jugular bulb inferiorly. A labyrinthectomy was performed, removing the three semicircular
canals and skeletonizing the internal auditory canal. The

dura was incised anterior to the sigmoid sinus toward
the porus acousticus and reflected superiorly. The pontomedullary cistern was opened and the cerebrospinal
fluid (CSF) drained. The tumor surface was identified
and numerous large arterialized vascular channels were
noted on its surface. The two largest channels were
clearly veins but they carried arterialized blood. Tumor
debulking ensued, slowed by the resistance of these
abnormal vessels to electrocautery. After approximately
one third of the tumor was removed, the tumor bed and
cerebellar hemisphere suddenly began to swell. This
pulsatile engorgement quickly obscured the operative
corridor despite repeated doses of mannitol and hyperventilation. An abdominal fat graft was placed, the
wound was closed, and the patient recovered without
incident. A postoperative computed tomographic (CT)
scan showed no evidence of ischemia or hemorrhage to
explain the intraoperative events.
A cerebral angiogram was obtained on postoperative
day 3 in preparation for a second resection. Hypervascularity with AV shunting was noted, with supply from the
left anterior inferior cerebellar artery (AICA) and early
draining veins (Fig. 31-2). Preoperative embolization
was thought to carry significant risk due to the
need to cannulate the AICA, and was not performed.
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FIGURE 31–1 Axial gadolinium-enhanced magnetic resonance imaging showing large acoustic neuroma in the
left cerebellopontine angle with numerous flow voids on the
tumor surface and within the tumor.

The second attempt at resection was equal in difficulty
to the first. After an additional third of the tumor was removed large arterialized veins became engorged and the
brain began to swell. Bleeding ensued that was refractory to bipolar cautery. Hemostasis was achieved by packing the resection bed with Surgicel. Large venous channels that coursed along the facial nerve became dilated

FIGURE 31–3 Postoperative contrast-enhanced computed tomography demonstrating gross total resection of the tumor.

and turgid, compressing the nerve. The facial nerve
EMG signal was lost and the procedure was terminated.
At this point, the options were discussed with the patient, including observation, stereotactic radiotherapy,
or another resection.1–3 The patient vehemently wanted
a surgical cure. A third resection was undertaken 12 days
later, at which time the microvasculature appeared surprisingly normal. Many of the abnormal vessels had
spontaneously thrombosed and a gross total resection
was easily accomplished. The facial nerve was repaired
with a greater auricular nerve cable graft. The patient
developed CSF rhinorrhea on postoperative day 8,
which resolved with placement of a pressure dressing
and lumbar CSF drainage. A palpebral spring was placed
for eye protection.

Outcome
A postoperative contrast-enhanced CT showed no significant residual tumor (Fig. 31-3). Sixteen months
postoperatively, the patient was doing well and had
recovered House grade 3 facial nerve function. A 2-year
follow-up scan shows no residual tumor.

Key Points

FIGURE 31–2 Anteroposterior projection of a left vertebral angiogram showing hypervascularity with early draining veins.
Predominant arterial supply is from the anterior inferior cerebellar artery.

This hypervascular acoustic neuroma presented numerous surgical challenges. The exaggerated vascularity and
arteriovenous shunting seen in this tumor are uncommon in acoustic neuromas and are most analogous to
those seen in hemangioblastomas or arteriovenous malformations. Piecemeal resection of the tumor appears
to have redistributed blood to adjacent brain with
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altered autoregulatory capacity, as posited in the theory
of normal perfusion pressure breakthrough.4 The resulting vascular congestion and parenchymal swelling
prompted abortion of the procedure on two occasions.
By the third resection, much of the abnormal arterial
supply had spontaneously thrombosed and total resection was obtained. The potential for such significant
vascularity and AV shunting may be anticipated when
imaging demonstrates such large internal flow voids.1
Preoperative embolization, had it been feasible, would
have facilitated resection much in the same way as an
AVM. In the absence of this adjunct, staging was the only
effective strategy. Our ability to access the arterial feeders
at their origin was hampered by the need to resect
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substantial portions of the mass leading to signs of perfusion breakthrough. The role for stereotactic radiosurgery
in such cases warrants further investigation.
REFERENCES
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2. Sheptak P, Janetta P. The two-stage excision of huge acoustic
neurinomas. J Neurosurg 1979;51:37–41
3. LeMay D, Sun J, Fishback D, Locke G, Giannotta S. Hypervascular
acoustic neuroma. Neurol Res 1998;20:748–750
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Comments
Dr. McNatt and Dr. Giannotta presented a quite educative case with highly vascularized acoustic neurinoma. The vascularity and AV shunting spontaneously
diminished after the staged operations. The MRI before the first operation is characteristic, showing
many flow voids that correspond to the rich vasculature. It was the right decision to abandon further surgical maneuvers when the residual tumor swelled.
The gamma knife would be one of the treatment

options if the size of the residue is smaller than 3 cm.
We experienced an efficacy of the local infiltration of
pure alcohol to ruin the vascular bed in such a hypervascular neurinoma. It is worthwhile to remember
that the staged operations and subsequent spontaneous collapse of the rich vasculature are expected in
hypervascular neurinomas.
Yuichiro Tanaka and Shigeaki Kobayashi
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32
Total Removal of a Large Vestibular
Schwannoma with Hearing Preservation
TAKASHI TAMIYA AND TAKASHI OHMOTO

Diagnosis A large vestibular schwannoma in a patient with useful hearing
Problems and Tactics A 45-year-old man had a large right vestibular
schwannoma, 3.5 cm in diameter, and useful hearing. A gross total removal
of the tumor was performed via a right suboccipital retrosigmoid approach,
and the patient’s hearing was preserved. The operative techniques of
hearing preservation in patients with large vestibular schwannomas are
discussed.
Keywords Vestibular schwannoma, hearing preservation, suboccipital
retrosigmoid approach

Clinical Presentation
A 45-year-old man complaining of dizziness was referred
to our hospital with a large mass in the right cerebellopontine angle on the computed tomographic (CT) scan.
On admission, the patient exhibited no neurological
abnormality. Subsequent magnetic resonance imaging
(MRI) showed a large enhancing mass, 3.5 cm in maximal
diameter, in the right cerebellopontine angle (Fig. 32-1).
A CT scan with bone windows showed a slight enlargement
of the right internal auditory canal. On audiometrical
examinations, the patient’s pure-tone average (PTA)
(the average of thresholds at 500, 1000, and 2000 Hz)
was 25 dB, the speech discrimination (SD) was 100% at
70 dB, and the brain stem auditory evoked potential
(BAEP) was normal on both sides. The tumor was diagnosed as a vestibular schwannoma.

Surgical Technique
The patient was placed in the lateral position and the
upper part of the body was elevated 15 degrees, with
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forward flexion of the head. A vertical skin incision was
made 1 cm medial to the mastoid process. A suboccipital
craniotomy (5  4 cm) was performed in the usual manner to expose the genu of the transverse and sigmoid
sinuses. After the dura was opened, the lateral medullary
cistern was opened and cerebrospinal fluid (CSF) was
allowed to drain.
Under the microscope, the arachnoid was dissected
from the tumor capsules carefully to prevent injury to
the vessels on the cerebellar and brain stem sides. The
tumor capsule, which was safely defined with facial stimulation by the Silverstein Facial Nerve Monitor/Stimulator (Medical Electronics, USA), was coagulated and
opened. The tumor was then internally debulked with
ultrasonic aspiration. After debulking, the arachnoid
was dissected to expose the inferior tumor capsule.
The ninth, tenth, and eleventh cranial nerves, which
were covered by arachnoid, were identified. Internal
decompression, arachnoid dissection, and removal of
the tumor capsule were performed repeatedly. Superiorly, the tumor extended to the cerebellar tent. The
petrosal vein and the fourth and fifth cranial nerves,
which were covered by arachnoid, were identified. A
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FIGURE 32–1 Preoperative magnetic resonance images showing a right vestibular schwannoma 3.5 cm in diameter. (A) Axial
enhanced T1-weighted image. (B) Axial heavily T2-weighted image. (C) Coronal enhanced T1-weighted image.

cranial nerve bundle, which was seen inferomedially,
was identified with the cochlear nerve by recording of
the direct cochlear nerve action potentials. The
cochlear nerve was dissected toward the internal auditory canal, preserving the branches of the anterior inferior cerebellar artery along the cochlear nerve. The
seventh cranial nerve was identified anterior to the
cochlear nerve through electrical stimulation. Sharp
dissection separated the facial nerve from the tumor
capsule toward the internal auditory canal. After the
tumor on the brain stem side was removed, the operating table was rotated so that we could see the internal
auditory canal. The posterior wall of the internal auditory canal was removed with a diamond burr on the
high-speed drill. The tumor in the internal auditory canal was removed through sharp dissection with microscissors and a thin dissector. Bleeding along the
nerves occurred, but stopped spontaneously with saline
irrigation and the placement of oxidized cellulose
(Surgicel®). The final intraoperative view showed that
the fourth, fifth, sixth, seventh, cochlear, ninth, tenth,
and eleventh cranial nerves were identified and preserved (Fig. 32-2). The internal auditory canal was
sealed with bone wax and filled with a muscle graft and
fibrin glue to prevent CSF leakage. Physiological
preservation of the facial nerve was assessed through
direct stimulation of the nerve. Intraoperative BAEP
recording demonstrated that the BAEP waves were not
changed during the operation.

examinations showed the PTA to be 30 dB, a decrease in
the high-frequency pure-tone hearing (8000Hz), and a
SD of 95% at 70 dB. Postoperative MRIs showed total
removal of the tumor (Fig. 32-3).

Outcome
The patient’s postoperative course was uneventful. Transient facial nerve paresis (House and Brackmann Grade 2)
occurred, but resolved completely within a week. The patient’s hearing was still useful. Postoperative audiometrical

FIGURE 32–2 Intraoperative photograph (upper) and
schematic drawing (lower) showing (A) the fifth, (B) seventh,
(C) cochlear, and lower cranial nerves after total removal of
the tumor.
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B

FIGURE 32–3 Postoperative magnetic resonance images showing total removal of the tumor. (A) Axial enhanced T1-weighted
image. (B) Coronal enhanced T1-weighted image.

Key Points
It is very difficult to totally remove vestibular schwannomas greater than 2 cm in diameter while preserving
hearing. Recent authors have concluded that, even in
patients with large vestibular schwannomas who have
useful hearing, total removal with hearing preservation
should be attempted.1–3 In our experience, the hearing
preservation rate of surgery in patients with vestibular
schwannomas smaller than 2 cm in diameter is approximately 50%. In those with large vestibular schwannomas, postoperative useful hearing is rare, although
most of these patients do not have useful hearing preoperatively.
The suboccipital retrosigmoid approach is used for
almost all patients with vestibular schwannomas in our department. Although good postoperative hearing preservation is achieved by using the middle fossa approach for
vestibular schwannomas up to 2 cm, the suboccipital
retrosigmoid approach is most suitable for hearing
preservation surgery in patients with large vestibular
schwannomas.1–5
There are several key points to removing large vestibular schwannomas totally while preserving hearing. First,
intraoperative monitoring, including electromyography
of facial muscles, facial nerve stimulation, BAEP, and
cochlear nerve action potentials, is useful for identifying cranial nerves.1,2,4 In our patient, the cochlear nerve
could be identified at the early stage of tumor removal.

Second, arachnoidal dissection is important for separating
the tumor capsule from adjacent nerves and vessels.4,5
The arachnoid over the lateral part of the tumor is a
double layer that extrudes from the internal auditory canal.5 Arachnoid dissection from the tumor capsule
maintains a good plane of separation and prevents
unnecessary injury to vessels and nerves. Large vestibular
schwannomas should be sufficiently debulked internally
to thin the tumor capsule.4,5 The thinner the tumor
capsule, the easier and more safely the capsule can be
separated from important adjacent structures. The facial
and cochlear nerves may thin, fan out, and adhere to
the capsule too firmly to be separated, especially near
the internal auditory meatus; therefore, the tumor capsule should be separated from the nerves with sharp
dissection using microscissors and a thin dissector. A
thin layer of the tumor capsule should be left if the
nerves fan out too much. Finally, the auditory artery, a
branch of the anterior inferior cerebellar artery entering the canal with the cochlear nerve, must be preserved
to maintain hearing.4 If bleeding occurs along the
nerves, bipolar coagulation should not be used. The
bleeding will stop with the use of saline irrigation and
oxidized cellulose (Surgicel®). These techniques are
essential to preserve physiologically the facial and
cochlear nerve functions.
Although vestibular schwannomas cannot always be totally removed with facial and cochlear nerves preservation,
this goal should be set for all vestibular schwannomas in
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patients with preoperative useful hearing regardless of
the size of the tumor.

REFERENCES
1. Fahlbusch R, Neu M, Strauss C. Preservation of hearing in large
acoustic neurinomas following removal via suboccipito-lateral
approach. Acta Neurochir (Wien) 1998;140:771–778

155

2. Samii M, Matthies C. Management of 100 vestibular schwannomas
(acoustic neuromas): hearing function in 1000 tumor resections.
Neurosurgery 1997;40:248–262
3. Snyder W, Pritz MB, Smith RR. Suboccipital resection of a medial
acoustic neuroma with hearing preservation. Surg Neurol
1999;51:548–553
4. Tew JM Jr, van Loveren HR, Keller JT. Brain Tumors. Philadelphia: WB
Saunders; 2001:166–177. Atlas of Operative Microneurosurgery, vol 2
5. Malis LI. Nuances in acoustic neuroma surgery. Neurosurgery
2001;49:337–341

Comments
My personal congratulations to these authors for achieving such excellent results in the removal of a large vestibular schwannoma.
In my personal series of 2000 operated and evaluated
schwannomas these tumors correspond to stage T4 in
our classification. In 739 operated cases we were able to
preserve the hearing in 25% when the hearing loss preoperatively was not more than 40 dB in the speech area.
When the speech discrimination was between 95 and
100%, our preservation rate was 30%. In smaller tumors
in the same hearing category we could achieve up to
70% hearing preservation. This case report again
demonstrates that any effort to preserve hearing in large
vestibular schwannomas is worthwhile.
There are some technical details that bear consideration to further improve the outcome concerning the facial
nerve and cochlear nerve function. First of all I believe
that the semisitting position is important for difficult
cases. With this patient position, the surgeon has “three
hands” and the precision of dissection is much higher
than with the lateral position.
We also recommend opening the internal auditory canal first, before the cranial nerves are exposed at the brain
stem and in the cerebellopontine angle, in order to avoid
contamination of all these structures with bone dust.
It is very important to have control of the eighth and
seventh nerves from both the internal auditory canal
and the brain stem.

Debulking of the tumor in all directions before dissection of the tumor capsule is also very important. As the
authors have emphasized the arachnoid membrane is
the key to avoiding a direct manipulation of the nerves
and vessels.
There is no doubt that intraoperative monitoring of
the cochlear nerve is crucial for preserving hearing and
facial nerve function. It is my personal experience and
opinion that even in large tumors in the presence of
good hearing and normal facial nerve function the microsurgical removal of the tumors is easier. This is most
likely due to the fact that the tumor capsule in such
cases has a benign behavior to the surrounding structures. The surgeon can identify the arachnoid membrane, and after enucleation of the tumor the nerves
may be separated much more easily. This is the reason
why in all cases I have done my best to preserve hearing,
independent of the size of the tumor.
The case at hand shows again that more size cannot
be an argument for ear, nose, and throat (ENT) surgeons to use the translabyrinthine approach and disregard hearing preservation.
Again, my congratulations to the authors. I hope that
they will be able to present a large series of cases with
preserved hearing in large vestibular schwannomas in a
few years.
Madjid Samii
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33
Removal of Vestibular Schwannoma in the
Internal Auditory Canal with the Aid of
Neuroendoscopy
MAMORU TANEDA

Diagnosis Vestibular schwannoma
Problems and Tactics Complete removal of the intrameatal portion of a
vestibular shwannoma was judged difficult without destroying the inner ear
due to drilling the posterior lip of the canal via a lateral suboccipital
approach. Direct visualization and removal of the intrameatal tumor was
successfully performed with minimum bony drilling by employment of a rigid
side-viewing endoscope.
Keywords Vestibular shwannoma, internal auditory canal, endoscope

Clinical Presentation
This 46-year-old woman had complained of severe hearing disturbance on the left side. The magnetic resonance images (MRIs) showed a tumor in the left cerebellopontine angle. A part of this tumor occupied the
internal auditory canal. Computed tomographic (CT)
scan showed the widening of the left internal meatus
(Fig. 33-1).

Surgical Technique
The surgery was performed via a left lateral suboccipital approach in a park-bench position. The tumor was
debulked and removed with standard microsurgical
techniques. A small part of the posterior wall of the
auditory canal was drilled away. Under the microscope, the tumor seemed to have been completely
removed. Then an endoscope was introduced to
inspect the inside of the auditory meatus (Fig. 33-2).
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There was a large amount of residual tumor in the
meatus. The tumor was removed under endoscopic
view, and the inside of the total auditory canal and
the fundus of the inner ear were inspected. After total
removal of the tumor, the porus was clearly observed.
The anterior–superior quadrant was occupied by the
facial nerve. The posterior–inferior quadrant was
occupied by the inferior vestibular nerve. The tumor
was confirmed to arise from the superior vestibular
nerve, and this nerve was completely removed, so
that there was a hole at the posterior–superior quadrant. Although the inferior vestibular nerve was preserved, the cochlear nerve could not be preserved
(Fig. 33-3).

Outcome
The postoperative course was uneventful. Follow-up
MRI study for 8 years after the operation revealed no
sign of recurrence of the tumor.
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A

FIGURE 33–1 Preoperative magnetic
resonance imaging (MRI) and computed tomography (CT). (A) MRI, axial
view, showing a left vestibular shwannoma. (B) Left petrous bone axial CT,
showing enlarged left internal meatus
due to tumor.

B

Endoscopic Instrumentation
The endoscope should be of high resolution.1 In addition, it must not disturb the vision through the microscope. The L-shaped camera adapter is adequate for this
purpose (Fig. 33-2). Thus more information around the
tumor and the surrounding structures could be obtained
by combination of a microscope and an endoscope.
The endoscope holder, with its flexible supporting arms,
is very important because it frees the surgeon’s hands.
A touch of its hand switch terminates the motion of the
supporting arm, and the endoscope remains stable in the
required position. If the switch is pressed again, the supporting arm regains free movement. The holding strength
is sufficient enough to sustain firmly the weight of an endoscope equipped with a video camera and a cold light cable. The function is controlled by an oil-pressure system.
I have employed two methods in watching the endoscopic image on the monitor. One is observation of the
endoscopic image through the ocular of the microscope.2
A small TV monitor displaying the endoscopic image is
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mounted on the microscope; however, the quality of its
picture is not always satisfactory, and its application in an
actual surgery is often limited. The other is simply watching the TV monitor placed just beside the microscope.
The surgeon has to alternate between the microscope
and the video monitor. In this method, however, the quality of the picture is always satisfactory.

Key Points
A lateral suboccipital approach has been generally
accepted for removal of acoustic neurinomas; however,
complete removal of the tumor in the internal auditory canal is often difficult without injury to the labyrinth because
one can not avoid opening it in exposing the fundus of the
internal auditory canal via a suboccipital approach.
To solve this problem and to avoid the risk of surgical
injury in such circumstances, the author has used a rigid,
high-resolution endoscope 4.0 mm in diameter for
inspection of the fundus of the inner ear canal during
surgery of acoustic neurinomas. The most appropriate

Vestibulum

Posterior semicircular
canal
Lateral semicircular canal
Internal acoustic meatus

FIGURE 33–2 Schematic drawing, showing
the position of the endoscopic shaft to observe
the inside of the internal acoustic meatus
during the surgery performed via a left lateral
suboccipital approach in a park-bench position.
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FIGURE 33–3 Endoscopic view of the left internal acoustic meatus after removal of the tumor via a left lateral suboccipital
approach in a park-bench position. (A) Photograph. (B) Schematic drawing.

endoscope for this purpose has an angulation of vision at
70° and provides a visual field of 120°. A small CCD video
camera is adapted to the ocular of the endoscope. Without drilling away the posterior wall of the auditory canal
up to the fundus, the surgeon can inspect inside the total
canal on the video monitor, which displays the images
from the endoscope. Thus, the surgeon can remove the
residual tumor in the auditory canal.
The patient presented here is the first among my patients with vestibular schwannomas who were operated
on with endoscopic assistance. In the first four cases,
the internal auditory canal was opened, although the
drilled area was very small. In subsequent cases, as I
gained experience, complete tumor removal was possible under the endoscope without opening the canal.
This means that total removal of a tumor in the meatus
is possible without risk of destroying the inner ear due
to bone drilling. In this method, the tumor in the
internal auditory canal can be removed without
drilling away the posterior wall of the auditory canal
or, at least, with removal of only a small portion of the
wall. In addition, we can reduce the chance of the postoperative cerebrospinal fluid rhinorrhea by avoiding

drilling of the posterior wall of the internal acoustic
meatus.3,4 For patients with good preoperative hearing
acuity, endoscopically assisted surgery might be a favorable choice.
Employment of endoscopy as an aid to open microneurosurgery is a practical and valuable method. In some
selected cases, it may make total removal of acoustic
neurinomas possible with preservation of hearing. This is
a promising method as a standard minimally invasive surgical technique for removal of acoustic neurinomas.
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Comments
Dr. Taneda is congratulated for his excellent surgical
techniques for removing tumors in the internal auditory
canal (IAC) with a neuroendoscope. We routinely use an
illuminated mirror or a rigid endoscope to search for
residual tumor at the fundus after considerable tumor
removal. Generally we remove 8 mm of the posterior lip
of the IAC in hearing preservation surgery. Aggressive
bone removal enables easy tumor removal in the IAC without opening the labyrinth in the suboccipital approach.

Endoscopic tumor removal with minimum bone resection of the posterior lip is essential for patients whose
jugular bulb is positioned high and for patients whose air
cells extend markedly into the posterior lip. We believe
that endoscopic surgery should not be applied to patients
whose IAC is not enlarged because introduction of instruments into the narrow canal may injure the nerves.
Yuichiro Tanaka and Shigeaki Kobayashi
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34
Large Trigeminal Neurinoma
ATUL GOEL AND KETAN I. DESAI

Diagnosis Large trigeminal neurinoma
Problem and Tactics A 20-year-old man with a large, dumbbell-shaped
trigeminal neurinoma presented with an unusual symptom of pathological
laughter. The tumor was radically resected by a lateral basal subtemporal
approach. The patient was relieved of the pathological laughter immediately
after the surgery.
Keywords Trigeminal neurinoma, subtemporal approach, pathological
laughter, gasserian ganglion

Clinical Presentation

Surgical Technique

A 20-year-old male manifested uncontrollable explosive
laughter during conversation over a 1-year period. The
laughter lasted for a few seconds and stopped abruptly,
after which the conversation would continue. During
these periods he lost track of the conversation and was
unaware of the pathological emotional outburst. The
frequency of these episodes progressively increased over
the 1-year period to four to five within half an hour of
conversation. In addition he had paresthesiae and numbness in the right half of the face, giddiness, and progressively worsening ataxia for about the same period of
one year.
Neurological examination showed that his higher
functions were normal. Both fundi showed papilledema. The right corneal reaction was sluggish
and there was hypesthesia in the maxillary and mandibular divisions of the trigeminal nerve. There were
no other abnormal findings. Magnetic resonance
imaging (MRI) showed a large tumor extending from
the prepontine to the medial temporal region (Fig.
34-1A-E). The midbrain, pons, and cerebellum were
severely deformed by the tumor. The petrous apex was
eroded.

The patient was placed in a lateral position. Cranial nerve
or brain stem function monitoring was not used. A continuous external drainage of cerebrospinal fluid by lumbar
subarachnoid catheter placement was set up. The scalp incision is shown in Fig. 34-2A. It started from the point that
was ~1.5 to 2 cm anterior to the tragus of the ear and ~1.5
cm inferior to the zygomatic arch. The incision was anterior to the trunk of the superficial temporal artery. Working deep to the deep layer of temporalis fascia and displacing the soft tissue harboring the frontal and zygomatic
branches of the facial nerve anteriorly, protected by these
tiny nerves. The incision initially curved superiorly and
then traversed posteriorly. The incision exposed the squamous temporal and posterior parietooccipital bone, posterior third of the temporalis muscle, roots of the zygomatic
arch, supramastoid crest, and base of the mastoid process.
The wide base of the scalp flap and preservation of all feeding arteries ensured its adequate vascularity. The posterior
aspect of the temporalis muscle was mobilized in the subperiosteal plane from the temporal bone and from the
sharp superior border of the zygomatic arch. The muscle
was then rotated anteriorly. A low temporal craniotomy
with the base centered on the external ear canal was
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FIGURE 34–1 (A) Axial T1-weighted magnetic resonance imaging
(MRI) showing the large isohypointense dumbbell-shaped trigeminal schwannoma. (B) Axial T2-weighted MRI showing the large
isohyperintense dumbbell-shaped trigeminal schwannoma. (C) Axial
contrast-enhanced MRI showing the intense enhancement of the
dumbbell-shaped trigeminal schwannoma. (D) Coronal image showing the intensely enhancing tumor. (E) Postoperative T2-weighted
MRI showing complete excision of the tumor.
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performed (Fig. 34-2B). The anterior and posterior roots
of the zygomatic arch, the glenoid fossa, and the lateral
half of the roof of the external ear canal were removed
with the help of a power drill (Fig. 34-2C). The external
ear canal was protected by sharp subperiosteal separation
of the canal from the bony roof. The meniscus of the temporomandibular joint was exposed, but it was not removed.
The superior third (~1.5–2 cm below and medial to the
supramastoid crest) of the mastoid air cells was drilled. The
mastoid antrum was not opened. The drilling of the mastoid process was continued medially to expose the bony
labyrinth around the superior and posterior semicircular
canals. The sigmoid sinus and the region of its junction
with the transverse sinus were not exposed, and a thin plate
of bone was left between the sinus and the mastoid exposure. The dura was now elevated off the middle fossa floor
after sectioning the middle meningeal artery, and a basal
extradural exposure was obtained as shown in Fig. 34-2C.
An entirely extradural route can remove the tumors, which
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B

FIGURE 34–2 (A) Line drawing showing the scalp incision for
the lateral basal subtemporal approach. (B) Drawing showing
the low temporal craniotomy and its basal extension. The roots
of the zygomatic arch and the glenoid fossa are preferably removed with the help of an electric saw in one piece. The shaded
area depicts the area of the mastoid bone and the roof of the external ear canal that can be removed with the help of a microdrill. (C) The condyle and the superior half of the external canal
are unroofed and the superior third of the mastoid air cells have
been drilled to obtain a basal extradural exposure. After elevation
of the middle fossa dura, exposure of the foramen spinosum, foramen ovale, foramen rotundum, dura covering the Meckel’s cave,
and the anterior aspect of the petrous bone has been obtained.

are limited to, or have a larger bulk in, the middle fossa, after exposing the foramen ovale and dissecting the outer
sheath of the dura.1 In the present case with a large tumor
having a significant posterior fossa component, however,
an intradural exposure was preferred. By an intradural
route and gentle elevation of the temporal lobe, the middle fossa floor and the tentorium were exposed. The bulge
of the tumor under the dura of the middle fossa was identified. A transverse incision was made in the bulge of the
dura, and tumor within the dural walls was progressively removed saving the displaced normal trigeminal nerve fibers.
The feature that these tumors never transgress the dural
confines of the Meckel’s cave dura assisted in developing a
plane of dissection of the tumor from the venous spaces of
the cavernous sinus and the carotid artery. Tumor resection was begun from its lateral and inferior aspect in the region of the third division of the fifth nerve and then proceeded superiorly taking special care to avoid injury to the
first division of the fifth nerve. An incision was made in the
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tentorium, which began at its free edge at the level of the
posterior end of the cerebral peduncle and was then directed anterolaterally toward the lateral aspect of the superior petrosal sinus. A triangular flap of tentorium was then
everted over the superior petrosal sinus providing a wide
window from the subtemporal view to the infratentorial
structures. By this maneuver the fourth and fifth cranial
nerve fibers and petrosal vein were protected from inadvertent injury and were exposed widely. The tentorial dural
flap was then resected by cutting parallel to the superior
petrosal sinus. The posterior fossa component of the
trigeminal neurinoma was now exposed. The tumor at the
petrous apex was exposed by taking an incision over the
superior dural cover of the Meckel’s cave by transecting
and packing the cut ends of the superior petrosal sinus.
With angulation of the microscope, the tumor in the lateral
dural walls of the cavernous sinus anteriorly and cerebellopontine angle posteriorly was exposed. The entire approach
was from the middle cranial fossa. The tumor was resected
using standard microsurgical dissection techniques and by
respecting the dural planes in the middle fossa and arachnoidal plane in the posterior fossa.
After the procedure of tumor resection, the mastoid
air cells were packed with bone wax, free muscle, or fat
graft. The posterior third of the temporalis muscle
along with its fascia was rotated to the base for
strengthening the reconstruction and for providing a
vascularized pedicle.2 The bone piece harboring the
roots of the zygomatic arch, glenoid fossa, and lateral
aspect of the roof of the external ear was replaced and
sutured along with the craniotomy bone flap. The external auditory meatus was packed with cotton pledget
to avoid cicatricial stenosis.
The roof of the external ear can be removed with the
help of a sagittal saw. This maneuver critically increases
the visual field of the surgical approach.

Key Points
The trigeminal neurinoma usually arises from the
Schwann cells of the sensory root and can originate in
any section of the fifth cranial nerve and correspondingly may be located either in the dural walls of the
Meckel’s cave or anterolateral to the pons along the root
of the trigeminal nerve or it may have a dumbbell-shaped
extension with both middle fossa and posterior cranial
fossa components. Jefferson presented a classification
scheme for trigeminal neurinomas that categorized
these tumors according to location.3 Three distinct types
are middle fossa type (Type A); posterior fossa root type
(Type B), where the tumor is in front of the brain stem;
and the dumbbell type with both middle and posterior
fossa components (Type C). Less commonly the tumor
has an extracranial extension (Type D). Yoshida and

Kawase classified the extracranial tumor into infratemporal, orbital, and pterygopalatine fossa components.4
The clinical features of slow progressive symptoms
and predominant presence of trigeminal nerve–related
symptoms of numbness and wasting of muscles are usually diagnostic for trigeminal neurinoma. It appears that
pathological laughter is an important and could be an
early presenting symptom in cases of massive trigeminal
schwannomas.
These tumors respect the dural boundaries in the
middle cranial fossa and the arachnoid boundaries in
the posterior cranial fossa. In the region of Meckel’s
dural cave, transgression of the medial dural wall and
actual invasion into the venous spaces of the cavernous
sinus or encasement of the precavernous sinus and
cavernous sinus–related internal carotid artery was
never seen in our series. The displacement of the internal carotid artery was characteristic and had important
diagnostic value.5 In the posterior fossa, the basilar
artery and its branches and the adjoining cranial nerve
were displaced and never encased by the tumor.
On the basis of the presenting clinical features and
characteristic radiological signs a diagnosis of a trigeminal neurinoma could be made in a majority of cases. Such
a diagnosis is crucially important in planning the surgical
strategy for the cavernous sinus–related lesion. The relationship of the dura and the adjoining structures, which is
characteristic in trigeminal neurinomas, may not exist for
other tumors in the location. Although the majority of
tumors were soft, necrotic, and relatively avascular, some
tumors were firm and fibrous and some were vascular.
Firm tumors could also be excised using limited exposure, but the dissection was relatively difficult in such
tumors. All tumors were well encapsulated. An attempt
was made in all cases to restrict the dissection within the
mass of the tumor and debulk the lesion as much as possible before dissecting the capsule. Considering the location within the layers of the dura in the middle fossa there
was no specific need to have proximal control of the carotid artery as would probably be necessary for some
other lesions in this location. The layers of the dura also
form a relatively thick barrier that facilitates surgery. The
direction of the lateral basal subtemporal approach to the
tumor was the shortest and was perpendicular to the surface and avoided any neural or vascular manipulation.
Extradural exposure in relatively smaller tumors and intradural exposure for larger tumors were found to be
appropriate to deal with both the middle fossa and the
posterior fossa component of the tumor. The basal extension of the exposure was achieved by resection of the
roots of the zygomatic arch, roof of the external ear canal,
and superior third of the mastoid bone. The temporalis
muscle was rotated anteriorly and was thus away from
the field. The exposure was centered over the external
ear canal in line with the petrous apex. Inclusion of
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mastoidectomy in the exposure added the advantages of
the petrosal approach. The temporalis muscle and its fascial layers could be used for basal reconstruction.
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Comments
For removing such dumbbell trigeminal neurinomas, located equally in the cerebral middle fossa and the upper
part of the cerebellopontine angle, we agree that the
most appropriate way is the one masterfully taken by Drs.
Goel and Desai; however, it could be discussed to do surgery in two stages through two successive different approaches: first, suboccipital retromastoid and second,
pterionosubtemporal.1,2 We also agree that the low temporal craniotomy be centered on the external ear canal.2,3
The roof of the external ear can be removed with the
help of a sagittal saw. This maneuver critically increases
the visual field of the surgical approach.4 This is important for avoiding excessive retraction of the temporal
lobe and preventing avulsion of the veins of Labbe.
Unlike the authors, we would have tried to avoid
touching the glenoid fossa so as to avoid ankylosis of the
temporomandibular joint. Further, we are not sure, in
this case, that we would have drilled off the mastoid process and the petrous bone around the labyrinth, to limit
risks of secondary infection and/or serous otitis of the
middle ear and the risk of hearing loss due to opening
the semicirular canal(s), respectively.
Like the authors, in a tumor this size, we would have
added to the extradural subtemporal approach an intradural exposure to enter the upper part of the cerebellopontine angle (CPA) through a division of the free
edge of the tentorium, taking care of course not to traumatize the satellite trochlear nerve. Afterward, we would
have opened wide the roof of Meckel’s cave to attack the
tumor at its (bulging) superolateral dome.
As pointed out by the authors, for trigeminal neurinomas,
even of large sizes, there is generally no need to enter the
vascular (anterior) compartment of the parasellar region.

Although there is, theoretically, no need to manipulate the carotid artery (CA) during surgery for trigeminal
schwannomas, we would have exposed the CA at the posterior margin of the foramen lacerum and the adjacent
part of its (horizontal segment) petrous canal, immediately posterior to V3. Indeed, identification of the CA at
its fifth portion, prior to working in close vicinity of the
cavernous sinous, makes the surgeon more confident
and should help in controlling the CA in case of a vascular
problem.
We would have harvested fat anf fascia lata, instead of
using temporalis muscle, for reconstruction.
Finally, we would like to stress that saving rootlets of
the trigeminal nerve is of prime importance because
anesthesis dolorosa is the most disabling sequela that
patients have to endure after trigeminal neurinoma
surgery.
Marc Sindou
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35
Combined Cranioorbital
Zygomatic and Petrosal Approach
for a Giant Retrochiasmatic
Craniopharyngioma
OSSAMA AL-MEFTY, EMAD T. ABOUD, AND PAULO A. S. KADRI

Diagnosis Craniopharyngioma
Problems and Tactics We present the case of a woman with a giant,
multicystic, suprasellar, retrochiasmatic craniopharyngioma measuring
6  3.5  4 cm. The tumor extended superiorly to the ventricular system
and the foramen of Monro, occupying the third ventricle primarily on the left
side. Approaching this lesion with the goal of total removal requires a wide,
safe exposure of all parts of the lesion and multiple avenues of access for
dissection without endangering the chiasm, hypothalamus, or other neurovascular structures in the retrosellar region. We chose to combine the petrosal approach, which provides for safe dissection of the retrosellar area
without endangering the hypothalamus, with the cranioorbital zygomatic approach (COZ), which allows anterior inspection, exposure, and dissection in
the prechiasmatic area.
Keywords Craniopharyngioma, cranioorbital zygomatic approach, petrosal
approach

Clinical Presentation

Surgical Technique

A 52-year-old woman came to us with a history of worsening headache, decreased energy level, short-term memory difficulties, gait disturbance, and increasing visual
difficulties with visual field loss. She had mild diabetes
insipidus. Magnetic resonance imaging (MRI) revealed
a giant sellar–suprasellar lesion displacing the optic chiasm superiorly and extending down along the upper
clivus. The lesion was consistent with a large retrochiasmatic craniopharyngioma (Fig. 35-1).

First Stage
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The patient was placed supine with the head rotated
45 degrees to the left and fixed in the Mayfield threepoint headrest. A shoulder roll was placed under the
right shoulder and the right frontotemporal and
postauricular region was prepared and draped in the
usual fashion. A curvilinear skin incision was made,
extending from the root of the zygoma 1 cm anterior
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FIGURE 35–1 Preoperative magnetic resonance imaging shows the extension of the tumor into the third ventricle and the
foramen of Monro.

to the tragus behind the hairline. A posterior branch
of the incision was brought back 2 cm above the
pinna and extended into the postauricular region,
down to the level below the mastoid tip. The frontal
portion of the skin flap was dissected free from the
pericranium and temporalis muscle, and subfascial
dissection of the temporalis muscle was done to preserve the frontal branches of the facial nerve. Care
was taken to preserve both the pericranium and the
superficial temporal artery. The zygoma and lateral
orbital wall were then dissected with a periosteal elevator to allow good exposure of the zygomatic arch,
which was sectioned anteriorly and posteriorly. The
temporalis facia was then incised posterior to the superficial temporal artery and dissected free from the
muscle posteriorly to remain in continuity with the
nuchal musculature. The muscle was then dissected
down to the suboccipital region to expose the mastoid
and the occipital bone and was turned down in a single flap. The temporal was then stripped with the periosteal elevator and turned downward along with the
zygoma. The bone flaps for both the petrosal and
COZ approaches were removed as described previously.1,2 After the flap was prepared and the area exposed, we chose to resect the tumor in a second stage
on the following day.

Second Stage
The patient was positioned as in the first stage, the
wound was reopened, and the dura was exposed and
opened along the floor of the middle fossa. The vein of
Labbé was identified and protected, and the presigmoid
dura was opened. The superior petrosal sinus was cut
and coagulated, and the tentorium was incised anteriorly through the incisura. The third and fourth nerves
were identified and the tumor was exposed and debulked. The capsule was dissected from the brain stem
in the interpeduncular cistern. Dissection progressed

anteriorly toward the dorsum sella and superiorly to the
hypothalamus and the floor of the third ventricle. The
dissection continued to the opposite side to free
the third and fourth nerves. Tumor dissection was then
continued superior to the third nerve, behind the
carotid artery and posterior to the chiasm, inside an
arachnoid plane. At all times, the arachnoid membrane
was preserved over the brain stem and contralateral neurovascular structures.
In some places, the tumor was calcified and we found
multiple cystic compartments filled with the typical yellowish fluid characteristic of a craniopharyngioma. As
the most superior part of the tumor was resected, the
remnants of the tumor capsule were carefully removed
from the pituitary stalk, which was preserved. The
operative field was then directed subfrontally and
along the transsylvian avenue to the optic nerves. The
carotid and posterior communicating arteries were
identified. We then inspected the prechiasmatic
parasellar area for residual tumor, but found only
thick arachnoid.

Outcome
After surgery, the patient had third nerve palsy and worsening of her diabetes insipidus, which was treated with
DDAVP. Her postoperative MRI showed complete removal of the lesion with enlargement of the ventricles
(Fig. 35-2), and no progression was seen on subsequent
scans.

Key Points
Although they are benign, craniopharyngiomas are associated with high morbidity, particularly when they are
giant in size or retrochiasmatic in location. Their treatment continues to generate marked controversy with
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FIGURE 35–2 Postoperative magnetic resonance imaging demonstrates total resection of the tumor.

regard to the radicality of removal and the surgical
approach.
Options for surgical treatment of a craniopharyngioma depend on the size, consistency, shape, and location of the tumor. The retrochiasmatic location is

particularly difficult to reach and lesions located here
are traditionally approached through bilateral
subfrontal or combined unilateral subfrontal and pterional approaches,3 a bifrontal approach through
the lamina terminalis,4 a transfrontal transphynoidal

FIGURE 35–3 Right petrosal approach,
intraoperative picture shows the wide exposure of the petrosal approach and the
perfect view of the neurovascular elements
around the tumor. III, third nerve; IV, fourth
nerve; BA, basilar artery; SC, superior
cerebellar; BS, brain stem; TL, temporal
lobe; tent, tentorium; T, tumor before resection. Key illustration: PFD, posterior
fossa dura; SS, sigmoid sinus; PS, petrosal sinus; TD, temporal dura.
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approach,5 or a combined pterional and transcallosal
approach.6
But working in this confined area around the vital
neural structures is formidable, and the petrosal approach provides wide and unobstructed access to this
location.
Hakuba and colleagues have described the use of
this approach for craniopharyngiomas.7 To improve visualization of the inferior surface of the chiasm and
the hypothalamus and well expose the neurovascular
structures surrounding the tumor (Fig. 35-3), we used
a trajectory lower than that described in the original
approach of Hakuba. This variation helped enormously in dissecting the tumor from the hypothalamus,
particularly the extension toward the foramen of
Monro. In giant tumors, prechiasmatic or parasellar
portions might not be accessible. These parts can be
exposed and dissected through the subfrontal or transsylvian approach.
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Comments
The petrosal approach to craniopharyngiomas showing
high postchiasmatic extension was originally reported
by Dr. Hakuba. The advantage could be to access the tumor posterolaterally behind the optic nerve, with minimal retraction of the temporal lobe. The disadvantage
might be surgical blindness by cerebral peduncle, tentorium, and the trochlear nerve. Combination of orbitozygomatic osteotomy may increase the flexibility of the

surgical trajectory from the pterion to the petrosal rim,
and the name of the approach is different from imagination of “petrosal approach.” It might be better named
the basal middle fossa approach. It may be unnecessary
to open the posterior fossa and mobilize the sigmoid
sinus.
Takeshi Kawase
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36
Oticocondylar Transpetrosal Approach
(an Extensive Middle Fossa Approach)
for Radical Removal of a Large
Calcified Craniopharyngioma
AKIRA HAKUBA, KENJI OHATA, BRANCO SOARES,
TOSHIHISA SUZUKI, AND MOTOKI BABA

Diagnosis Large calcified craniopharyngioma
Problems and Tactics Total resection of large craniopharyngioma with
calcification is challenging. Large calcified portion has to be broken into
pieces for resection. In the standard approach, such as interhemispheric or
pterional approach, one cannot gain the space wide enough for insertion of
tools such as a drill. The lesion was successfully removed with oticondylar
transpersonal approach
Keywords Craniopharyngioma, calcification, transpetrosal approach, middle
fossa approach

Clinical Presentation
A 25-year-old man complained of headaches and nausea
for a month prior to admission. Preoperative magnetic
resonance imaging (MRI) revealed a calcified mass 2.5 cm
in maximal diameter in the bottom of a large cystic tumor
(5  4  3.5) in the third ventricle, extending up to the
foramen of Monro (Fig. 36-1A,B).

Surgical Technique
The patient was placed in a semiprone park bench position. A half generous coronal incision was made, starting
from the inferior end of the ear lobe, running along the
anterior margin of its cartilage and the parietal branch
of the superficial temporal artery (STA) and vein (STV).
An additional incision around the left ear lobe was then

168

made (Fig. 36-2A). The pericranial flap pedicled with
the STA and STV was dissected. The zygomatic arch,
the lateral ligament of the temporomandibular joint,
and the masseter fascia were exposed (Fig. 36-2B). The
transected zygomatic arch hinged on the masseter was
retracted downward. Following the lateral–suboccipital
and temporal craniotomy, the outer layer of the mastoid
process was split to keep the insertion of the sternocleidomastoid muscle on the lower part of the mastoid process
(Fig. 36-2C) retracted downward. The oticocondylar
osteotomy was done: condylar osteotomy consists of an
osteotomy in the middle fossa 1 cm lateral to the foramen
spinosum (Fig. 36-2D) and an additional osteotomy in
the tympanosquamous suture (TS), and lateral to the
tympanic membrane, crossing with the former osteotomy
line (Fig. 36-2E). The temporal bone flap hinged on the
pterigoid muscles was retracted downward (Fig. 36-2F).
Then, following a presigmoidal approach1 (Fig. 36-2G),
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FIGURE 36–1 Preoperative magnetic resonance imaging (MRI). (A) Gadolinium-Gd-enhanced sagittal view. (B) Plane coronal
view, not enhanced. (C) Seven years postoperative follow-up MRI, gd-enhanced sagittal view. (D) Gd-enhanced coronal view.

a durotomy was made along the posterior margin of the
sigmoid sinus (SS) and the inferior margin of the superior
petrosal sinus (SPS) leaving 5-mm dural fringes to these
sinuses (Figs. 36-2G,H). A tentoriotomy was started along
the posterior margin of the gassarian ganglion (GG) and
directed to the dural entrance of the trochlear (fourth)
nerve (N), dividing the SPS right anterior to the entrance
of the petrosal vein (Fig. 36-2I). The arrachnoid membrane of the ventrolateral ambient cistern was opened to
expose the left ventrolateral part of the infundibular
portion between the posterior communicating artery
(PCoA) and the oculomotor nerve (Fig. 36-3A, left and
right). The third ventricular tumor was immediately encountered after midsagital incision of the very thin wall
of the infundibulum, 10-mm in length. A hard, large, calcified mass was dissected, brought out over the pituitary
stalk from the bottom of the tumor. During gentle holding of the calcified mass on the lateral side in its position
by the tip of the suction tube, it was drilled by a diamond
burr with a 3-mm round tip (Fig. 36-3B). The calcified

mass shaved by the air drill was divided using a microscissors and the freed fragments were removed. The
last sizable piece of the calcification, which was tightly
adherent to the tumor with hard fibrous tissue, was separated and removed, using an ultrasonic aspirator. The
remaining tumor was carefully separated, delivered by
water dissection of the wall of the tumor capsule2 from
the adherent third ventricular wall using a simultaneous
suction and irrigation device (Opt irrigator, produced
by Muranaka Co., Osaka, Japan) (Fig. 36-3C, left and
right).
Water dissection has been described in detail elsewhere.3
In brief, the redundant superficial neural structures were
ballooned by irrigation of 5% mannitol (Fig. 36-3C,
right) with stretching of the neural structures within its
wall (blue open arrow in Fig. 36-3C, right). A microtumor forceps with 1-mm cup was used to grasp the
margin of the dissected tumor, and gentle traction was
applied to the tumor. The relatively large suction tube of
the Opt irrigator (12F) was used and moved along the
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FIGURE 36–2 Oticocondylar transpetrosal approach. (A) Skin
incision. (B) Pericranial fascial flap. (C) A Splitting mastoidotomy. (D) An osteotomy in the middle fossa 1 cm lateral to
the foramen spinosum. (E) Another osteotomy in the tympanosquamous suture (TS) and lateral to the tympanic
membrane (middle), crossing with the former osteotomy line.

I

(F) The temporal bone flap hinged on the pterigoid muscles
retracted downward. (G) Presigmoidal approach and lines
of durotomy. (H) The durotomy along the posterior margin of
the sigmoid sinus (SS) and the inferior margin of the superior
petrosal sinus (SPS), leaving 5-mm dural fringes to these
sinuses. (I) Tentoriotomy.
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FIGURE 36–3 Intraoperative pictures. (A) The left picture is a schema of the right one. (B) Drilling a calcified mass. (C) The
right picture is a schema of the left, showing water dissection.
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cleavage, always on the marginal side of the dissected
tumor. While irrigating the cavity at 5-output power, the
tip of the tube was kept very close to the attached neural
structures, but never on them. While irrigating the cavity
with simultaneous suction at low power, gentle movement
of the tube on the tumor site either parallel or perpendicular (Fig. 36-3C, right) very close to the already separated and ballooned neural structures can facilitate safe
dissection of the tumor from the adherent neural structures. Because the irrigated 5% mannitol or normal
saline solution can act like motor oil, there is no friction
effect to the neural structures very close to the tip of
the suction tube (Fig. 36-3C, right). The tumor was
totally resected with preservation of the pituitary stalk
and gland.

Outcome
The patient took an uneventful postoperative course
and resumed his job. The 7 years postoperative follow-up
MRI revealed no tumor (see Fig. 36-1C,D), with normal
hearing preservation on the left.

Key Points
The authors believe that the traditional trans–lamina
terminalis approach is contraindicated in such a large,
calcified, third ventricular craniopharyngioma because
the lamina terminalis is the floor plate of the telencephalon, and retraction of this area to obtain an access
for radical resection of the tumor will always cause permanent damage to the basal plate of the telencephalon,
consisting of the septal and preoptic areas, the basal
nucleus of Meynert, and the diagonal band. This new
anatomical concept is based on our study reported in

the morphological developmental anatomy of the basal
ganglia.4
The oticocondylar transpetrosal approach, which is
an en bloc downward mobilization of the lateral temporal
fossa including the lateral two thirds of the condyle fossa5
and combined with the transpetrosal approach,1,3,5 is a
more temporobasal approach than the usual transpetrosal approach1,5 as pointed out in the direction of this
approach by a white arrow in the preoperative MRI
(Fig. 36-1). In cases with lesions on the site of the dominant transverse sinus and SS, it provides a better basal
view even without full exposure of the SS. For large tumors
in the central skull base and tumors with hard consistency,
such as petroclival meningiomas or large retrochiasmatic
craniopharyngiomas, especially with a large calcified
mass in the tumor, this approach is the most suitable for
minimizing temporal lobe retraction. In the latter cases,
this is an ideal entrance because the origin of the tumor
is the infundibular region, which is markedly stretched
and elongated given that this area is the origin of the
third ventricular craniopharyngioma.
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Comments
The management issues of craniopharyngiomas have
remained controversial. The direction of the surgical
approach, the extent of the resection that is ideal, and
the indication for a variety of modes of radiation therapy
are still under discussion.
It is generally agreed that radical surgery is most ideal
and a curative form of treatment of craniopharyngiomas.
The outcome after a partial resection remains unpredictable, and rapid recurrence in some cases can be a
nuisance for the patient and for the surgeon.
Either a subfrontal or a frontotemporal operative
route has been traditionally adopted for the surgical
resection of these tumors. Although less common, a
bifrontal approach has been used. The opticocarotid,

interoptic, lateral carotid, or trans–lamina terminalis
operative corridors have generally been used. Various
authors have shown successful clinical outcomes after
adopting these surgical approaches. The safety of the
perforating arteries is crucial for a successful clinical
outcome, and radical complete resection of the tumor
and saving the pituitary stalk are difficult. Various major
series on this subject have shown stalk section in more
than 80% of operative cases. Postoperative diabetes
insipidus is the immediate postoperative manifestation of
stalk section. Such patients need long-term steroid and
vasopressin replacement. Replacement of sex hormones
is also necessary after stalk section. Although hormonal
replacement is quite easily possible elsewhere, in poorer
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countries it is difficult to supplement or monitor the
replacement of these drugs.
Dr. Hakuba and his illustrious team have described a
variety of approaches to complex skull base tumors. The
use of such a posterior avenue to resect craniopharyngiomas is a product of an innovative mind. The explanation provided in support of the use of such an approach is
that retraction or sacrifice of the lamina terminalis is
avoided. The authors state that the lamina terminalis contains important nuclei and neuronal fibers. In addition,
a lateral and posterior approach is more suitable for
viewing the pituitary stalk early in the operation. Despite
these advantages, and the basal exposure obtained by
extensive bone work, retraction of the temporal lobe
that may be necessary and safety of the vein of Labbé are
the crucial concerns. Some of these tumors extend high
and can even reach up to or beyond the corpus callosum; access to the dome by a subtemporal route may be
difficult or impossible. The other possible disadvantage
is the early encounter and constant obstruction of the
operative path by the posterior communicating artery
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and its perforators and higher up by the anterior
choroidal artery.
The limitations of this approach against the possible advantages will have to be assessed after a larger
body of experience is collected by more groups of surgeons worldwide. The precise indication of the use of
this approach for craniopharyngiomas also needs to be
defined.
Atul Goel

AKIRA HAKUBA (1934–2004)
Professor Akira Hakuba was known throughout the neurosurgery world for his original and pioneering contributions.
His simplicity, despite his monumental accomplishments, was
one of his greatest qualities. On behalf of his friends all over the
world, I express sincere regret at the passing of this great neurosurgeon of our times.
Shigeaki Kobayashi
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37
A Case of Midline Suprasellar Tumor
Removed by an Extended Transsphenoidal
Skull Base Technique
JEFFREY J. LAURENT, JOHN A. JANE JR. AND EDWARD R. LAWS JR.

Diagnosis Suprasellar craniopharyngioma
Problems and Tactics A large suprasellar craniopharyngioma was found
during a workup for hypopituitarism and headache in an otherwise healthy
young man. Although the lesion was largely suprasellar with extension into
the anterior cranial fossa, a transsphenoidal approach was chosen with the
aim of preserving visual function and avoiding more invasive transcranial
techniques.
Keywords Extended transsphenoidal approach, craniopharyngioma, suprasellar tumors

Clinical Presentation

Surgical Technique

A 32-year-old man presented with a 1-year history of
impotence and loss of libido. General malaise, weight
gain, and occasional moderate to severe headache were
also present. The initial workup revealed the patient to
have a low serum testosterone level of 30. Follicle stimulating hormone (FSH) and luteinizing hormone (LH)
levels were also low at 0.6 and 1.3, respectively. The
remainder of hormone levels were within normal limits.
The physical exam was notable for mild breast enlargement and testicular atrophy. Visual fields were full to
confrontation and on formal testing.
Magnetic resonance imaging (MRI) scan revealed a
very large multicystic lesion extending into the
suprasellar space up to the floor of the third ventricle
(Fig. 37-1). Imaging characteristics were consistent
with craniopharyngioma. There was no associated hydrocephalus and the pituitary gland appeared normal but
inferiorly displaced.

The evening prior to surgery, the patient underwent a
computed tomographic (CT) scan with fiducial markers
for neuronavigation. After the induction of general
anesthesia, a lumbar drain was placed. The patient was
placed in the semirecumbent position with his head in a
horseshoe headrest. The head was placed in a slight
amount of extension.
A sublabial approach to the sella was used in this case.
First, endonasal submucosal dissection was performed
through a standard hemitransfixation incision using
loupe magnification. Anterior and posterior tunnels
were developed within the nose to the anterior wall of
the sphenoid sinus. A sublabial incision was then made
and the inferior submucosal tunnels developed. At this
point, the tunnels developed through the two incisions
were connected, and a Hardy retractor was inserted to
provide good exposure of the anterior wall of the sphenoid sinus.
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FIGURE 37–1 (A) Pre- and (B) postoperative images of a large suprasellar craniopharyngioma.

A wide anterior sphenoidotomy was preformed in the
standard manner to allow a full view of the stella,
carotid, and optic protuberances. Using a small
osteotome, the sellar floor was fractured, with care taken
to avoid early dural compromise. The stella was widely
opened using Kerrison rongeurs to expose the limits of
the cavernous sinus laterally. At this point, using a high
speed drill and angled bone punches, further bony
removal proceeded along the planum sphenoidale and
anterior cranial fossa floor. Frameless stereotaxy was
used to guide the extent of bony removal. A large, superior, intercavernous sinus was carefully secured with
vascular clips and cauterized with bipolar electrocautery
before division.
The dura of the frontal fossa and sella was then
opened widely in an open book fashion. This allowed
identification of the pituitary gland. A solid, wellcircumscribed lesion was seen and dissected away from
the dorsal aspect of the pituitary gland. Dissection
continued superiorly, and the connections of the
tumor capsule to the optic chiasm were carefully
divided with a sharp dissection. The tumor was then
entered. The solid portions were removed in
piecemeal fashion and cystic components were decompressed. The lateral and inferior margins were
mobilized and the superior margin was delivered from
the third ventricle and posterior suprasellar compartment. Gross total removal was accomplished. The
third ventricle, aqueduct, and anterior commissure
were visible after tumor removal (Fig. 37-2).
Hemostasis was achieved using Avitene and Gelfoam.
An abdominal fat graft was then harvested. The graft was
soaked in chloramphenicol, rolled in Avitene, and fashioned with a nylon suture through its center. A titanium

mesh plate was then cut to the size of the cranial defect.
The fat graft was placed within the sellar compartment
and anterior cranial fossa. The mesh was then placed
over the defect. The suture from the fat graft was
securely tethered to the mesh and a Valsalva maneuver
was performed to confirm adequate tamponade. The
remaining fat was then packed into the sphenoid sinus
and the incisions were closed in the normal fashion.
Nasal packing was inserted after closure.
Lumbar drainage was continued postoperatively until
postoperative day 3. Antibiotics were continued until removal of the lumbar drain.

Outcome
The patient’s immediate postoperative course was complicated by pulmonary embolus and diabetes insipidus.
Visual fields were well preserved. After discharge, the
patient did well but suffered from mild memory difficulties. Diabetes insipidus improved and the need for
DDAVP desmopressin is minimal at this time. The
patient remains on hormone replacement therapy for
hypopituitarism.

Key Points
Since the transsphenoidal approach was first reported
by Schloffer in 1907, the approach has been transformed by using numerous technical variations;
however, until recently, the transsphenoidial approach
was limited by the size, shape, and extension of lesions
in the sellar space. Lesions with significant suprasellar
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FIGURE 37–2 Cadaveric dissection of the suprasellar space as seen through this approach, showing a clear view of the optic
chiasm, anterior circulation, pituitary infundibulum, and basilar bifurcation.

extension or those that project rostrally into the anterior fossa were thought to be best approached with
transcranial techniques. In 1987, Weiss reported a
transtubercular extracapsular approach for small
lesions of the anterior cranial fossa.1 Over the next
decade, further work by Kato and Oldfield and
colleagues expanded the spectrum of lesions that
could be effectively approached by the transsphenoidal route.2,3 We have also described the use of a
transsphenoidal–transtuberculum approach in the
treatment of pituitary adenomas, craniopharyngiomas, and tuberculum sellae meningiomas.4 This
technique allows excellent visualization of the
suprasellar area as well as the anterior cranial fossa,
and provides a means to remove lesions in these locations with preservation of preoperative visual and
endocrine status. This chapter provides a case illustration for which this approach was used. In addition, we
describe in detail the techniques we use when
approaching lesions with this method.
After the induction of general anesthesia, we
routinely place lumber drainage catheters in patients
undergoing the extended transsphenoidal operation.
There are two reasons for this. Although the additional exposure provides greater access to the
suprasellar compartment, it is sometimes helpful to
inject 10 cc of air into the lumbar drain to help the
more superior component of some tumors descend
into the operative field. Furthermore, because a large

dural defect and cerebrospinal fluid (CSF) leak are
created during this approach, postoperative lumbar
drainage is desirable.
Although not always a part of our routine for
standard transsphenoidal operations, we have found
frameless stereotaxy to be a useful adjunct in the
extended approach. First, the optimal head position
can be determined preoperatively. We have found that,
for the extended approach, the patient’s head should
be placed in slightly greater extension than the
position used for standard transsphenoidal operations.
This improves surgical trajectory, and using frameless
stereotaxy, optimal trajectory and position can be
determined prior to incision. In addition, neuronavigation allows the surgeon to tailor the bony removal
along the planum sphenoidale and in the anterior
fossa to each particular lesion. This permits minimal
bone removal, which we feel lessens the chance of
postoperative CSF leak. Use of the image intensifier is
also minimized with this technique.
Some additional implements are required in addition
to the usual instruments used in transsphenoidal operations (Fig. 37-3). First, the tuberculum sellae and
planum sphenoidale are removed with a high-speed
drill and diamond burr. Because of the depth of the
operative corridor, long, bayoneted ring curettes and
bipolars are also necessary. Angled bone punches are
useful as well. A vascular clip applier is used prior to
ligation of the intercavernous sinus because bipolar
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fat graft that is tethered with silk suture to titanium
mesh tailored to fit the bony defect has produced the
best results and minimizes the chances of postoperative
CSF leak.
We also feel that the endoscope can be an extremely
useful tool with this approach. The depth of the operative corridor can limit the view along the floor of the
anterior fossa. By employing the endoscope, the
surgeon is able to assess the extent of resection in all
directions with a view not possible using the operating
microscope alone.
REFERENCES

FIGURE 37–3 Additional instruments used for the extended
transsphenoidal approach including a vascular clip applier,
long bayoneted curettes and bipolars, titanium mesh, and a
high-speed drill.

cautery alone does not guarantee adequate hemostasis.
As our technique has evolved, we have gone from using
septal bone and absorbable bioplates to using titanium
mesh for repair of the bone defect. We feel that a firm
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Comments
This is an interesting case report discussing a very
important modality of management of midline suprasellar tumors. Various authors have stressed the use and
importance of the endoscope in neurosurgery. In our
experience, we have found the use of the fiberscope
with a channel for microforceps, electrocoagulator,
and micropunch useful, especially for the part of the
tumor remnant outside the field provided by an operating microscope. We feel that when a transsphenoidal

route is employed to resect such midline tumors the
probability of postoperative hormonal hypofunction
and diabetes insipidus is significantly less when compared with when a transcranial route is employed. If
operative photographs were provided instead of the
cadaver dissection pictures, this case study might have
been more interesting.
Tomokatsu Hori
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Total Removal of a Recurrent
Craniopharyngioma
MASATO SHIBUYA AND AKIRA IKEDA

Diagnosis Craniopharyngioma
Problems and Tactics Despite total removal under the microscope
craniopharyngiomas often recur1,2 during long-term follow-up because: (1)
attachment of the tumor to the stalk, hypothalamus, and undersurface of the
optic chiasm are blinded, and microscopical tumor invasion into these vital
structures makes complete removal difficult; (2) the surgeon’s aggressiveness for tumor removal from these structures should be cautiously weighed
against postoperative functional deficits.
In the present case, a 5-cm retrochiasmatic–third ventricular tumor was
totally removed via a bifrontal basal interhemispheric approach. A second
surgery was performed at 8 years and a third at 12 years, 4 months after a
gamma knife surgery. The tumor was totally or grossly totally removed each
time in spite of marked tissue adhesion. Part of the reason is that the
patient’s short anterior communicating artery (ACoA) prevented sufficient
brain retraction and tumor dissection especially under and lateral part of chiasm under direct vision.
Keywords Craniopharyngioma, recurrence, gamma knife, interhemispheric
approach

Clinical Presentation
This 38-year-old man had presented with loss of libido
and mild visual disturbance for the previous 6 months.
Magnetic resonance imaging (MRI) showed a 50-mm
mixed solid and multicystic tumor in the retrochiasmatic
region and third ventricle. Via a bifrontal basal interhemispheric approach the tumor was totally removed.
The tumor recurred 6 years later and was subtotally
(98%) removed 8 years after the first surgery. The tumor
again grew during the following 4 years. Four months after gamma knife surgery, rapid tumor growth impinging
on the optic apparatus forced a third operation and the
tumor was totally removed. The patient returned to his
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normal daily life without hormonal replacement but with
a moderate visual disturbance in the left eye.

Surgical Technique
First surgery
For a 50  26  25 mm mixed solid and multicystic tumor (Fig. 38-1) surgery was performed via a bifrontal
basal interhemispheric approach.3 A bone flap was
made through a coronal skin incision. The nasal portion of the frontal base was removed in one piece with
the bone flap. The basal interhemispheric fissure was
dissected down to the chiasmal region. Yellow cystic
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FIGURE 38–1 (A) Before operation. A 50-mm retrochiasmatic solid and cystic posterior third ventricular tumor that
was totally removed. (B) Before second operation. Magnetic
resonance imaging (MRI) 8 years later shows a 30-mm

retrochiasmatic solid tumor and a separate 20-mm cystic
tumor in the pineal region and hydrocephalus. (C) After second
operation. Enhanced MRI after the second surgery shows no
tumor.

tumor was seen in the prechiasmatic cistern but only a
small amount of clear fluid was evacuated. A dark-yellow cyst seen in the lamina terminalis was cut in the
midline and cystic fluid was evacuated. Continuous
cerebrospinal fluid (CSF) drainage using a thin plastic
tube settled in the bottom of the operative field was
helpful in keeping the operative field dry and clean
and preventing postoperative chemical meningitis and
subsequent tissue adhesion. Tumor content was removed by a two-suction technique.3 Serrated suction
tips were especially useful in cutting and suctioning the
tumor and retracting the cyst wall.4 The tumor boundary was not always clear. The part invading the wall of
the third ventricle was bluntly dissected using bipolar
forceps by both a pinching and spreading motion of
the blades. The upper part of the cyst wall in the posterior third ventricle could be pulled down without difficulty. It is important to remove the tumor in large

blocks, and not in tiny pieces, to keep the continuity of
the tumor capsule.
The tumor was dissected from the optic chiasm
from both above and below using a tip-bent silver
dissector. Tension on the optic nerves was reduced by
opening the falciform process on both sides, which
made visualization of the part of the undersurface of
the chiasm possible. The pituitary stalk was seen
running under the surface of the tumor on the right
side, which could be dissected from the tumor. The
ACoA was extremely short and crossing the midline
as an X-shape, which limited lateral retraction of
the brain (Fig. 38-2C). The lateral part of the undersurface of the chiasm could not be inspected completely even with the use of a small mirror. Here,
where it attached most heavily, the tumor had to be
dissected blindly; however, the tumor was considered
to be totally removed.

A

B

FIGURE 38–2 (A) Left VF after the gamma knife and before
the third surgery shows medial lower half sector cut, with vision of 1.2 (normal). (B) Left VF after the third surgery shows
marked constriction of the visual field, with vision of 0.3.

C

(C) Schematic drawing at the first surgery showing a solid tumor under the chiasm and cystic tumor in the third ventricle.
The anterior communicating artery was very short and
prevented retraction of the frontal lobes. st., pituitary stalk.

13830_C38.qxd

2/2/05

180

3:06 PM

Page 180

SECTION 2  Brain Tumors

OUTCOME
Postoperatively the patient was disoriented for a few days
with serum Na 154, which recovered quickly. Diabetes
insipidus (DI) and hypopituitarism were controlled with
DDAVP and cortril. The patient’s vision was unchanged
and he returned to his previous normal life with hormonal substitution, which was gradually tapered off.
Postoperative MRI showed no enhancing lesion and
confirmed total tumor removal.

Second surgery
On routine MRI follow-up, a recurrence of the tumor
was found 6 years postsurgery, which gradually enlarged
to a 30  25  20 mm irregularly shaped solid tumor in
the retrochiasmatic region. A 20  15  10 mm separate
ovoid cystic tumor was seen in the posterior third ventricle. Marked hydrocephalus was also noted (Fig. 38-1B).
The second surgery was performed via the same approach 8 years after the first surgery. Dissection was difficult due to severe adhesion by thick connective tissue.
The retrochiasmatic tumor was removed in a fashion
similar to the first surgery. Because the patient’s visual
function was still good, aggressive dissection, especially
under the chiasm, could not be done. The cystic tumor
in the pineal region was partly invading the wall of the
third ventricle, and the upper part of the tumor adhered
to the Tela choroidea from which the tumor received
many small arterial feeders. The tumor could be removed in one piece despite its depth. Tumor removal
was estimated as 98%. It is not clear whether this posterior tumor is a recurrence of the original tumor or a migration. A ventriculoperitoneal shunt was settled for the
hydrocephalus.

Third surgery
MRI follow-up showed a minimal recurrence of the tumor
2 years after the second surgery. The tumor gradually increased in size. The patient was referred to another hospital for gamma knife surgery 3.5 years after the second surgery. Central 22 Gy with a marginal dose of 11 Gy was
applied; however, the cystic tumor rather rapidly enlarged
causing a deterioration of visual acuity (Fig. 38-2).
Two months after gamma knife surgery MRI showed
the tumor size as 32  23  20 mm (Fig. 38-2). The third
surgery was performed in the same fashion 4 months
after gamma knife therapy and 12 years after the first surgery (Fig. 38-3). The left A1–A2 could be dissected but
the ACoA complex was completely buried in thick connective tissue. A pale, cystic tumor seen in the lamina
terminalis was removed. This time, dissection was meticulous and aggressive, especially under the chiasm because
it was essential to remove the tumor as completely as possible given the progressing visual disturbance. The pituitary stalk could not be seen anymore and must have been
buried under the connective tissue.
OUTCOME
The patient’s vision deteriorated postoperatively
(rt: 1.0, lower lateral 1⁄8 sector defect, lt: 03, lower half
defect, Fig. 38-2). MRI 3 months after the third surgery showed total tumor removal (Fig. 38-3). The patient returned to his normal life without hormonal
replacement. There was no change in pathological
finding of the tumors from three operations except
that the specimen from the third surgery also showed
areas of radiation-induced necrosis.

Key Points
OUTCOME
Postoperatively the patient showed no new deficit. His
hormonal replacement was again tapered off. MRI
revealed no residual tumor (Fig. 38-1C).

A

B

FIGURE 38–3 (A) Before third operation. A 33-mm tumor in
the retrochiasmatic region 4 years later, 4 months after

For total removal of a large retrochiasmatic craniopharyngioma, a bifrontal basal interhemispheric approach is the
most appropriate among many approaches5,6 to preserve

C

gamma knife. (B,C) Enhanced magnetic resonance imaging
after the third surgery shows no tumor.
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vital structures such as the optic apparatus, pituitary
stalk, hypothalamus, and perforating arteries. In addition, the first surgery gives the best chance for total
removal due to clear anatomy with less adhesion. Continuous CSF drainage and serrated suction tips are useful surgical tools.3,4 With this approach the most difficult point of tumor dissection is under the chiasm,
especially in its posterolateral side. The ACoA may have
to be sacrificed if it makes complete tumor removal possible; however, aggressiveness of dissection must be
decided by weighing the importance of total tumor removal against postoperative deficits. In this case, a short
X-shaped ACoA could not be cut, resulting in tumor
dissection being more difficult and possibly leading to
the recurrence. Every effort should be made to preserve
the pituitary stalk because it can reduce postoperative
hormonal replacement and increase chances of tapering
off hormonal replacement.
Although functions of the hypothalamus and its laterality, whether each side has different functions, has not
been elucidated, we think preservation of at least one side
of the hypothalamus is essential. By the coronal MRI findings, the side with more tumor invasion is decided upon
and aggressively dissected while preserving the other side
as much as possible. Development of a good endoscope
and intraoperative monitoring of visual and hypothalamic functions may further improve operative results in
the future.
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Effectiveness of gamma knife surgery for the recurrent tumor has been widely documented.7 In this case,
however, we could not wait long enough to observe its
effect. All patients should be followed by MRI at least
every 6 months, even if the postoperative MRI did not
show any residual tumor. In this respect, we consider the
surgeon’s estimation about tiny residual tumor to be
more reliable than MRI of the current resolution.
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Comments
I congratulate the authors’ excellent results for this difficult operation of recurrent craniopharyngioma. I agree
with the authors’ opinion that the best approach for removal of craniopharyngiomas is the interhemispheric
translamina terminalis approach, and the region at the
lower surface of the chiasm is the place where a piece of
tumor tissue is most likely to be left unremoved. In my personal series of 40 cases of seemingly total removal of craniopharyngiomas six cases showed recurrence, most of them
from the aforementioned place. We reoperated, three
times in two cases, and successfully removed the recurred
tumors as in this report, although some technical difficulties were present. All the patients who received multiple
operations in my series are now tumor free and conducting
a normal social life. So I believe the best way to manage
craniopharyngiomas is to try total removal and then watch,
without imposing radiotherapy that may jeopardize hormonal or mental functions. And when recurrence is found
at follow-up, it should be removed again at its smaller stage.

In regard to the hindrance of an indivisible ACoA, I wonder if either side of the A1 could have been cut. By so doing
the ACoA complex could have been retracted aside so as
not to disturb the manipulation. Detachment of the tumor
from the third ventricular wall is best performed by gentle
usage of a dissector. The pinching and spreading motion of
the bipolar forceps blades may somewhat be avoided.
Regarding preserving the pituitary stalk, it would of
course be better to preserve if complete tumor removal
can be assured; however, recurrence was encountered in
one case in my series from the preserved stalk. The frequency of postoperative diabetes insipidus did not seem
to relate to preservation of the stalk in my series. In
addition, the posterior lobe of the pituitary gland did actually regenerate afterward if it was severed at some length
from the floor of the third ventricle, so I am not adamant
about preservation of the stalk.
Kazuo Hashi
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Subarachnoid Hemorrhage with
Bilateral Aneurysms and Apoplexy of
Pituitary Macroadenoma
JOHN LAIDLAW AND ANDREW H. KAYE

Diagnosis Grade 1 subarachnoid hemorrhage, vasospasm, right posterior
communicating aneurysm, left A1 segment aneurysm, and apoplexy of
growth hormone–secreting pituitary macroadenoma with visual failure.
Problems and Tactics A 51-year-old, left-handed woman presents 4 days
after collapse with headache and visual failure affecting predominantly the
left eye, and is found to have a growth hormone (GH)–secreting pituitary
macroadenoma, a small amount of subarachnoid hemorrhage (SAH), a 6-mm
aneurysm of the right internal carotid artery (ICA) at the posterior communicating artery (PCoA) origin, a 3-mm left anterior cerebral artery (ACA)
aneurysm at the midpoint or the A1 segment, and vasospasm. There was no
indication as to which aneurysm had caused the SAH. A right pterional/
subfrontal craniotomy with frontal extension allowed clipping of both
aneurysms (the left A1 aneurysm approached between the optic nerves)
and debulking of the macroadenoma.
Keywords Aneurysm, pituitary tumor, pituitary apoplexy, subarachnoid
hemorrhage, vasospasm

Clinical Presentation
This 51-year-old, healthy, left-handed female presented
4 days following collapse. The collapse had occurred
suddenly in the shower, and the period of loss of consciousness was probably only a few minutes. On regaining consciousness she was aware of global headache and
general malaise. She did not report neck stiffness or photophobia, although she noted her vision, which had been
poor particularly in the left eye for 2 years, was blurred.
She cared for herself and was fully independent until presenting to hospital with increasing headache and malaise.
On examination the patient was alert with no neurological deficit except for visual signs. Visual acuity was
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6/5 on the right and 6/9 on the left, a Marcus-Gunn
pupillary reaction on the left, and optic atrophy on the
left with normal right funduscopy. Formal field examination showed complete left temporal field loss and an
enlarged blind spot on the left and some peripheral
restriction (particularly upper quadrants) on the right
(Fig. 39-1). There was no extraocular palsy, no other
cranial nerve deficit, and no neck stiffness. There was no
clinical evidence of hormonal dysfunction and, in particular, no signs of acromegaly.
Computed tomographic (CT) scan revealed a 3-cm
isodense mass in the pituitary region, which enhanced
with contrast; a moderately enlarged sella turcica was
noted on the bone views, and no evidence of subarachnoid
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FIGURE 39–1 Automated visual field
perimetery (Medmont M600) at presentation.

hemorrhage (SAH) (Fig. 39-2A). Magnetic resonance
imaging (MRI) scan confirmed the diagnosis of pituitary
macroadenoma with suprasellar extension and extension into the right cavernous sinus, with no evidence of
bleeding in the tumor (Fig. 39-2A-C). MRI fluidattenuated inversion recovery (FLAIR) images sequence
showed a small amount of increased signal in the subarachnoid space in the convexity gyri and basal cisterns,
indicating evidence of minor SAH (Fig. 39-2D). Magnetic resonance angiography (MRA) suggested a small
(6 mm) right internal carotid (posterior communicating) aneurysm, and suggested the possibility of a left A1
segment ACA aneurysm (Fig. 39-2E). Cerebral digital
subtraction angiography (DSA) demonstrated a 7-mm
right-sided internal carotid artery/posterior communicating artery (ICA/PCoA) aneurysm that was moderately irregular (Fig. 39-2F). In addition, there was an
irregular small (3–4 mm) aneurysm arising from the
midportion of the left A1 segment of the anterior cerebral artery (ACA), midway between the carotid bifurcation and the anterior communicating artery (ACoA)
(Fig. 39-2G). There was evidence of vasospasm in the
left A1 segment and the ACoA complex. There was also
fusiform dilatation of the basilar termination but no specific saccular aneurysm at that site.
Endocrine assays revealed moderate elevation of
growth hormone and mild elevation of prolactin consistent with stalk effect [prolactin 2576 mIU/L (70–700),
fT4 11.0 pmol/L (9.0–26.0), TSH 5.29 mIU/L (0.1–4.0),
LH 3.9 IU/L (0.5–15.0), FSH 4.0 IU/L (0.5–13.5), GH
7.1 mIU/L (0.13–5.0), cortisol 261 nmol/L (120–650)].

Surgical Technique
The patient was given a general anesthetic, with attention
to maintaining mild hypervolemia (not using diuretic)
and strict avoidance of hypertension to give some protection from the vasospasm. High-dose corticosteroids were
given to protect the optic nerves during tumor dissection.

A variation of the pterional craniotomy was used
where the scalp is retracted forward with the temporalis
fascia. Temporalis muscle is kept intact but is detached
from its anterior cranial insertion and retracted posteroinferiorly to expose the pterion. This allows more
anterior access than when the temporalis muscle is
divided and retracted forward, and provides the option
to convert to the frontoorbitozygomatic approach
should access be restricted.1 A 6  9 cm free frontotemporal craniotomy flap was raised, providing low access to
the anterior fossa floor. The remaining medial part of
the sphenoid wing not raised with the craniotomy flap
and irregularities in the floor of the anterior fossa were
removed with a high-speed burr extradurally.
Dural opening revealed obvious evidence of old, dark
SAH in the sulci over the hemisphere, and xanthochromia was later noted in the basal cisterns. A ventricular
drain was passed through the middle frontal gyrus,
giving good brain relaxation.
The medial aspect of the sylvian fissure and basal
cisterns were widely opened. The tumor mass was seen
anterior to the right optic nerve, which was pushed posteriorly and laterally. The left optic nerve was obscured
by the tumor (Fig. 39-3A).
The right ICA/PCoA aneurysm was dissected off the
third nerve with sharp dissection, and was noted not to
have evidence of previous rupture. It was clipped, protecting the PCoA, with a titanium aneurysm clip. Utilizing the
access through the wide sylvian split, it was possible to
expose the right A1 and follow this almost to the ACoA
complex with minimal retraction. It was not necessary to
resect the gyrus rectus for exposure.
The tumor was entered through an opening in the
capsule that was made anteriorly and as inferiorly as
possible, noting it to be firm peripherally but very soft
centrally. Limited internal debulking of the tumor was
performed with suction and curettage. This allowed the
tumor capsule to be gently retracted and dissected off
the left optic nerve. Working between the two optic
nerves, the left ICA was exposed and was dissected
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FIGURE 39–2 Preoperative imaging. (A) Computed tomographic (CT) scan showing a suprasellar mass invading the
right cavernous sinus. (B) T1 sagittal magnetic resonance
imaging (MRI). (C) Coronal T1 MRI. (D) Axial fluid-attenuated
inversion recovery MRI, note high signal in sulci indicating subarachnoid hemorrhage. (E) Magnetic resonance angiography

anterior view, note arrows on right posterior communicating
artery/internal carotid artery (PCoA/ICA) aneurysm and left
A1 aneurysm. (F) Right carotid digital subtraction angiography (DSA), note arrow on PCoA/ICA aneurysm. (G) Left
carotid DSA, note arrow on A1 aneurysm and spasm in left
anterior carotid artery territory.

distally to the bifurcation. Having control of the origin
of the left A1, attention was redirected to the complete
exposure of the ACoA complex.
The left optic nerve was seen to be narrowed to 20%
of its normal diameter focally where it had been com-

pressed between the ACA and the tumor. A 3-mm saccular
aneurysm was found on the A1 immediately proximal to
the left optic nerve. It also contributed to this focal nerve
narrowing and had evidence of recent rupture with
marked fibrinous adhesions to the optic nerve and
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FIGURE 39–3 Intraoperative photographs and diagramatic
key below each image. (A) Initial view on exposing the basal
cistern through a right pterional approach. Pit, pituitary
macroadenoma; R2, right optic nerve; RC, right ICA; ** right
internal carotid artery/posterior communicating artery

(ICA/PCoA) aneurysm. (B) Exposure of left internal carotid
artery (ICA) and anterior carotid artery (ACA) after resection
of tumor, note focal narrowing of the left optic nerve. R2, right
optic nerve; LC, left ICA; L2, left ICA; * left A1 segment
aneurysm.

xanthochromia (Fig. 39-3B). A titanium clip was passed
between the optic nerves to secure the neck of the
aneurysm. Micro-Doppler was used to check flow in all
the vessels.
The dome of the tumor was then dissected to identify
the pituitary stalk superiorly. Although the stalk had
been predicted to run posteriorly in the tumor mass, it
appeared to be running anteriorly and somewhat to the
left and was indistinguishable from the tumor capsule
after a few millimeters. It appeared likely that at least
part of the stalk would have been transected by the anterior opening into the tumor (just above the level of the
diaphragma). The internal debulking of the tumor had
completely decompressed the optic nerves and chiasm
(Fig. 39-3B).

eye acuity. There was no other neurological deficit.
The patient had diabetes insipidus for 5 days, which
then resolved. GH levels and other endocrine function
continue to be monitored.
Postoperative angiogram showed complete clipping
of the aneurysm, with more extensive vasospasm involving
the middle cerebral territories also. Vasospasm prophylaxis with hypervolemia and nimodipine was continued
for 10 days, during which time transcranial Doppler
velocities remained elevated, although the patient experienced no delayed ischemic deficit.

Outcome
Tumor histology was consistent with a growth hormone
(GH)–secreting pituitary macroadenoma, with definite
evidence of hemorrhagic necrosis (contrary to the MRI
appearance). Postoperatively the right eye vision was
unchanged, although there was further reduction in left

Key Points
Although it is true that pituitary apoplexy alone could
account for this presentation and can of itself cause SAH,
we considered the history of sudden collapse, SAH, and
the two aneurysms with vasospasm to be more consistent
with this patient having aneurysmal SAH and a coexisting
pituitary macroadenoma. Transsphenoidal surgery was
not appropriate with a potentially unsecured recently
ruptured aneurysm. Endovascular coiling of the right
PCoA was technically possible, although the anatomy of
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the left A1 aneurysm was not considered suitable for
coiling. A pterional/subfrontal approach was therefore
considered the only option to deal with both aneurysms
and tumor at the same time. Preoperatively it was not
apparent which aneurysm had ruptured; the vasospasm
on the left suggested the left A1 aneurysm, but the larger
size of the right PCoA aneurysm suggested otherwise.
A left-sided approach would have benefits in this lefthanded patient of both approaching the tumor from the
nondominant side, working around the optic nerve with
the least function, and giving optimal control of the left
A1 aneurysm; however, it would have been difficult to
control the right PCoA aneurysm from the left side, with
potential catastrophic consequences if this was the ruptured aneurysm and it re-bled intraoperatively. A rightsided approach was therefore chosen because it was
considered that left-sided proximal control and the left
A1 aneurysm would be accessible between the optic
nerves after some tumor debulking.2
The recognition of vasospasm preoperatively was
important because we have seen transient drop in blood
pressure on anesthetic induction result in stroke in these
patients; therefore, mild hypervolemia and intravenous
nimodipine3 were used prophylactically. The strategies of
the low craniotomy as already described, ventricular
drainage, and wide opening of the sylvian fissure and
basal cisterns provide excellent exposure despite the
avoidance of diuretic. If this had not been adequate, then
we have found a bolus of hypertonic saline (100 mL of
3% NaCl) to have a similar effect on brain compliance as
diuretic while avoiding hypovolemia, and this has been
reported by others as a safe alternative to mannitol.4
Although not required in this case, we have found that
resection of 1 cm of gyrus rectus is often required for easy
access to the ACoA complex, and would certainly recommend this if exposure was in any way difficult.
With a PCoA aneurysm we would usually completely
expose the neck and arterial anatomy with sharp dissection prior to accurate clip placement but would not necessarily completely dissect an adherent fundus off the
third nerve. In this case, however, the aneurysm was
completely dissected because it was important to determine early whether this aneurysm had bled. Because the
PCoA aneurysm had no evidence of rupture, rather than
performing an extensive tumor debulking a more limited decompression was performed to allow proximal
control of the left ICA, which was then followed distally
as more tumor was decompressed. Only after we had

good control of the left A1 origin did we complete the
tumor decompression.
The tumor capsule opening was deliberately made as
inferior as possible not only to keep away from the
aneurysm at that time but also in order that, if the stalk
is inadvertently sectioned (as partly occurred in this
case), even a complete transection at the level of the
diaphragma sellae usually does not result in permanent
diabetes insipidus. We consider this to be an important
consideration because it is often not possible to clearly
identify the stalk until a large macroadenoma has been
decompressed.
The use of titanium (rather than cobalt alloy or ferromagnetic) aneurysm clips is important in patients with
coexisting tumors and vascular lesions for reasons of
MRI compatibility and also reduced metal artifact in
follow-up CT imaging.5
Although good tumor debulking and optic apparatus
decompression had been achieved, complete resection
of this macroadenoma with cavernous sinus extension
was not possible. Although postoperative radiation therapy is not unreasonable, our preference is to withhold
radiation at this stage, particularly given her compromised visual status. She will require close radiological
and endocrine follow-up, and if significant tumor regrowth
or GH elevation occurs, then transsphenoidal surgery
would be feasible now that the aneurysms have been
secured.
Because she has had two aneurysms and currently has
diffuse dilatation of the basilar tip, follow-up cerebral
DSA in 2 years has been recommended to the patient.
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Comments
This report represents a wonderful tour de force regarding the management of an extremely complex case. This
patient presented with pituitary apoplexy and acromegaly,

and the tumor into which the hemorrhage occurred was a
growth hormone–secreting pituitary adenoma. The evaluation of the patient was complicated in that she had
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subarachnoid hemorrhage, which occasionally occurs
with pituitary apoplexy alone. Her physicians were clever
enough to evaluate the situation thoroughly and to discover the presence of multiple intracranial aneurysms,
which represented a serious challenge. With impressive
surgical virtuosity, the authors were able to do a craniotomy and to remove the pituitary tumor, decompress
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the optic nerves and chiasm, and secure both of the intracranial aneurysms successfully. The case is a tribute to
careful preoperative diagnosis and superb technical surgery using modern adjuncts and modern techniques of
microsurgery.
Edward R. Laws
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40
Giant Nonsecreting Pituitary Adenoma
JÜRGEN KREUTZER AND RUDOLF FAHLBUSCH

Diagnosis Giant non-functioning pituitary adenoma
Problems and Tactics A giant non-functioning pituitary adenoma with
subfrontal and interhemispheric extension was completely removed by a
subfrontal–bilateral approach. Despite the tumor size a selective adenomectomy without new endocrine deficits was possible. Complete tumor removal
has been confirmed by repeated magnetic resonance imaging (MRI) studies.
The tumor recurred after 8 years, showing signs of focal invasivness on the
MRI. Nevertheless, there were no clinical signs of recurrence. The tumor
was again surgically treated, this time by a transsphenoidal approach
followed by conventional three-dimensional (3D)-volume-rendered, fractionated radiotherapy.
This case illustrates key problems in the clinical management of giant
non-functioning pituitary adenomas, especially concerning the issue of
recurrence and the timing of reoperation and radiotherapy.
Keywords Giant pituitary adenoma, management, recurrency, radiotherapy

Clinical Presentation 1
This 45-year-old male patient complained of progressive
frontal headaches. In addition, he suffered from blurring vision over the last 3 month. He also noticed a loss of
his energy level as well as decreased libido and virility.
Cranial magnetic resonance imaging (MRI) showed
a tumor mass in the sella turcica with an extremely
large, partially cystic, suprasellar interhemispheric and
subfrontal extension into the third ventricle. The foramen of Monro blocked. Cerebrospinal Fluid (CSF) was
trapped in the frontal horns of the lateral ventricles.
Four-fifths of the tumor mass extended outside of the
sella turcica, and only one-fifth of the adenoma was
localized in the sella itself (Fig. 40-1).
Compression of the optic chiasm was confirmed by
the ophthalmologists, showing a decreased vision of 0.1
on the right eye and a bitemporal hemianopia.
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A neuroendocrinological blood test excluded a hormonal hypersecretion. Of note, the serum prolactin
level was normal. An incomplete anterior pituitary lobe
deficiency was found: hypogonadism [low testosterone,
luteinizing hormone (LH), and follicle-stimulating hormone (FSH)], hypothyroidism [low thyroid-stimulating
hormone (TSH), free (fT3) and fT4], but normal serum
cortisol levels.
The large tumor mass was therefore suspected to be a
giant non-functioning pituitary adenoma.

Surgical Technique 1
The patient was placed in the supine position. A bitemporal coronal skin incision was performed. Burr holes
were placed at the root of the zygomatic process of
the frontal bone on both sides, above the glabella and
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FIGURE 40–1 Male, 45 years, M.H.-O.,
initial presentation, diagnosis: nonsecreting pituitary adenoma (1988).

3 cm higher. A subfrontal bilateral craniotomy was
performed. The frontal sinuses were opened, the
mucosa removed completely, and the sinuses packed
with antibiotic gauze.
After opening of the dura, careful frontal lobe
retraction was performed, opening the arachnoid and
draining the CSF. Nevertheless the small parts of the
right frontal pole had to be resected to facilitate an
accurate overview of the anatomy and the subfrontal
tumor parts. After resection of the subfrontal tumor
parts we were able to identify both olfactory tracts
(which must be preserved), the position of the optic
chiasm and its anatomical relationship with regard to
the tumor mass. The right optic nerve was carefully decompressed while resecting the suprasellar tumor parts.
Whenever possible the pituitary stalk has to be identified and preserved on its way into the sella turcica itself.
The bifrontal approach offered a multidirectional visualization of all adherent tumor parts, including the
interhemispheric adenoma extension and the opticocarotid space on both sides. Additionally, this approach
offers good access to the lamina terminalis, whenever
necessary (especially in cases where the main part of the
tumor has developed retro-chiasmatically.) Finally, the
pituitary stalk could be preserved. Complete removal of

the extrasellar tumor parts was facilitated. The intrasellar
parts were removed after drilling of the tuberculum
sellae. A galea-periosteal flap was used to close the
frontal sinuses.

Outcome 1
Repeated MRI studies confirmed complete tumor
removal postoperatively. The ophthalmological deficits,
especially visiual acuity, were markedly improved.
There were no new endocrine deficits, especially no
diabetes insipidus. Taking this into account and also
the postoperative MRI presentation without any suspicous areas with regard to tumor remnants (Fig. 40-2),
we did not see an indication for radiotherapy at
that time despite the diagnosis of a giant pituitary
adenoma.

Clinical Presentation 2
Despite the excellent results after the first operation the
adenoma recurred after 8 years without any clinical
signs. Meanwhile the endocrine deficits had resolved
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FIGURE 40–2 Same patient, M.H.-O.,
follow-up after transcranial surgery, no
tumor remnants (1990).

almost completely, except the necessary hormone therapy with L-thyroxine. On MRI the recurrent tumor
showed growth extension into the sphenoid sinus and
again into the suprasellar space. In addition, there were
signs of focal invasiveness concerning the left cavernous
sinus (Fig. 40-3).

Surgical Technique 2
For a transsphenoidal approach the patient is positioned supine in our department. In large tumors or adenomas with parasellar extension we use a sublabial,
unilateral–rhinoseptal approach. After a small (4 mm)

FIGURE 40–3 Same patient, M.H.-O., follow-up 8 years after transcranial surgery, recurrent tumor (1996).
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horizontal mucosal incision at the vestibulum oris and
preparation of the anterior surface of the cartilaginous
nasal septum, a perpendicular incision of the perichondrium was made. Finding the correct cleavage plane, a
mucosal tunnel was gently created between cartilage and
perichondrium. After mobilization of the basal parts of
the cartilaginous septum, it was pushed to the opposite
side and a small conical retractor was inserted. Fluoroscopy confirmed the floor of the sphenoid sinus,
which was then drilled open under the microscope.
The Cushing-type retractor was replaced by a larger,
but not more conical, retractor, which allows a wider
opening of the speculum blades (Hardy-type, today
also the Zeppelin-Fahlbusch-type). The mucosa of the
sphenoid sinus was removed and a large overview of
the surgical field, reaching from the planum sphenoidale to the upper parts of the clivus, was faciliated
by further drill work. The tumor had perforated the
sella floor in the midline. About one third of the sphenoid sinus was obscured by tumor masses. The opening
in the sella floor was enlarged extending from the medial wall of the cavernous sinus to the clivus and close
to the planum sphenoidale. Successive resection of the
adenoma was performed beginning with the tumor
parts within the sphenoid sinus, followed by debulking
the lateral and inferior parts of the sella with curettes.
The normal pituitary gland could be separated from a
pseudocapsule. The medial walls of the cavernous sinus
were visualized. On the left side the tumor had perforated the wall and invaded the cavernous sinus itself.
Endoscope-assisted microsurgery (rigid endoscope,
0 degree and 30 degree angle optic system) allowed
careful debulking of medial tumor parts within the cavernous sinus. The pulsating intracavernous carotid
artery was visualized with the endoscope and the intracavernous tumor resection stopped. The venous bleeding from the cavernous sinus was controlled with small
pieces of dry gauze, which compresses the bleeding
site. The adenoma tissue was soft, allowing the stepwise
spontanous descent of suprasellar tumor parts followed
by the diaphragm. Under positive end-expiratory pressure ventilation (PEEP 15–20 mmHg) complete selective adenomectomy with regard to the intra- and
suprasellar tumor parts was possible. Because of a small
CSF leak the sella floor was sealed with two layers of fascia lata from the thigh, and fibrin glue as adhesive.
Some fat pieces were plugged into the sphenoid sinus
to hold the fascia in place. The mucosal incision at the
vestibulum oris were closed.

Outcome 2
After the subtotal transsphenoidal tumor resection
with intraoperatively proven focal invasiveness of the
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FIGURE 40–4 Same patient, M.H.-O., follow-up 10 years
after transcranial surgery and 5 years after transsphenoidal
surgery and radiotherapy, stable tumor remnants next to and
within the right cavernous sinus, pituitary gland left.

recurrent pituitary adenoma with regard to the cavernous sinus, the patient underwent 3D-volume-rendered,
fractionated-conventional radiotherapy (48.6 Gy in 1.8
Gy single dosage). We have followed the patient now for
another 6 years without further growth of the invasive
tumor remnants (Fig. 40-4) and still without new
endocrine deficits, although expected to occur within
the next years as a side effect of the radiotherapy (see
following). At the moment serum cortisol levels were
still normal.

Key Points
In our opinion, even in so-called giant non-functioning
pituitary adenomas larger than 4 cm in diameter, a
selective adenomectomy is possible in experienced
neurosurgical hands. Concerning the surgical approach and the clinical management, one has to take
into account the neurological and endocrinological
deficits of the patient, the growth extension and
configuration of the tumor, the existence of focal
invasiveness on the MRI, and the histopathological
tumor type. One must bear in mind that, during the
pre-CT and also during the pre-MRI period, all larger
pituitary adenomas, and especially giant adenomas
were irradiated primarily (Guiot G, “Thanks to cobalt
therapy . . .”).1 With further advances in MRI the
classic management concerning debulking a giant
adenoma and immediate postoperative radiotherapy
has been established.
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In the preceding case we preferred advanced clinical management over the classic approach, which
certainly had included immediate postoperative radiotherapy after the first transcranial procedure. Timing of postoperative radiotherapy includes balancing
risks and benefits. In this case we performed a
complete tumor removal despite the size of the lesion
without any visible adenoma remnants during surgery
and on the MRI. In addition, the patient had an excellent postoperative clinical course without endocrine
deficits. Conventional-fractionated radiotherapy, even
performed 3D-volume rendered, would have included
the well known risks; namely, pituitary anterior lobe
insufficiency, which can be observed in 90% of all patients after 15 years, worsening of visual acuity (up to
5% of patients), potential necrosis of the temporal
lobe, and induction of other neoplasms after years
(1% of cases). Radiosurgery (gamma knife, linearaccelerator based radiosurgery (LINAC)) certainly
would not have been possible in this situation because
of the lack of an MRI target. On one hand immediate
postoperative radiotherapy may have lowered the risk
of recurrence in this case of a giant pituitary adenoma, but on the other hand, considering the preceding risks, the endocrine status of the patient, and the
excellent results on the MRI films we decided to wait
and watch. At our department we see patients with
new MRI studies 3 months postoperatively, followed
by yearly visits in our outpatient pituitary clinic up to
the fifth postoperative year. We encourage them
thereafter to visit us again at least every 3 or 4 years.
This patient had no clinical signs of recurrence, but
an MRI 8 years after the first operation, late during the
postoperative course, revealed the recurrent tumor as
described here. In our opinion transsphenoidal surgery
for nonsecreting pituitary adenomas, even as a reoperation, is a safe procedure with very low morbidity and
almost no mortality in experienced hands. In a series of
317 patients (operated 1982–1995) who underwent secondary transsphenoidal approaches at our clinic we
only saw three CSF leaks [1%; (1%)], one rebleeding
[0.3%; (0.13%)], two SAH [0.6%; (0.13%)], two vascular lesions [0.6%; (0.13%)], two cases of decreased
visual acuity [0.6%; (0%)], three cases of oculomotor
palsy [1%; (0%)], one case of permanent diabetes

insipidus [3.6%; (0.14%)], and seven new other endocrine deficits [25%; (21%)] [secondary operation%;
(primary approach%)].2,3 We therefore think that if no
remnant tumor is detectable on postoperative MRI
studies in nonsecreting pituitary adenomas regardless
of the initial size, and even more important no or only
minor endocrine deficits had occurred, wait and watch
is a reasonable strategy. Although from our investigations nearly all these adenomas show ultrastructural
infiltration of dura specimen (endost by dura of the
sella floor, diaphragm sellae, and/or suprasellar capsule). It also has to be stressed that this advanced
approach is only possible if the patients are followed on a
regular basis. Early detection in patients with recurrent
tumors therefore offers the possibility of a secondary
surgical approach and delayed radiotherapy.4 Having in
mind the often smaller size of these recurrent nonsecreting adenomas radiosurgery in our opinion plays an
increasingly important role in long-term tumor control
in the future.5
Neuropathological proliferation markers, such as Ki67,
MIB-1,or p53, may have been helpful in the preceding
case6 (unfortunately, they were not available regularly at
that point of time in our department). If such markers
are increased or any signs of suspicious focal invasiveness are detected on the MRI, especially regarding the
cavernous sinus, the classic management strategy including early postoperative radiotherapy is imperative.
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Comments
Dr. Kreutzer and Dr. Fahlbusch describe a giant nonsecreting pituitary adenoma that was treated initially with
transcranial surgery and secondarily with transsphenoidal surgery followed with irradiation. Their surgical
techniques were excellent in both transcranial and

transsphenoidal operations. We agree with their “wait
and watch” policy when no tumor remnant is detected
on MRI as far as the yearly MRI follow-up continues. If a
2-mm tumor (4 mm3) remained after the first operation
and a 3-cm tumor (13,500 mm3) was found 8 years later,
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the tumor volume doubling time (TVDT) can be calculated as 8 months (250 days). The TVDT is unusually
short because the shortest TVDT was 506 days among
38 adenomas with a mean TVDT of 1836 days in our
series.1 If the MIB-1 staining index is more than 2% in
patients younger than 60 years, radiation therapy is recommended soon after the surgery even in patients
whose tumor is gross-totally removed. We believe that
total tumor removal is impossible in giant pituitary
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adenoma based on experience with hormone-secreting
adenomas.
Yuichiro Tanaka and Shigeaki Kobayashi
REFERENCE TO COMMENTS
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41
Olfactory Neuroblastoma with
Brain Invasion
KIYOSHI SAITO

Diagnosis Olfactory neuroblastoma
Problems and Tactics A 30-year-old woman suffered from olfactory
neuroblastoma. The tumor occupied the nasal cavities and ethmoid
sinuses, and invaded the orbits and frontal lobes. The lesion was removed
en bloc with tumor-free margins. The defect was reconstructed with an inner
table of the frontal bone and a free forearm flap anastomosed to the facial
artery and vein. Malignant skull base tumors require craniofacial en bloc
resection and simultaneous reconstruction by a multidisciplinary team
consisting of neurosurgeons, otorhinolaryngologists, and plastic surgeons.
Keywords En bloc resection, olfactory neuroblastoma, reconstruction,
skull base

Clinical Presentation
A 30-year-old woman was referred to our institution with
a 6-month history of anosmia. Computed tomography
(CT) and magnetic resonance imaging (MRI) showed a
mass in the anterior cranial base (Fig. 41-1). The tumor
occupied the upper portion of the nasal cavities and the
ethmoid sinuses, involved the nasal bone, and destroyed
the medial orbital walls and the anterior cranial base.
The tumor invaded into the orbits and the frontal lobes.
Biopsy from the nasal cavity revealed that the tumor was
olfactory neuroblastoma.

Surgical Technique
A skull base surgery team consisting of neurosurgeons,
otorhinolaryngologists, and plastic surgeons performed
surgery. Through a coronal skin incision, a bifrontal
craniotomy was performed. The dura was opened at the
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frontal base. The basal portion of the bilateral frontal
lobes had tumor invasion and was separated from the
normal brain. The arachnoid membrane and thin layer
of the normal brain were left on the lesion as tumorfree margins. Then the dura was incised around the
tumor on the planum sphenoidale and orbital roofs. Skull
base osteotomies were made along the dural incision
(Fig. 41-2).
The orbital contents were separated from the medial
orbital walls, where the periorbit was left on the lesion as
a tumor-free margin. Facial osteotomies were made in
the nasal bone and bilateral orbital floors (Fig. 41-2).
The nasal septum and the mucosa were transected.
Through the planum sphenoidale, a final osteotomy was
made in the floor of the sphenoid sinus. The tumor was
then removed in an en bloc fashion. Unfortunately in
this patient, a small tumor mass was additionally removed
from the right orbital floor.
The dural defect was closed with a graft of the fascia
lata. The medial orbital walls and the nasal bone were
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FIGURE 41–1 (A) Enhanced computed tomography and (B,C) magnetic resonance imaging showing a mass in the anterior cranial base.
The tumor occupies the nasal cavities and the ethmoid sinuses and
invades the orbits and the frontal lobes.

reconstructed using an inner table of the frontal bone.
The defect in the anterior skull base and the reconstructed orbital walls and nasal bone were covered with a
forearm flap anastomosed to the facial artery and vein
(Fig. 41-3). The dura was tacked up and the free frontal
bone was repositioned.

Outcome
Postoperatively the patient had impaired ocular movement, which was recovered within 2 weeks. She received
additional chemotherapy (cisplatin  etoposide) and 40
Gy focal irradiation. Two and half years later, tumor recurred in the right orbital roof. Surgical resections and
radiation therapy were performed. At present, 5.5 years
after initial surgery, she is alive with disease.

Key Points
Malignant tumors involving the skull base still pose a
formidable surgical challenge. Although en bloc resection
of malignant tumors with tumor-free margins is an established oncological principle, the structural complexities
of the skull base make en bloc resection of advanced
lesions difficult.1 In our institution, a skull base surgery
team consisting of neurosurgeons, otorhinolaryngologists, oral surgeons, and plastic surgeons perform en bloc
craniofacial resection and simultaneous reconstruction.2
We have performed en bloc resection for 75 malignant
skull base tumors since 1991. Overall 2- and 5-year
survival rates were 75% and 65%, respectively. Olfactory
neuroblastoma is also best managed by craniofacial
complete resection.3,4
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The most important step to achieve this surgery
successfully is preoperative planning. In a preoperative conference, we define tumor extension and tumorfree margins from the radiological findings. When the
tumor reaches the skull base, the skull base bone is

resected as a tumor-free margin. When the tumor
destroys the skull base bone, the dura mater overlying
the affected bone is removed as a margin. When the
tumor invades into the brain, the brain and dura
mater adjacent to the tumor are separated from more
distant normal tissues and removed with the skull base
lesion. We then discuss each step (skin incision, facial
dissection, craniotomy and intracranial procedures,
and reconstruction), estimated time, and required
surgical equipments.
In this patient, the basal portion of the frontal lobes
and bilateral medial orbital walls with periorbit were
resected as tumor-free margins. In our series, the dura
was resected as a margin in 20 patients, and the dura
and brain were resected as a margin in 12 patients.
Two- and 5-year survival rates after resection with
dura were 79% and 37%, respectively, and those after
resection with dura and brain were 61% and 50%.
Although recurrence happened in this patient, en
bloc resection improved the outcome of skull base
malignant tumors even with dural extension or brain
invasion.
Simultaneous reconstruction of the defect is another
important aspect of this surgery. After resection of
malignant skull base tumors, we usually utilize free
flaps, such as a rectus abdominal musculocutaneous
flap, an anterolateral thigh flap, or a forearm flap, depending on the size of the defect. To prevent cerebrospinal fluid leak and meningitis, the skull base defect
must be tightly covered with the flap. The dura should
be tacked up to the bony edges and epidural dead
space must be eliminated.
Reconstruction with free flaps is strong enough to
prevent herniation of the brain; therefore, bony reconstruction of the skull base is not necessary unless the

FIGURE 41–3 (A) Postoperative plain computed tomography
and (B) enhanced magnetic resonance imaging. Medial orbital walls and nasal bone were reconstructed with an inner

table of the frontal bone. The skull base defect and the reconstructed orbital walls and nasal bone were covered with a
forearm flap.

FIGURE 41–2 Illustration of the surgical plan. In the anterior
cranial base, involved brain and dura were separated from
more distant normal tissues. After osteotomies in the face and
skull base, the lesion with bilateral medial orbital walls and
skull base structures was removed en bloc.
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skull base defect is extremely large, such as extending
across more than two cranial bases. On the other
hand, defect of the facial contour or the orbital walls
requires bony reconstruction for aesthetic or functional
reasons. We usually reconstruct the orbital walls using
the inner table of the calvarial bone or a titanium
plate. In either case, these nonvascularized materials
must be covered with vascularized flaps and separated
from the nasal or paranasal cavities to prevent later
developing infection.
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Comments
The authors have presented a case of olfactory neuroblastoma having an advanced local extension. I agree that
a radical surgical resection followed by radiation and
chemotherapy is appropriate in such a case. Reconstruction of the skull base was meticulously and successfully
performed with autologous material.
Olfactory neuroblastoma, also known as esthesioneuroblastoma, is relatively uncommon and aggressive
malignant neoplasm, which originates from specialized
neuroepithelium of the upper nasal cavity. These tumors
frequently have an intracranial extension. The neoplasm
is locally aggressive and can metastasize by lymphatic
and hematogenous routes. Because of the rarity of the
lesion and heterogeneity of the treatment, it has been
difficult to make strong recommendations for the management of esthesioneuroblastoma. At present, the most
commonly advocated treatment strategy is radical and
complete tumor resection with negative surgical margins
as the first line of treatment. This treatment is followed
by adjuvant radiation therapy. Craniofacial resection has
evolved as the preferential operative procedure for
achieving tumor negative margins.1 The most significant
predictor of early recurrence and a reduced overall
survival is tumor-positive surgical margins. This was the
reason that an intracranial extension was considered to
be a contraindication for surgery. Studies have shown,
however, that the percentage of patients undergoing
craniofacial resection of the tumor with intracranial
extension ranged from 27% to 57%.1 Esthesioneuroblastoma patients seem to have a better prognosis after a
radical tumor resection than other malignant tumors in
the region.1 Patients in whom the dura is not involved
and in whom there is no brain invasion are candidates
for potentially curative resection, regardless of the previous treatment undertaken. In the presented case, the
intracranial parasellar area was clearly isolated from the
tumor invasion, and this might have been the reason
that the authors considered en bloc resection of the

tumor possible. The Kadish grading system, in which the
tumor is classified from A to D based on the tumor
extensions, has been considered as the most important
prognostic scale. This grading system, however, is correlated to relapse-free survival and not to overall survival,
as shown in this case. A second essential prognostic factor
is the histological grading according to the Hyam’s
system. There is significant difference in survival rate
between low-grade tumors (Grade I–II) and high-grade
tumors (Grade II–IV). The histological grading in this
case might be Grade I or II.
This neoplasm has some peculiarities. It is believed to
be radiosensitive, but we have observed from our treatment results that it is rather radioresistant. The tumor
initially seems to be controlled clinically, but the patient
ends up with a late disease progression. Recurrence
rates up to 50% have been cited when radiation therapy
is used as the only modality of treatment. Nevertheless,
adjuvant radiation therapy is warranted in patients who
remain with positive histologic margins of resection.
The benefit of chemotherapy is difficult to assess because chemotherapy is rarely used as a single treatment
modality for this pathology. Favorable response has been
reported with cisplatin-based therapies (cited from
Resto et al4 in the article).
Considering the complexities in the management of
such cases, I would be interested to know why there was
a recurrence in this case.
Kenji Ohata
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Giant Olfactory Groove Meningioma
AARON S. DUMONT, CHARLES A. SANSUR, AND JOHN A. JANE JR.

Diagnosis Giant olfactory groove meningioma
Problems and Tactics A previously healthy young male presented with
an acute decline in mental status and nausea with vomiting after having
been institutionalized for progressive depression and cognitive/behavorial
decline 7 years prior to presentation. He was found to have an olfactory
groove meningioma measuring 10 cm in maximum diameter. The decision
was made to attempt total resection of this lesion.
Keywords Olfactory groove meningioma, anterior cranial base surgery

Clinical Presentation
This 46-year-old right-handed male was admitted to a
nursing home 6 years prior for a progressive decline in
cognitive function, apathy, and depression. On the day of
presentation he became acutely obtunded and developed
nausea and vomiting. His mental status improved considerably over the course of hours. He was, however, taken to
an outside emergency room where he underwent a
work-up including routine laboratories and a head computed tomographic (CT) scan revealing hyponatremia
(Na 124 mmol/L) and a 10-cm mass of the anterior cranial base. He was subsequently transferred to the University of Virginia for further evaluation and treatment. His
admission neurological examination was that he was mildly
disoriented and was neurologically nonfocal with the
exception of papilledema and anosmia. He was started
on high-dose intravenous dexamethasone and was fluid
restricted and loaded with phenytoin. He underwent magnetic resonance imaging (MRI) preoperatively to delineate better the nature and extent of the tumor (Fig. 42-1).

Surgical Technique
Difficulty in treatment of this tumor arose by virtue of
its size and vascularity. Although conventional wisdom
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suggests the best chance for total resection is the first
one and that gross total resection should be attempted
during one procedure, this tumor was purposely resected in stages. It was felt that the patient’s cerebrum
would not adequately tolerate total resection and rapid
reexpansion at one time, and that embolization of this
lesion was dangerous with significant risk of grave
postembolization edema. As a result, the tumor was resected in two stages.
The patient was brought to the operating room for
the first procedure. Before induction of anesthesisa,
an intraparenchymal intracranial pressure monitor
was placed to maintain vigilance in maintaining optimal intracranial pressure during induction and intubation and to guide the extent of resection at this first
sitting.1 The intracranial pressure upon placement was
20 mmHg. The patient then was placed under general
anesthesia and positioned supine in a three-point fixation head rest with the head of the bed elevated above
the heart and neck extended to enlist gravity in retracting the frontal lobes. An initial dose of 0.5 g/kg of
mannitol solution was given at induction. A bicoronal
skin incision was fashioned, followed by a bifrontal
craniotomy. Burr holes were initially placed at both
key holes and at the right pterion, and a single burr
hole over the superior sagittal sinus. The dura was
dissected free and the bone flap was cut using the
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FIGURE 42–1 Preoperative magnetic resonance imaging. Highly vascular and large meningioma arising from the anterior
cranial base.

craniotome. The underlying dura was quite tense and
an additional dose of mannitol (0.5 g/kg) was administered along with hyperventilation to a PCO2 of 20 to
25 mmHg. The dura was opened over the right side of
the exposure in linear fashion because only subtotal
resection of the right portion of the tumor was attempted at this stage. The tumor was highly vascular
and an attempt was made to curtail the basal blood
supply with bipolar electrocautery. Resection was
continued until the intracranial pressure monitor
read 4 mmHg. The dura was left open and a loose
dural substitute was placed over the remaining defect.
The bone flap was left off and the wound was closed in
the usual fashion. The patient was transferred to the
neurosurgical intensive care unit postoperatively. His
neurological condition was unchanged following this
procedure. Estimated blood loss was 1700 cc for
this procedure.
The patient underwent postoperative imaging
(Fig. 42-2). The patient was also subsequently embolized
on postoperative day 5 with additional planned resection the following day. The patient suffered no untoward complication of embolization.
The following day, the patient was taken back to the
operating room and was positioned as previously described. The old incision was opened. At this time, a
wide bifrontal dural opening was performed and the superior sagittal sinus was ligated anteriorly. The tumor
was resected in microsurgical fashion with an attempt at
first disrupting the remaining basal vascular supply with
subsequent coring followed by pulling down the capsule
with completion of resection. The tumor was also highly
vascular at this operation. Near gross total resection was
felt to have been achieved at this surgery and a small
amount of adherent, residual tumor was possibly left in

the right parasellar region. Estimated blood loss was
2700 cc for this procedure.

Outcome
The patient’s neurological condition postoperatively improved from his preoperative baseline. His apathy and
cognitive difficulty appeared substantially improved. His

FIGURE 42–2 Postoperative computed tomography (CT).
First procedure enhanced CT scan revealing parietal tumor
resection and prophylactic decompressive craniectomy.
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ally placed on anticoagulation. He fully recovered from
this complication and was discharged to home and no
longer required nursing home placement. At 1-year follow-up, the patient continues to do well and now functions independently.

Key Points

FIGURE 42–3 Postoperative computed tomography (CT).
Second procedure postoperative enhanced CT scan revealing aggressive tumor resection, a small amount of hemorrhage seen in the right-sided resection cavity (seen on unenhanced CT), and a probable small amount of residual tumor in
the same location (although not definitively confirmed).

postoperative imaging studies demonstrated excellent
resection (Fig. 42-3). His postoperative course, however,
was complicated by multiple upper and lower extremity
deep venous thromboses and multiple pulmonary
emboli. He had a vena cava filter placed and was eventu-

This case is of importance because of the size and vascularity of this tumor, and the unconventional approach to management. The authors have witnessed the effects of rapid
expansion of chronic and massively compressed brain,
which is often poorly tolerated. In addition, embolization
can be dangerous in the setting of massive and highly vascular tumors that place the brain at an already tenuous and
potentially dangerous portion of the compliance curve.
The authors feel that staged management employed in
this case was instrumental to the eventual excellent outcome for this patient. The first stage, guided by intracranial pressure monitoring, allowed initial decompression
of the tumor followed by an additional measure of safety
afforded by durotomy and craniectomy. This allowed
some (albeit very modest) brain expansion and also provided confidence that embolization could be safely and
aggressively pursued. The second stage, although still difficult, was facilitated by these aforementioned measures.

REFERENCE
1. Bedford RF, Morris L, Jane JA. Intracranial hypertension during
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Comments
The authors are to be congratulated on nicely managing
this patient harboring a huge olfactory groove meningioma.
It is difficult to resect a highly vascular meningioma
with minimum blood loss before detaching the tumor
attachment. The tumor in the present case is wellenhanced by the contrast medium and several flow
voids are visible on MRIs. As the authors mentioned,
the preoperative emobilization may be dangerous. Pure
ethanol injection into the tumor mass may help to reduce
intratumoral bleeding.
The authors are wise in measuring the intracranial
pressure as a monitor for obtaining a landmark for adequate decompression. To get adequate decompression
in a case of meningioma, detachment of the tumor from

the dural attachment is essential. We have a case of a
huge sphenoid ridge meningioma in which the surgery
was terminated because it took too many hours and we
thought adequate decompression was achieved. Several
days after surgery, cerebral herniation occurred because
of increased peritumoral edema, and emergency surgery was needed. Even though mass reduction was obtained at the first surgery, decompression from the normal brain might not have been adequately achieved in
our case where the dural attachment remained undetached. From this experience we consider that, even for
a patient undergoing a staged surgery, dural attachment
of the tumor needs to be detached as much as possible.
Kazuhiro Hongo and Shigeaki Kobayashi
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Supraorbital Keyhole Craniotomy for
Frontobasal Meningiomas
ROBERT REISCH AND AXEL PERNECZKY

Diagnosis Frontobasal meningioma
Problems and Tactics A huge frontobasal tumor was diagnosed in a
34-year-old man. After careful preoperative planning taking into consideration
the individual pathoanatomical situation, the tumor was exposed via right
supraorbital craniotomy. The supraorbital approach allowed wide intracranial exposure of the frontobasal tumor, according to the concept of keyhole
approaches. The limited craniotomy offered minimal brain retraction thus
significantly decreasing approach-related morbidity. In addition, the short
skin incision within the eyebrow and the careful soft tissue dissection resulted
in a pleasing cosmetic result for the patient.
Keywords Frontobasal meningioma, supraorbital craniotomy, surgical approach

Clinical Presentation
This 34-year-old man was admitted in a neurological
department with headaches, progressive disturbance of
memory, apathy, inactivity, and aggressiveness. The
neurological examination revealed slight organic brain
syndrome and right-sided anosmia. Cranial magnetic resonance imaging (MRI) demonstrated a huge bifrontal
frontobasal tumor extending mostly to the right side, with
an enormous space-occupying effect (Fig. 43-1A). Given
the progressive psychological syndromes and spaceoccupying effect, urgent surgical removal was indicated.

Surgical Technique
In general, in cases of large intracranial tumors, the optimal surgical corridor corresponds to the length axis of
the lesion. Using the sectorlike widening of the visual
field, these extended, especially deep-seated lesions can

be safely approached through small, well-placed craniotomies (Fig. 43-1B). In this illustrative case, the rightsided, frontobasal meningioma with a longitudinal
tumor axis was exposed via a limited right supraorbital
craniotomy. Along the frontal skull base, the tumor
matrix was coagulated and resected step by step, and the
meningioma was removed piecemeal.
After induction of endotracheal anesthesia, the patient
was placed in the supine position with the head elevated
15 degrees. Thereafter, the head was rotated 45 degrees
to the left and retroflected 20 degrees. This head position allowed an ergonomic working position during
surgery; the maneuver of retroflexion supported gravityrelated self-retraction of the frontal lobe. After fixation of
the head with a special radiolucent three-pin Mayfield
holder, computed tomography (CT) was performed
using mobile CT (Philips Tomoscan M, The Netherlands)
dedicated for intraoperative application (Fig. 43-1B).
The portable gantry was used in the later course of the
operation, controlling the radicality of tumor removal.
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After precise definition of the frontal anatomical landmarks (e.g., orbital rim, supraorbital foramen, temporalline, zygomatic arch, frontal skull base), a 4-cm skin incision was performed laterally from the supraorbital
nerves. To achieve a cosmetically optimal outcome, the
incision followed the orbital rim within the eyebrow.
After skin incision and soft tissue dissection a single frontobasal burr hole was performed posterior to the temporal line. Using a high-speed craniotome, a bone flap with
a width of 2.5 cm and a height of 1.5 cm was created. After
removal of the bone flap the tabula interna of the craniotomy was carefully drilled off, offering an increased
angle for intracranial visualization during surgery.

FIGURE 43–1 (A) Pre-operative magnetic resonance images
(MRIs) in the coronal and sagittal planes of a 34-year-old
man, clearly showing the enormous space-occupying effect of
the solid, homogeneous, encapsulated, frontobasal meningioma, which extends mostly to the right. (B) Intraoperative
computed tomographic scan showing positioning of the head
before craniotomy. According to the longitudinal tumor axis,
the sector-like surgical dissection allowed a safe approach to
the large meningioma. Note the extension of the limited supraorbital craniotomy (arrows).

After durotomy, cerebrospinal fluid was removed
from the right sylvian fissure, allowing gentle retraction of the frontal lobe. First, the matrix of the tumor
was attacked: it was coagulated and separated from the
skull base, thus markedly reducing the bleeding during further dissection. After removal of the basal part
of the tumor, the spontaneous dynamic descent of the
tumor was used for removal of the next basal tumor
layer. This laminal, piecemeal technique allowed safe
and timesaving extirpation without additional brain
retraction (Fig. 43-2). The progress of tumor removal
and the localization of residual tumor tissue was
controlled using intraoperative CT scan (Fig. 43-3A).
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FIGURE 43–2 Schematic drawing showing the technique of
piecemeal tumor extirpation through the limited craniotomy.
After cutting of the matrix and removal of the basal part of the

A

tumor, the spontaneous tumor descent could be used for
removal of the next basal tumor slice, without additional brain
retraction or extended skull base exposure.

FIGURE 43–3 (A) Intraoperative computed tomographic
scan showing positioning of the head during partial tumor
removal. Using intraoperative imaging, definition of the
residual tumor mass was easily possible. (B) MRI investigation on the fifth postoperative day reveals complete tumor
removal. Note the reexpansion of the frontal lobe, the corpus callosum, and the midbrain.
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The tumor showed good arachnoidal sheath toward the
surrounding brain tissue as well as toward the optic
nerves and the internal carotid and anterior cerebral
arteries, allowing complete removal. The right olfactory
nerve was destroyed by the tumor and could not be preserved; however, the left olfactory nerve could be successfully dissected from the tumor tissue. After completion of
the intracranial procedure, the dural incision was closed
watertight, and a plate of Gelfoam was placed extradurally. The bone flap was fixed with one titanium Craniofix plate (Aesculap AG, Tuttlingen, Germany). After
final verification of hemostasis, the muscular and subcutaneous layer was closed with interrupted sutures, the
skin with sterile adhesive tapes. Due to the limited skin
incision and atraumatic preparative technique a suction
drain was not necessary.

Outcome
After a 1-day observation in our neurosurgical intensive
care unit, the patient was mobilized on the first postoperative day. Beside the preexisting organic brain syndrome
and right-sided anosmia, examination did not reveal novel
neurological symptoms, and intact left-sided olfactory
function was intact. Minor postoperative headaches were
treated with analgesics. The postoperative histopathological investigation revealed benign meningothelial meningioma, and MRI investigation on the fifth postoperative
day showed complete tumor removal (Fig. 43-3B).

Key Points
Intracranial lesions located close to the surface, such as
convexity meningiomas, require a comparatively bigger
craniotomy that is at least as large as the lesion itself;
however, such deep seated lesions as skull base tumors
can be well exposed through small, limited approaches.
These craniotomies provide excellent visualization of
objects that are deep seated or even contralaterally
located because the intracranial field widens with the
increasing distance from the approach entrance.1
Our illustrative case was an excellent demonstration
of this concept of the so-called keyhole approaches. It is
important to emphasize however, that keyhole surgery
does not imply that the craniotomy should be the size of
a small key hole, but that the selection of the correct,
well-placed limited craniotomy has a key function to

enter a particular intracranial space and to work there
with a minimum of traumatization.2,3 The keyhole concept
is based on the careful preoperative study of diagnostic
images to determine the anatomical windows providing
optimal access to the intracranial lesion. According to
the individual windows and approaches for surgical dissection, the least traumatizing and most physiological
approach to the target region should be defined in
each individual case. In choosing the correct keyhole
approach to a specific lesion, it becomes possible to
markedly reduce the size of the craniotomy with less
need for brain exposure and retraction, reducing the
risk for complications.
In this case, we could achieve excellent exposure of
the huge skull base meningioma, even through the limited supraorbital craniotomy. Using the strategy of coagulating and cutting the tumor matrix first and removing
the basal slice of the tumor allowed a well-controlled
piecemeal removal of the tumor without rough brain
retraction or extended removal of skull base structures.4
The radicality of tumor removal was helpfully controlled
with intraoperative CT, confirming the site of suspicious
remaining tumor tissue.5 Keyhole surgery with careful
soft tissue dissection, limited skull base craniotomy, and
safe, effective, and timesaving tumor removal ensured
that this patient’s recovery was rapid and uneventful.
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Comments
In the early 1980s, I started the eyebrow incision and
the lateral orbital keyhole approach to the frontotemporal basal lesions, including aneurysms and tumors.

I named the small, less invasive craniotomy the
keyhole microneurosurgery in 1981. I reported my
lateral orbital eyebrow incision and keyhole approach
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to aneurysms in 1982. Since then, there were several
other attempts of this type of surgery reported, particularly in the 1990s. After 10 years of experience with
this keyhole craniotomy, I noted some disadvantages
of the eyebrow incision, such as some visible incision
scar, some pterional muscular atrophy, and some
left and right asymmetry of the pterion; therefore, I
nearly stopped this procedure and changed to the
standard one-layer frontotemporal skin flap. I still use
this eyebrow incision for bald-headed patients, and
I do perform a very small keyhole craniotomy for posterior fossa lesions and the midline interhemispheric
approach.
For anterior skull base tumors such as meningiomas,
craniopharyngiomas, and chordomas, I would prefer a
rather wider operative field, although I maintain minimal
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retraction of the base of the brain in the 1 cm range;
however, I would prefer to have wider space from the
medial to lateral aspect.
Professor Perneczky has been accumulating a large
volume of this type of keyhole craniotomy series with excellent techniques and operative results; however, for
the average practicing neurosurgeon, particularly
trainees, assistants, and residents, this type of smallopening procedure will be more risky, and I would not
recommend it. For the extremely highly specialized expert neurosurgeon, this procedure may work; however,
for the ordinary board certified neurosurgeon, the keyhole craniotomy will have more risks and the procedure
may become a dangerous acrobatic surgery.
Takanori Fukushima
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44
Giant Skull Base Meningioma
Invading Carotid Artery
MARC PIERRE SINDOU AND JORGE ALVERNIA

Diagnosis Giant right anterior clinoid meningioma
Problems and Tactics A giant right anterior clinoid meningioma with lateroand suprasellar extension was found in a middle-aged woman. She was
referred to an emergency service with an intracranial hypertension syndrome due to hydrocephalus secondary to obstruction of both the foramen
of Monro and the third ventricle. The meningioma invaded the right carotid
artery from the clinoid portion up to the bifurcation. A surgical cranial decompression was performed on emergency. Later the patient was referred to us
for attempts at total removal of the tumor. The strategy consisted of performing
a right extra–intracranial (EC–TC) bypass using a vein autograft for arterial
revascularization of the carotid territory, followed by a complete gross tumor
resection. The patient was then shunted for a normal pressure hydrocephalus that had persisted long term.
Keywords Skull base meningioma, extra–intracranial (EC–IC) arterial
bypass, interposed venous grafts, orbitozygomatic osteotomy

Clinical Presentation
This 44-year-old woman, a psychiatrist, was referred to an
emergency service for disabling headaches and drowsiness in relation with a severe intracranial hypertension
syndrome. Right-eye blindness with optic atrophy was
found at ophthalmologic examination. Imaging demonstrated a right voluminous anterior clinoid meningioma
with middle fossa and suprasellar extension compressing
the third ventricle and foramen of Monro. Because of
the severity of the clinical status, she had emergency decompressive partial resection of the tumor through a
right frontotemporal craniotomy (Fig. 44-1). A few
months later she was referred to our team for completing
the surgery; namely, attempting total removal. Magnetic
resonance imaging (MRI) showed the remaining portion
of the tumor, developed from the anterior clinoid
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upward to the suprasellar region (Fig. 44-1). On right
selective angiography, the C2 and C1 carotid artery, as
well as the M1 segment of the middle cerebral artery,
were found occluded by tumor invasion (Fig. 44-2).
There was no cross-circulation from the left carotid
artery; in fact, the right carotid bifurcation was occluded.
Right hemisphere circulation was through a multitude of
tiny meningeal–cortical anastomoses and cortical suppleances from anterior cerebral and posterior cerebral
territories.

Surgical Technique
In a first staged operation a right extracranial–intracranial
(EC–IC) arterial bypass using internal saphenous venous
autograft was performed between the lingual artery at
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FIGURE 44–1 (A) Coronal T1 magnetic resonance imaging
(MRI) with gadolinium contrast and (B) axial T2 MRI showing
a 5-cm right giant clinoid meningioma with suprasellar extension (and hydrocephalus). Notice displacement of the anterior

and middle cerebral artery, located in a groove on the tumor
capsule. Also note the temporal cavity corresponding to the
previous surgical operation.

the neck and the distal branch of the middle cerebral
artery (namely, the angular artery). The decision to use
a venous autograft was made because the superficial
temporal artery had been destroyed at the first emergency surgery. The lingual artery was preferred because
of its easy access at the neck and its appropriate caliber.
An end-to-end anastomosis was completed with a dozen
single stitches, using 8–0 nylon thread, between the lingual artery and the distal stump of the graft (taking into
account the orientation of the valvulas). A subcutaneous
tunnel was then created in the retroauricular region
from the cervical incision to the cranial incision to pass
the venous saphenous graft through, taking care to avoid
twisting or kinking.
The angular gyrus artery was selected as the receiving
cortical artery because of its constant topography (6 cm
vertically from the external auditory meatus), and of its
larger diameter. The anastomosis between the graft and
the cortical artery was of the end-to-side type. Because
the wall of the graft was much thicker than the cortical
artery wall, a partial coronal resection of the thick
adventitial and the thick muscular layers of the vein was
performed. An adjusted longitudinal arteriotomy was
then performed on the angular artery, 8 mm in length.
The lumen of the recipient artery was flushed with
heparinized saline solution. The vein graft was sutured
with 25 stitches using 10–0 nylon thread. Intravenous
heparin anticoagulation was undertaken in the early
postoperative period. On the tenth postoperative day,
bypass patency was demonstrated by digital subtraction

angiography (DSA) (Fig. 44-2), and heparine therapy
stopped.
The operation on the tumor was performed 2 weeks
later through a right frontopterionotemporal craniotomy
with orbitozygomatic osteotomy to increase the size of
the cone of approach and diminish the need for brain retraction. After extradural exposure of the middle fossa
and identification of the carotid artery at the foramen
lacerum, just posteromedially to the foramen ovale and
below the posterior aspect of the V3 root, the horizontal
intrapetrous portion of the carotid artery was skeletonized
to facilitate temporary clipping if necessary. An anterior
clinoidectomy was then performed after unroofing the
optic nerve at the optic canal, so that the C2–C3 junctional portion of the carotid artery was identified, to be
controlled at its exit from the cavernous sinus.
The next step was an intradural approach for tumor
removal. The tumor was first disconnected from its dural
implantation. The right supraclinoid internal carotid and
the third nerve were encased in the tumor capsule and invaded to such an extent that they could not be resected.
The right optic nerve and adjacent part of the chiasma
were found severely atrophic and were resected. An intracapsular volume reduction was then performed by using
the ultrasonic aspirator and bipolar coagulation to facilitate tumor debulking from adjacent structures. Although
difficult to identify because of their encasement inside
the tumor, the C1 portion of the carotid artery, the posterior communicating and anterior choroidal arteries, the
carotid bifurcation, and the MC1 trunk were dissected
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FIGURE 44–2 Digital subtraction angiography of the right common carotid artery. Preoperative angiogram with (A) anteroposterior and (B) lateral views, showing occlusion of the carotid bifurcation and middle cerebral trunk by tumor invasion.
Control angiogram with (C) anteroposterior and (D) lateral

views of the extracranial–intracranial bypass between the
lingual artery at the neck (not shown) and the angular gyrus
cortical artery, using an internal saphenous venous autograft.
Note that the patent bypass takes in charge a large part of the
sylvian territory.

free. Because all were sclerotic and occluded, they were
sacrificed. Afterward, the tumor capsule could be debulked and removed from the adjacent basal and brain
stem parenchyma, passing subpially at the level of the orbitofrontal cortex but extrapially along the brain stem.
The degree of tumor resection was considered to have
been a Simpson Grade II (Fig. 44-3).

consisted of a right complete oculomotor deficit (created
by the surgery) and blindness in the right eye (which
had existed prior to the first operation). Cognitive functions became normal so that part-time professional work
could be resumed. The postoperative CT scan showed
gross total removal of the tumor and normal size ventricles
(Fig. 44-3).
Four months later, the patient presented with mental
deterioration that corresponded to normal pressure
communicating hydrocephalus. A ventriculoatrial shunt
with an adjustable pressure valve was inserted, which
reversed the disabling neurological status.

Outcome
Despite two lengthy operations, the postoperative course
was favorable and uneventful. Neurological sequels
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FIGURE 44-3 Postoperative computed tomographic scan
showing the absence of tumor remnant, and also the
fronto-pteriono-temporal approach and (subtotal) anterior
clinoidectomy.

Key Points
1. Orbitozygomatic osteotomy combined with frontopterionotemporal craniotomy, by increasing access to lesions located deeply in the basal brain,
makes for easier surgery with less cerebral retraction.1 Anterior clinoidectomy performed extradurally allows good devascularization of the tumor
insertion of the skull base, prior to opening the
dura.
2. The possibility to perform revascularization using
EC–IC bypass makes safer the sacrifice of the invaded carotid artery and branches and helps restore
good arterial flow.2–4 In our case we considered it
wise to perform cerebral revascularization before
removal of the tumor because of the invasion of the
right carotid artery and its bifurcation and
branches as well as the middle cerebral trunk. In
addition there was no cross-circulation from the
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contralateral carotid system due to invasion of the
circle of Willis. The most widely adopted procedure
for revascularization is the EC–IC bypass between
one of the branches of the external carotid artery
(ECA) and a cortical branch of the middle cerebral
artery (or sometimes a more proximal trunk). In
cases with destruction of ECA branches by prior
cranial surgery, however, an interposed venous
graft is needed.5 The internal saphenous vein at the
thigh is generally chosen because it is longer and
has a larger diameter, which facilitates good flow in
spite of numerous and strong valvulas. Along the
course of the graft in the subcutaneous bed, care
must be taken to avoid kinking or axial torsion as
well as strangling by adventitial retraction. Regarding the choice of the recipient cortical artery, the
angular gyrus artery classically is considered the
best receptor site because of its constant topography
(6 cm vertically from the external auditory meatus),
its location prolonging the sylvian fissure axis, its
wide diameter, and its tolerance of temporary
clamping, including on the dominant side. Moreover
its posterior location renders the bypass safe for
subsequent surgical manipulations.
3. The great liability for EC–IC bypasses using an interposed venous graft to thrombosis, heightened by
the existence of two anastomotic sites, makes wise
the use of associated anticoagulation for a week or
so; however, the absence of technical errors and the
presence of a sufficient EC–IC gradient of blood
pressure are the two principal factors for obtaining
a good patency rate.2
REFERENCES
1. Sindou M, Emery E, Acevedo G, Ben-David U. Respective indications
for orbital rim, zygomatic arch and orbitozygomatic osteotomies in
the surgical approach to central skull base lesions: critical, retrospective, review in 146 cases. Acta Neurochir (Wien) 2001;
143:967–975
2. Sindou M, Grunewald P, Guegan Y, Redondo A, Rey A. Cerebral
revascularization with extra-intracranial anastomoses for vascular
lesions of traumatic, malformative and tumorous origin. Acta
Neurochir Suppl (Wien) 1979;28:282–286
3. Keravel Y, Sindou M. Giant Intracranial Aneurysms: Therapeutic
Approaches. Paris: Masson; 1984
4. Sekhar LN, Kalavakonda C. Cerebral revascularization for
aneurysms and tumours. Neurosurgery 2002;50:321–331
5. Daher A, Sindou M, Goutelle A, Perrin G. Extra-intracranial
shunts by venous grafts interposed on the carotid system. Neurochirurgie 1988;34:113–119. French

Comments
Sindou and Alvernia discuss their experience with an
EC–IC saphenous vein graft and skull base approach
(orbitozygomatic approach, exposure of the petrous

segment ICA, and anterior clinoidectomy) in a patient
having a giant skull base meningioma invading the carotid
artery. On carotid angiography, C1 and C2 portions of the
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internal carotid artery, as well as the M1 segment of the
middle cerebral artery, were occluded by tumor invasion.
In such cases it is important to preserve cerebral cortical
function by augmentation of the cerebral blood flow. This
is because hemispheric deficits like mental deterioration
and hemiparesis are more serious sequelae than unilateral
cranial nerve deficits as a result of radical resection of the
basal meningioma. In the presented case, preservation of
the integrity of the perforators was well executed and is
the key point in such an operation. Skull base approaches

and an extradural exposure are helpful in treating such a
case because they provide a wide exposure and a shallow
operative field and, in addition, they help in devascularization of the tumor.
The authors must be congratulated for their management of this case by employing an excellent surgical
strategy and skillful performance of a high-flow bypass
and tumor resection.
Hideyuki Ohnishi
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45
Clinoidal Meningioma Encasing the
Internal Carotid Artery
SHINJI NAGAHIRO AND TERUYOSHI KAGEJI

Diagnosis Meningioma arising from the anterior clinoid
Problems and Tactics A huge, highly vascular anterior clinoidal meningioma encasing the internal carotid artery was found in a woman with progressive visual deficits. We used a skull base technique and were able to
preserve the internal carotid artery (ICA).
Keywords Clinoidal meningioma, internal carotid artery, perforators, optic
nerve, skull base technique

Clinical Presentation
This 31-year-old woman developed right visual disturbance 6 months before admission. She was pregnant
and almost full term. Her vision on the right was limited
to counting fingers in front of her face. Magnetic resonance imaging (MRI) showed a huge mass in the right
parasellar region (Fig. 45-1A,B). The internal carotid
artery (ICA) was located in the center of the enhanced
mass, indicating that the tumor had completely encased
the ICA. Carotid angiograms showed a highly vascular
tumor and narrowing of the ICA (Fig. 45-1C). The patient tolerated the balloon occlusion test of the right
ICA. After undergoing Cesarean section she was referred to us for surgical treatment of the tumor.

Surgical Technique
The patient’s head was turned 45 degrees to the left and
fixed with a three-pin head rest. She was appropriately
prepared and draped not only in the scalp area but also
in the areas of the neck and right thigh in anticipation
of a possible high-flow bypass in case of accidental or intentional ICA sacrifice in the course of tumor removal.

Then right frontotemporal craniotomy was performed
(Fig. 45-2). Before opening the dura, the sphenoid
wing was extensively drilled away, the optic canal was unroofed, and the anterior clinoid process was removed.
The dura was incised and the sylvian fissure was widely
opened to expose the meningioma. Although the tumor
was very large, it was soft; therefore, its lateral part was
removed in piecemeal fashion using ultrasonic aspiration and tumor forceps. The branches of the middle
cerebral arteries were followed proximally to expose the
main trunk (M1) and the ICA. Bleeding from the tumor
was moderate and well controlled with a bipolar coagulator. After confirming the location of the ICA, the attachments of the tumor to the dura around the ICA
dural ring were separated using a bipolar coagulator.
The ICA and its branches, the anterior choroidal arteries and the posterior communicating arteries, were
completely embedded within the tumor (Fig. 45-2).
Because the arachnoid membrane was preserved in the
cleavage between the tumor and the cerebral vessels,
however, tumor separation from the arteries was relatively easy. The ICA was narrow due to compression by
the surrounding tumor, but the arterial wall seemed to be
free of tumor invasion. Although the right optic nerve
was markedly displaced by the tumor in a superomedial
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FIGURE 45–1 (A,B) Preoperative enhanced magnetic resonance imaging and (C) right carotid angiogram showing a huge
vascular tumor with complete encasement of the internal carotid artery (ICA) (arrow). Note narrowing of the ICA.

A

B

C

FIGURE 45–2 (A) The skin incision and craniotomy. (B) Optic canal unroofing and tumor separation from the ICA, the anterior
choroidal artery, and the posterior communicating artery. (C) Operative sketch after total removal of the tumor.
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direction, it was well preserved (Fig. 45-2). The tumor
was totally resected with preservation of all important
arteries and nerves. The dura at the site of tumor attachment was coagulated sufficiently. There was no invasion
of the tumor into the cavernous sinus. The dural defect
around the optic canal was repaired using fascia from
the temporal muscle.

Outcome
The patient postoperative course was uneventful. Her
right visual disturbance rapidly and markedly improved;
her vision returned to normal by the time of discharge
2 weeks after the operation. MRI demonstrated no residual tumor and a 3D-CT scan revealed good preservation
of the ICA and the other large vessels (Fig. 45-3).

Key Points
Clinoidal meningiomas are defined as meningiomas
originating from the anterior clinoid or medial third of
the sphenoid ridge.1 Total removal of huge clinoidal
meningiomas is a highly complex surgical procedure
because these tumors frequently encase large cerebral
vessels such as the ICA and its branches. In cases where
they infiltrate into the adventitia of the ICA or other
main cerebral arteries and in situations where they

A

FIGURE 45–3 (A) Postoperative three-dimensional computed tomographic (CT) angiogram showing patency of the
right internal carotid artery and the major cerebral arteries.
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invade the cavernous sinus or the infratemporal fossa,
their total removal may be impossible.1,2 Of 33 parasellar meningiomas we operated sequentially, 16 were clinoidal meningiomas originating from the anterior clinoid without invasion of the cavernous sinus, seven
were tuberculum sellae meningiomas, and 10 were
meningiomas originating from the cavernous sinus itself, with involvement of the orbital and infratemporal
structures in four cases (sphenocavernous meningiomas). It was usually difficult to remove tumors
involving the cavernous sinus or infratemporal fossa;
the postoperative morbidity rate among those patients
was 10%, another 10% died, and 20% experienced
tumor regrowth or recurrence; however, 12 of the
16 clinoidal meningiomas, including the tumor presented here, were completely resected, three tumors
with tight adhesion to vessel walls were subtotally
removed, and one huge calcified tumor that completely encased the vessels was partially removed. All
16 patients with operated clinoidal meningiomas had
good outcomes without major morbidity.
The cranial base approach associated with extensive
extradural removal of the sphenoid wing, unroofing of
the optic canal, and anterior clinoidectomy3 is useful
for addressing clinoidal meningiomas.1,2 The merits of
this approach are as follows: (1) tumor feeders that
derive from the dura around the clinoid process can
be coagulated before the tumor is removed; (2) the
proximal ICA can be secured in the event of vascular
injury during tumor dissection; (3) surgical orientation

B

The A1 portion shows narrowing. (B) The postoperative
magnetic resonance image reveals complete removal of
the tumor.
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can be easily obtained by exposing the proximal ICA
and the optic nerve in the extradural space; and (4)
the entire length of the optic nerve can be decompressed sufficiently; however, difficulties arise when
the extradural space is narrow due to the presence of a
large and hard tumor.
The presence or absence of arachnoid membranes
between the tumors and cerebral vessels is an important factor that affects whether a clinoidal meningioma encasing the cerebral vessels can be completely
resected. Total removal of these meningiomas with
preservation of the ICA may be possible even in cases
with complete encasement, if the arachnoid membrane between the tumor and the vessels is preserved.1,2 It is usually difficult, however, to confirm the
status of the arachnoid membrane with MRI or CT
neuroimaging techniques. Vascular narrowing and
irregularity have been raised as possible evidence of
tumor invasion into the vessels; however, as shown in
our patient who manifested narrowing of the ICA, they
do not represent reliable evidence. In addition, evaluation of encasement of the anterior choroidal and posterior communicating arteries by the meningioma is
difficult with neuroimaging techniques. The decision
of whether the tumor can be safely separated from the
arterial wall ultimately must be made intraoperatively.
If the arachnoid membrane is preserved in the cleavage between the tumor and the arterial adventitia,
attempts must be made to separate the tumor gently
from the membrane without manipulating the artery
itself. If, on the other hand, the tumor shows tight
adhesion to the adventitia, it should be cut with
microscissors a short distance from the adhesion, leaving

small tumor fragments on the adventitia to avoid rupture of the arterial wall due to mechanical injury.
The primary goal of this operation is optic nerve decompression and visual improvement. Al-Mefty1 claimed
that postoperative recovery of visual deficits was poor in
patients with clinoidal meningiomas. On the other
hand, Lee et al,2 who used a technique similar to ours,
reported significant visual improvement in 75% of
patients operated by using a cranial base technique consisting of extradural anterior clinoidectomy coupled
with optic canal unroofing.
In our experience, six of nine patients with severe preoperative visual deficits manifested significant postoperative improvement; the patient presented here experienced rapid, marked improvement after total removal of
her tumor. In patients with long-standing preoperative
visual loss, and in patients whose tumors adhere tightly
to the optic nerve, sight recovery may be difficult; however, in efforts to obtain postoperative visual improvement in patients with clinoidal meningiomas, adequate
optic nerve decompression, including the optic canal
unroofing and gentle separation of the tumor without
inflicting mechanical injury to the nerve, should be
attempted.
REFERENCES
1. Al-Mefty O. Clinoidal meningiomas. J Neurosurg 1990;73:840–849
2. Lee JH, Jeun SS, Evans J, Kosmorsky G. Surgical management of
clinoidal meningiomas. Neurosurgery 2001;48:1012–1019; discussion 1019–1021
3. Dolenc VV. General approach to the cavernous sinus. In Anatomy
and Surgery of the Cavernous Sinus. New York: Springer-Verlag;
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Comments
The author’s surgical concept is fully accepted. In the current reports, disturbance of visual acuity has seldom recovered after surgery on a sphenoid wing or a tuberculum sellae meningioma, in contrast to better visual outcome after
a transsphenoidal surgery on a pituitary adenoma. In
sphenoid wing meningiomas we have observed kinking of
the optic nerve, which can be compressed toward the falciform ligament by the tumor. The poor recovery rate might
be caused by further stretching of the optic nerve during
tumor manipulation during surgery, or by blunt dissection
of the tumor from the nerve. In our series of the recent
10 years, we have found better visual outcome because the
optic canal was widely opened epidurally prior to the
tumor exposure, as indicated by the author. Decrease of

blood supply to the tumor by an epidural resection of the
anterior clinoid process could offer a dry surgical field, enabling sharp tumor dissection. Correct anatomical orientation of the location and depth of the internal carotid
artery (C3) by removal of the anterior clinoid process is an
advantage during the tumor dissection from the base. The
radicality of the tumor resection is influenced by the presence or absence of tumor adhesiveness to the posterior
communicating and anterior choroidal arteries and their
perforating vessels. The extent of the relationship of the
tumor with the blood vessels in the circle of Willis can be
observed on T2-weighted MRI.
Takeshi Kawase
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Visual Improvement in a Clinoidal
Meningioma Extending into the Optic Canal
YUICHIRO TANAKA AND KAZUHIRO HONGO

Diagnosis A clinoidal meningioma
Problems and Tactics A 4-cm meningioma was found at the left anterior
clinoid process in a 38-year-old woman who complained of visual impairment in the left eye. The tumor was demonstrated to extend into the left
optic canal. Complete tumor removal and preservation of vision were
attempted.
Keywords Anterior clinoid process, meningioma, optic nerve

Clinical Presentation
This 38-year-old woman had complained of visual deterioration in the left eye. Her vision of the right eye had
been mildly poor since childhood. Neuroophthalmologic examination revealed that the vision was 0.7/0.9
and the visual field of the left eye was defected on the
nasal side (Fig. 46-1A). Magnetic resonance imaging
(MRI) showed a well-enhanced mass at the left anterior
clinoid process, and the maximum diameter was
41 mm (Fig. 46-2A). The obliquely sagittal plane
showed the tumor penetrated into the left optic canal
(Fig. 46-2A).

Surgical Technique
The patient was placed in the supine position. A left
frontotemporal craniotomy was performed. Bridging
veins between the temporal lobe and sphenoid ridge
were isolated and freed from their surroundings to
enable multidirectional surgical access to the tumor by
mobilizing the temporal lobe. The tumor was soft and
strongly adherent to the base of the frontal lobe. The
tumor was partially resected and a left optic nerve was

found displaced medially. Removal of the anterior
clinoid and optic unroofing were performed with a
“protective dural flap” method (described following
here) for removing the tumor in the optic canal and the
paraclinoid tumor attachment.
A semicircular dural flap was made by cutting the
dura along the tumor margin and was pulled with two
threads over the anterior clinoid process and optic canal
(Fig. 46-3). The flap was extended over the underlying
optic nerve and tumor with tapered spatulas to create a
space for drilling the bone. The site for drilling was
adequately exposed and bone was drilled away smoothly
without compressing the optic nerve.
The dural flap was divided between the left optic
nerve and the internal carotid artery (ICA) by pulling
the threads separately, and the tumor was found in the
lateral side of the optic canal. After removing the tumor in
the canal and around the proximal ICA, the tumor
attachment was coagulated and removed. The anterior
cerebral artery (ACA) was found encased by the tumor.
The tumor was dissected from the ICA, posterior communicating artery (PCoA), middle cerebral artery
(MCA), and ACA. Several perforators from the PCoA
and ACA were sharply dissected from the tumor with
microscissors. The tumor was found adherent to the
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procedure. After confirmation of complete hemostasis,
the wound was closed in layers.

Outcome
The postoperative course was uneventful and computed
tomography (CT) scan showed complete tumor removal
(Fig. 46-2C). Her visual acuity improved (0.8/1.2) and
the visual field defect diminished in size (Fig. 46-1B).

Key Points

FIGURE 46–1 (A) Static visual field examination before and
(B) after operation showing the visual field defect of the left
eye diminished after operation.

undersurface of the left optic nerve and the anterior
side of the pituitary stalk. The tumor was removed in
piecemeal fashion from those critical structures, with
the arachnoid membrane preserved as much as possible.
Vascular and neural structures were not damaged by the

Drilling of the parasellar bone is essential to expose the
tumor in the optic canal and to remove the tumor
attachment of the clinoidal meningioma completely.
We prefer resection of the anterior clinoid process in addition to the optic unroofing because damage to the optic nerve due to the surgical manipulation can be reduced by the wide exposure. Degree of the tumor
extension in the optic canal should be evaluated accurately to determine the range of bone resection. The
obliquely sagittal MRI was very useful for the correct estimation of the tumor extension.
Partial tumor resection was made prior to detection of
the left optic nerve in the present case. The optic nerve
is generally identified before removing the tumor
because the surgical manipulation may injure the optic

FIGURE 46–2 (A) Magnetic resonance imaging showing a well-enhanced mass at the left anterior clinoid process. (B) The
obliquely sagittal plane showed the tumor extended into the left optic canal.
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nerve; however, we considered that the procedure to
identify the optic nerve might injure the nerve because
there was tight adhesion between the tumor and the
frontal lobe. The tumor was therefore decompressed
before the optic nerve was identified. This procedure
proved to be effective to lessen the mechanical damage
to the optic nerve.
Previously in our institution, a dural flap at the drilling
site of the paraclinoid region would be removed before
drilling, or would be unresected without pulling with
threads. When the flap was completely removed before
drilling, a suction tube for aspirating fluid containing
bone dust had a potential risk to injure the nerve. On
the other hand, a free dural flap often hampered the
drilling procedure with a risk of being grabbed by the
drill head when the flap was unresected; therefore,
we developed a protective dural flap method. Simple
extension of the dural flap with a thread is inappropriate to prepare enough room for the drill head. The
two-step procedure, turning the flap with threads and
extending it over the underlying structures with a spatula,
FIGURE 46–2 (Continued) (C) A postoperative enhanced
computed tomographic scan showed that the tumor was completely removed.

FIGURE 46–3 Intraoperative images showing procedures for
removing the tumor by a left pterional approach. (A) A semicircular dural flap was pulled with 5–0 nylon threads and extended
over the tumor with two tapered spatulas. The anterior clinoid
process was removed and the optic sheath was exposed.

(B) The dural flap was divided by pulling the threads (arrows).
(C) The tumor in the optic canal was well exposed between the
optic nerve and the internal carotid artery. (D) The tumor was
removed from the undersurface of the left optic nerve. ON, optic
nerve; OS, optic sheath; Sp, spatula; Su, suction tube; Tu, tumor.
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is essential for creating a wide space for drilling in the
deep operative field. In this way, the surgeon’s attention
can be focused on drilling itself, and drilling time may
be shortened. Extradural drilling methods such as
Dolenc’s procedure for cavernous sinus lesions have less
risk of damaging intradural structures than the conventional intradural drilling, but quick inspection of the

intradural components is impossible in extradural procedures.1
REFERENCE
1. Dolenc VV. A combined epi- and subdural direct approach to
carotid-ophthalmic artery aneurysms. J Neurosurg 1985;62:667–672

Comments
This is a beautifully documented case report of a technical refinement in the surgical resection of an anterior clinoid meningioma invading the optic canal. The authors
have shown us a sequence of beautiful microphotographs
that illustrate a “protective dural flap” method of safe unroofing of the optic canal.
The protective dural flap method helps during both
intradural and extradural drilling of the paraclinoid
bony structures. In the epidural approach, the dura
mater can protect the intradural structures, but there
remains a possibility of disorientation as regards the
exact location of the intradural structures. In a standard
intradural approach, the optic canal unroofing can be
safely performed under direct vision of both the tumor
and the surrounding structures, although the possibility
of injury to the optic nerve is higher than in the epidural
approach. Decompression of the tumor prior to reflection of the dural flap, as was performed in the present
case, is feasible only in the intradural approach and
might be a very important step to avoid possible damage
to the optic nerve.
The protective dural flap method can be very useful,
especially in cases with a relatively small paraclinoid
lesion with minimal optic nerve compression or in a case
where the optic nerve is compressed from the lateral
side as in clinoid meningioma or in paraclinoid
aneurysms. If the optic nerve is compressed from the
medial or inferomedial side, such as in tuberculum

sellae meningioma, harvesting of a protective dural flap
might risk optic nerve injury. The probable reason for
this is that the dural reflection on the optic nerve and its
posterior retraction by spatula may increase the compression over the optic nerve by falciform fold.
Preservation of visual function in the surgery of parasellar meningiomas depends on several factors, which
include the tumor consistency, its site of origin, optic canal
involvement, and the duration of the preoperative symptoms. The surgeon should adopt an appropriate approach
based on the location of the tumor and its relationship
to the adjoining structures. I adopt a pterional approach
for clinoid meningiomas, a subfrontal interhemispheric
approach for tuberculum sellae meningiomas, and an
extended middle fossa approach for diaphragma sellae
meningiomas. The site of the tumor location and its relationship with the optic nerve and chiasma determine the
direction of the surgical approach. Inadequate exposure
and difficulties in dissection around the optic nerve can
lead to damage to the nerve. Preoperative planning of the
operative strategy is crucial for a successful outcome. The
oblique sagittal MRI along the optic nerve is useful to
detect the presence of an intracanalicular extension of
the tumor. Axial images show the site of the origin of the
tumor. The preoperative evaluation was adequately performed in the presented case.
Kenji Ohata
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47
Huge Falx Meningioma Removed by Using
End-to-End Anastomosis of the Superficial
Cortical Vein for Obtaining a Wide
Operative Field
MASATO MATSUMOTO, KYOUICHI SUZUKI, AND NAMIO KODAMA

Diagnosis Falx meningioma
Problems and Tactics The huge, dumbbell-shaped falx meningioma
(9  8  6 cm) was located at the interhemispheric portion of the bilateral
parietal region in the bilateral parietal lobe. It was totally removed by
performing end-to-end anastomosis of the superficial cortical vein, which
intercepted the approach to the tumor.
Keywords Giant meningioma, vein anastomosis, falx meningioma, bridging
vein, end-to-end anastomosis

Clinical Presentation
A 70-year-old woman presenting with right hemiparesis,
right hemianopsia, and memory disturbance was found to
have a huge, dumbbell-shaped falx meningioma that primarily extended into the left parietal lobe (Fig. 47-1A,B).
The superficial cortical vein emptying into the superior
sagittal sinus lay in the left parietal lobe (Fig. 47-1C).

Surgical Technique
With the patient in the semisitting position and the
neck slightly flexed, bilateral parietal craniotomy was
performed. The middle meningeal arteries were coagulated with bipolar forceps to stop the blood supply to
the tumor. After opening the dura of the left parietal
area, the superficial cortical vein draining into the
superior sagittal sinus was visualized. It intercepted the

interhemispheric approach route (Fig. 47-2A). First,
the vein was dissected and mobilized; however, this did
not provide sufficient working space for the surgical procedure. We decided to cut the vein temporarily and
anastomose it after removal of the tumor. Temporary
clips were placed on the vein (Fig. 47-2B), which was
cut 25 mm lateral from the superior sagittal sinus
(Fig. 47-2C). This facilitated the approach to the
tumor. The left portion of the tumor was resected
piecemeal and the right portion was removed from the
left side via the transfalcine approach.1 Following total
removal of the tumor, the vein was stitched together by
end-to-end anastomosis using 10–0 monofilament nylon
and interrupted sutures (Fig. 47-2D). The caliber of the
vein was 1.2 mm. The temporary clips were then removed,
thus restoring the venous blood flow. The anastomosed
site was confirmed to be patent. The time from cutting
the vein to restoration of the venous blood flow after
vein anastomosis was 7 hours. During and after the
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FIGURE 47–1 Computed tomographic images, (A) coronal and
(B) axial, demonstrating a falx meningioma with bilateral extension. (C) Left carotid angiogram, lateral view and venous phase,
showing the ascending parietal cortical vein (arrows). The vein
intercepted the interhemispheric approach to the tumor.

surgical procedure, slight brain swelling and petechiae
on the brain surface were noted.

Outcome
Postoperatively, the patient manifested no clinical signs
of venous infarction or neurological deficits. A computed tomographic scan showed no signs of infarction
or brain edema (Fig. 47-3A). She was discharged
1 month after the operation with no neurological deficits.
A cerebral angiogram obtained 3 months postoperatively reconfirmed the patency of the vein (Fig. 47-3B).

Key Points
Interruption of the circulation in a large vein draining
from a large area may induce hyperemia, edema, and
bleeding in the brain. This may make the surgical procedure complicated and result in significant postoperative
morbidity. Furthermore, retraction of the brain manifesting venous circulatory impairment may induce
severe damage. To avoid this, some techniques for the
preservation of the vein have been reported. Sugita et al2
dissected the arachnoid and cortex around a big bridging
vein and retracted the brain at a site slightly distant from
the vein. This facilitated visualization of deep-seated lesions
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A

B

C

D

FIGURE 47–2 Schematic drawings showing the procedure
from dural opening to completion of anastomosis. (A) The cortical ascending vein (arrowheads) intercepted the approach.
(B) To obtain space for the approach, clips were placed and

the vein was cut; this made it possible to (C) resect the tumor.
(D) Following tumor removal, the vein was anastomosed. The
patency of the anastomosis site (arrow head) was confirmed.
SSS, superior sagittal sinus; T, tumor; R, retractor.

without sacrificing the vein. Kyoshima et al3 reported
that the dura-reflecting technique facilitated brain retraction without exerting tension on the bridging vein of
the cranial base. This method was expected to help
avoid injury to bridging veins during surgical procedures.
In our case, however, we thought that these techniques
would not yield satisfactory working space because the
tumor extended far laterally from the falx; therefore, we
decided to cut the vein and to reconstruct it after the
removal of the tumor.

Our method presents some problems: (1) venous
circulation disturbance develops during interruption of
the blood flow in the bridging vein; (2) venous anastomosis after a prolonged surgical procedure can be difficult, primarily because of the smallness and fragility of
the cortical veins; (3) the patency rate following venous
anastomosis is low; and (4) end-to-end anastomosis is
technically difficult due to constriction of the cut vein.
We were able to obtain patency of the anastomosed
vein by taking special care not to damage the venous
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A

FIGURE 47–3 (A) Postoperative computed tomographic scan
demonstrating the total removal of the tumor and the absence
of intracerebral hemorrhage. (B) Cerebral angiogram (venous

phase, lateral view) showing the patency (arrow) of the anastomosed vein.

endothelium. Despite slight swelling and petechiae of
the brain during the operation, postoperatively, there
were neither definite brain edema nor hemorrhage
leading to neurological deficits. Because we have experienced only one case in which the vein was reconstructed
by anastomosis, we cannot proclaim the effectiveness of
vein reconstruction; however, we consider that if it is
possible, restoration of the vein to its normal anatomical
structure is preferable to its sacrifice.
Kanno et al,4 who examined the local cerebral blood
flow (l-CBF) before and after temporary clipping of cortical veins and sinus, recommended preservation of the
venous system if CBF decreases significantly after temporary occlusion, especially if the decrease is 10 mL/
min/100 g; however, there is currently little information
on the venous hemodynamics following obstruction of the
vein.5 To minimize postoperative brain damage due to venous circulation disturbance, it is essential to preserve
the vein as much as possible. The treatment for venous
circulation disturbance remains to be established. If applicable, it may be advisable to use heparin, thrombolysis,

and revascularization to preserve the venous flow and
CBF. The development of intraoperative monitoring
techniques to predict venous circulation impairment
will improve the treatment outcome in patients with
bridging vessels. Further research for predicting impairment of venous circulation will be essential.
REFERENCES
1. Konno Y, Oinuma M, Sato S, et al. Contralateral transfalcial
approach for arteriovenous malformations located adjacent to the
interhemispheric fissure. Surg Cerebral Stroke 2001;29:321–327
2. Sugita K, Kobayashi S, Yokoo A. Preservation of large veins during
brain retraction: technical note. J Neurosurg 1982;57:856–858
3. Kyoshima K, Oikawa S, Kobayashi S. Preservation of large bridging
veins of the cranial base: technical note. Neurosurgery 2001;48:
447–449
4. Kanno T, Kasama A, Shoda M, et al. Intraoperative monitoring on
the occlusion of the venous system. Neurosurgeons 1992; 11:
51–59 (Jpn)
5. Nakase H, Kempski OS, Heimann A, Takeshima T, Tintera J.
Microcirculation after cerebral venous occlusions as assessed by
laser Doppler scanning. J Neurosurg 1997;87:307–314

Comments
In this case report Matsumoto et al presented the temporary division of the cortical vein during the approach to a
large falx meningioma with subsequent reanastomosis

with 10–0 nylon. They demonstrated patency afterward
and no complications. This problem may be encountered in patients with tumors involving the falx and
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the parasagittal area. In many patients, it may be possible to avoid the division of the vein by dissecting it further along the vein and the superior sagittal sinus before
its drainage and also additionally by approaching the
tumor by a slightly angled trajectory away from the vein.
In certain patients, however, damage to the vein may be
unavoidable and, in such cases, the division and reconstruction of the cortical vein may be considered. I have
performed this type of division and reanastomosis in several patients.1 As the authors mentioned in this case
report, the principal technical difficulty here may be the
shrinkage of the vein during surgery such that anastomosis without tension is not possible. In such cases, the
interposition of a short venous graft extracted either
from the saphenous vein or preferably from one of the
antebrachial veins would be indicated.2 Even so, maintaining the patency of arterial anastomosis and intravenous heparinization and/or the use of antiplatelet
agents would be recommended. In the future, it may be
possible to treat the venous endothelium with antiplatelet agents such that they do not sustain damage
and create a thrombosis when exposed to reflow.
The other concern here is lack of venous flow from
the brain during the time that the vein is temporarily
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occluded, which may result in engorgement of the brain
and hemorrhage. In this chapter, the authors did notice
slight swelling and petechiae in the brain. The tolerance
of the brain to such venous temporary occlusion is not
known in an individual patient. It may be possible to
design a shunt system or even a simple drainage system,
which allows the blood to drain away from the brain
through the tube, although such a system does not exist
at the moment.
Matsumoto et al are to be congratulated for their innovative approach to a difficult case, which had a good
postoperative result.
Laligam N. Sekhar and Dinko Stimac

REFERENCES TO COMMENTS
1. Sekhar LN, Chanda A, Morita A. The preservation and reconstruction of cerebral veins and sinuses. J Clin Neurosci 2002;9:
391–399
2. Morita A, Sekhar LN. Reconstruction of the vein of Labbé by using
a short saphenous vein bypass graft: technical note. J Neurosurg
1998;89:671–675
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Meningioma of the Petrous and
Clival Region
HEE-WON JUNG AND CHAE-YONG KIM

Diagnosis Petroclival meningioma
Problems and Tactics A large petroclival tumor compressed the brain
stem and resulted in multiple cranial nerve palsies and cerebellar dysfunction in a young, otherwise healthy woman. To achieve maximal cytoreduction
and to prevent postoperative neurological deterioration, surgical resection
using a combined skull base approach was undergone.
Keywords Petroclival meningioma, transtentorial approach, retrolabyrinthine
transsigmoid approach

Clinical Presentation
A 36-year-old woman presented with a 1-year history of
tinnitus and a 5-month history of unsteady gait. Neurological examination revealed hypesthesia of the left
trigeminal nerve, nystagmus, lower cranial dysfunction,
cerebellar dysfunction, and left lower extremity weakness.
Magnetic resonance imaging (MRI) showed a 5  5  4.5
cm mass in the left petroclival region that markedly compressed the brain stem and cerebellum (Fig. 48-1A,B).

Surgical Technique
The patient was positioned supine with the head turned
parallel to the floor, inclined slightly downward to minimize torsion to the contralateral jugular vein, and fixed
to the operating table with the Mayfield head holder.
Spinal drainage, which would aid exposure and be crucial
in preventing postoperative cerebrospinal fluid (CSF) leakage, was prepared. The retroauricular C-shaped incision
was used in a gentle curving fashion around the ear to
expose the lateral temporal bone, external auditory meatus, and mastoid and suboccipital region. A subtemporal
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and suboccipital craniotomy was performed in one piece
to expose the transverse and sigmoid sinuses (TS and SS)
simultaneously. The otologist performed the approach
through the temporal bone. A high-speed drill system was
used for the mastoidectomy portion of the procedure. To
preserve hearing and according to anatomic extension of
the mass (Fig. 48-1A,B) a retrolabyrinthine approach was
performed. The posterior and superior semicircular
canals were skeletonized by drilling as far anteriorly as
possible, both above and below the otic capsule, to
expose as much dura as possible. The bone was removed
over the superior petrosal sinus (SPS) and the SS. As a result, an intraoperative view showed the exposed SPS, SS,
and jugular bulb with the dura intact. The endolymphatic
sac and duct were preserved. Monitoring of electroencephalography, somatosensory evoked potentials, and
facial and other cranial nerves was undertaken.
The dura was incised over the temporal lobe at the
anterior limit of the craniotomy (Fig. 48-2A). The incision was extended posteriorly to at least 1 cm below
where the SPS enters the SS. Care should be exercised to
avoid injuring a low-lying vein of Labbé that is attached
to the temporal dura or tentorium. After coagulation of
the SPS the tentorial margin adherent to it was transected
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FIGURE 48–1 (A,B) Preoperative magnetic resonance images show a well-enhanced solid mass (5  5  4.5 cm) in
the left petroclival region compressing the brain stem. The
mass is a mainly Zone II lesion according to Aziz’s classifica-

tion because it does not extend to the dorsum sellae and
does not invade the wall of the cavernous sinus or the sinus
itself. There is no definite hydrocephalus or other abnormal
findings.

anteriorly toward the petrous apex. The tentorium was
also transected in a lateromedial direction fashioning a
triangularly shaped tentorial flap with its curved base
medially toward the incisura and its apex laterally
toward the petrous ridge (Fig. 48-2A). In the edge of the
incisura the fourth cranial nerve was verified. To ligate

the SS, test clamping using a Yasargil temporary clip was
done for 80 minutes. There was no evident brain
swelling, and the ligation of the SS was then done
(Fig. 48-2A). The temporal lobe and the cut tentorium
were protected by retractors that allowed the base of the
temporal lobe to be elevated without stretching the vein

A

FIGURE 48–2 Intraoperative photographs. (A) Retrolabyrinthine petrosectomy is completed and the sigmoid sinus is ligated (arrowheads) after test clamping for 80 minutes. The middle fossa dura (*) is reflected and the vein of
Labbé (arrow) is preserved. The tentorium is being cut and
the main mass compressing the cerebellum and brain stem
appears. (B) After gross-total removal of the mass, the wellpreserved structures, basilar artery, fourth cranial nerve,

B

seventh–eighth cranial nerve complex, posterior communicating artery (#), and optic nerve are presented. The origin
of the tumor (arrows) is coagulated. BA, basilar artery; cbll,
cerebellum; LCN, lower cranial nerves; ON, optic nerve; SS,
sigmoid sinus; T, temporal lobe; VOL, vein of Labbé, 4th,
trochlear nerve; 7–8th, facial and vestibulocochlear nerve
complex; *, middle fossa dura; #, posterior communicating
artery.
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of Labbé. This maneuver with retraction of the cerebellum exposed the main mass. The mass extended to the
tentorium and displaced the lower cranial nerves. Internal debulking using a surgical aspirator was done easily
and dissection between the mass and brain stem was
done uneventfully. Ipsilateral fourth, sixth, and
seventh–eighth nerve complex and the lower cranial
nerves were verified and separated successfully. The
basilar artery, posterior cerebral artery, ipsilateral posterior communicating artery, and optic nerve were also
identified and preserved (Fig. 48-2B). Gross-total
removal was done successfully and meticulous bleeding

A

C

control and irrigation were done. The temporal and
occipital dura was reapproximated and artificial dura
was used for the small defect. Abdominal adipose tissue,
temporalis muscle, and fibrin glue were used to obliterate the temporal bone defect. The skin was closed layer
by layer and spinal drainage of CSF was done for 5 days.

Outcome
Aspiration pneumonia and wound infection occurred
postoperatively; however, after active medical treatment

B

FIGURE 48–3 (A) Eight-month postoperative photograph of
patient. Facial nerve palsy and other focal neurological deficits
are not found and hearing of the operative site is preserved.
The overall KPS score was 90 at that time. (B,C) Postoperative
(29 months) follow-up magnetic resonance images show there
is no residual mass in the petroclival area and no evidence of
recurrence. The sagittal image (C) reveals that the brain stem
is adequately reexpanded, although dead space remains.
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and rehabilitation the patient recovered well, and
8 months after operation the Karnofski performance
scale (KPS) score was 90 (Fig. 48-3A). During 29 months
postoperative she was stable and follow-up MRI showed
no residual or recurrent mass and adequate brain stem
reexpansion (Fig. 48-3B,C).

Key Points
The surgical approach to pathological processes located
at the petroclival region is hindered by its deep location and its proximity to vital neurovascular structures. Petroclival meningiomas remain the most challenging and formidable meningiomas to treat. The
goal of meningioma surgery is total removal with no
surgical morbidity. This goal can be accomplished
regularly for meningiomas of the convexity, but it remains a challenge for petroclival ones. The primary
goal, therefore, is brain stem decompression to
restore clinical function with either total or subtotal
excision.

Selection of Approach
The combined supra- and infratentorial (transtentorial)
approach has the advantages of minimal cerebellar
retraction and positive facial nerve identification, and
offers better visualization of the dissection plane between brain stem and tumor.1–5 Spetzler et al divided
this approach into three variations: retrolabyrinthine,
translabyrinthine, and transcochlear techniques.5 The
indication for a particular variation of the petrosal
approach depends on the function of the seventh and
eighth cranial nerves, the amount of temporal bone that
must be removed for adequate exposure, and the
amount of brain stem compression present.4 In this case
the mass did not extend to the dorsum sellae or foramen
magnum and did not infiltrate Meckel’s cave, the lateral
wall of the cavernous sinus, or the cavernous sinus
proper; therefore, it was a Zone II lesion according to
Aziz’s classification.2 On the basis of this anatomic location and extension of tumor, as well as for preservation
of the seventh and eighth cranial nerve functions, the
retrolabyrinthine approach was chosen combined with
the transtentorial approach.2,4,5 For additional access
to this large tumor the ligation of the SS was planned
preoperatively.

Ligation of the Sigmoid Sinus
Sacrifice of the SS does permit further elevation of the
temporal lobe than is otherwise possible without
stretching the vein of Labbé, although indication of

FIGURE 48–4 Venous phase of the left internal carotid
arteriogram shows that the confluence is intact and the
majority of venous flow from the superior sagittal sinus
drains into the right-side transverse sinus and sigmois
sinus. The flow of the left-side vein of Labbé also drains
into the contralateral sinuses through retrograde flow of the
ipsilateral transverse sinus. Tumor staining of the hypervascular mass is presented in the left petroclival region;
however, the sigmoid sinus and jugular vein on the same
side are not visualized.

ligation and resection of the TS or SS is controversial.
Preoperative evaluation of the size of the sinuses, the
patency of the confluence and contralateral sinus, and
the dominancy of drainage of the superior sagittal
sinus using venography or MR venography is mandatory (Fig. 48-4). The SS can be sacrificed if it can be
angiographically verified that the superior sagittal
sinus represents the major drainage to the contralateral SS and that the confluence of this sinus is patent.
During surgery the test clamping is a very important
procedure and more than 30 minutes up to 80 minutes of sinus ligation have to be done. Intraoperative
brain swelling or intravascular pressure or both should
then be checked before ligation. In this case the ligation of the SS was done because the majority of flow
from the superior sagittal sinus drained into the rightside TS and SS in preoperative angiography (Fig. 48-4)
and in intraoperative test clamping for 80 minutes
there was no evidence of brain swelling. No complication that was related to the ligation of the SS was
detected postoperatively.
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Prevention of CSF leakage
At closure, the temporal and occipital dura is reapproximated. Abdominal adipose tissue, temporalis muscle,
and fibrin glue should be used meticulously to obliterate
the temporal bone resection of the exposure.3,4 Temporary 3- to 5-day lumbar drainage is recommended to
control leakage of CSF.

Strategy and Philosophy
The optimal strategy for managing petroclival meningiomas is still unclear. The goal of surgical resection
should be to avoid permanent neurological dysfunction
while maximizing tumor removal; therefore, state-ofthe-art resection of petroclival meningiomas should be
simultaneously aggressive and judicious. For some situations brain stem decompression after subtotal resection

is the most appropriate course of action. The patient’s
quality of life is much more important than the neurosurgeon’s surgical glory.
REFERENCES
1. Al-Mefty O, Fox JL, Smith RR. Petrosal approach for petroclival
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2. Aziz KMA, Sanan A, Loveren HR, et al. Petroclival meningiomas:
predictive parameters for transpetrosal approaches. Neurosurgery
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Comments
The senior author usually uses the partial labyrinthectomy petrous apicectomy transpetrosal approach to approach and excise the lesion without dividing the SS.
This approach preserves hearing more space anterior to
the SS, and moves the surgeon further anterior to the
vein of Labbé, thereby avoiding its damage.
The division of the nondominant, well-collateralized SS
is acceptable. The senior author uses temporary occlusion
of the sinus with monitoring of intrasinus pressure, brain
swelling, and evoked potentials for 5 minutes (in much
shorter time than the authors have) before dividing the
sinus. At the end of the operation, the sinus is reanasto-

mosed if possible, although patency is not always achieved.
It may be a better long-term situation for the patient.
The preoperative T2-weighted images are important
for determining whether there is brain stem edema. If
the pia mater is involved by the tumor, it is better to
leave a small portion adhered to the brain stem to avoid
permanent neurological deficit.
In a young patient such as this 36-year-old, we would
treat the residual tumor inside the cavernous sinus with
radiosurgery as an effort to prevent regrowth.
Laligam N. Sekhar and Dinko Stimac
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Radical Total Resection of a Giant
Petroclival Meningioma
TAKANORI FUKUSHIMA, TETSURO SAMESHIMA, KOJI TAKASAKI,
AND MASAYUKI ATSUCHI

Diagnosis Bilateral megasize petroclival meningioma
Problems and Tactics An extremely large petroclival meningioma originating from the left side and extending to the bilateral skull base area was
detected on magnetic resonance imaging (MRI) due to progressing symptoms
of quadriparesis and ataxia. Because of the huge size of the mass with severe
compression to the brain stem in an otherwise healthy young man, urgent
surgical intervention was indicated. There was no indication for any type of
radiation therapy. This case demonstrates one of the largest petroclival meningiomas in the author’s personal series of 240 cases during the past 20 years.
The tumor was engulfing the bilateral intradural carotid arteries and multiple
bilateral cranial nerves, and also involved the bilateral cavernous sinus.
Keywords Skull base meningioma, petroclival tumor, cavernous sinus,
cranial nerves

Clinical Presentation
The patient was a 22-year-old man who had just graduated from a university and was looking for a job when he
gradually noted mental slowness, headache, bilateral
blurry vision, dysarthria, progressing quadriparesis, and
ataxia. These symptoms were gradually becoming prominent and severe during the 6-month period preceding
the patient’s visit to the Atsuchi Neurosurgical Clinic for
neurological evaluation. The examination revealed significant ataxia, imbalance, moderate quadriparesis, and
dysarthria. Subsequent enhanced magnetic resonance
imaging (MRI) revealed a giant-size petroclival meningioma extending bilaterally and also elevating the brain
base and compressing the brain stem (Fig. 49-1A-C).
Because of the progressing ataxia, quadriparesis, and
blurry vision, urgent neurosurgical management was
indicated. This patient’s general physical condition was

otherwise normal without any pulmonary, abdominal, or
cardiovascular diseases.

Surgical Technique
We considered three operative approaches to this tumor;
namely, a left frontotemporal transcavernous approach,1
an extended middle fossa anterior petrosectomy approach,2 and a combined transpetrosal approach.3,4
Because of the patient’s bilateral blurry vision, We made
it a priority to separate and decompress the bilateral optic nerve and chiasm; therefore, the left orbitocranial
and frontotemporal transcavernous approach was selected for the initial surgical approach. The first surgical
intervention was performed on December 18, 2000. The
patient was placed in a supine position with the head
supported with a three-pin skull clamp. The head was
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FIGURE 49–1 (A–C) Preoperative enhanced magnetic resonance imaging (MRI) of the megasize bilateral petroclival
meningioma. (D–F) Final postoperative enhanced MRI

showing radical total resection of this extensive skull base
meningioma.
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rotated to the right 45 degrees and moderately hyperextended to provide easy access to the clinoidal and optic
nerve area. A standard left frontotemporal craniotomy
was performed. The extradural dissection was advanced
along the orbital roof, sphenoid ridge, and lateral orbital
wall. The orbitocranial skull base was shaved flat in a
maximum way using the Anspach power diamond drill
(Anspach Companies, Palm Beach Gardens, FL) with automatic irrigation system. The sphenoid ridge was drilled
totally away to expose the meningoorbital band, which
was incised 7 mm. The optic canal unroofing was performed with continuous irrigation, and the anterior clinoid process of the left side was then removed carefully
with 2-mm and 3-mm coarse diamond burrs. The superior orbital fissure was then exposed and We confirmed the
foramen rotundum. The standard pericavernous extradural temporopolar dissection6 was completed and
the entire epidural area was cleaned up for hemostasis.
The dura was then opened in a curvilinear fashion close
to the frontotemporal base. The frontal lobe was gradually
elevated with meticulous and careful aspiration of the
cerebrospinal fluid, and the transsylvvian exposure was
made toward the anterior clinoid, optic nerve, carotid,
and tentorial edge. At this point, the extremely large and
extensive meningioma was exposed; fortunately, the
meningioma was soft in consistency and the bleeding
from the tumor tissue was moderate and easily controlled
with bipolar cautery. This tumor was therefore gradually
elevated from the sphenoid ridge dura, sylvian vessels, and
frontotemporal brain base. We looked first at the optic
nerve and the carotid artery. With progressing hemostasis,
piecemeal resection, and debulking and coring of the
tumor mass, we exposed the left internal carotid artery
and the optic nerve. The meningioma tissue insinuating
around the posterior communicating artery, anterior
choroidal artery, and many carotid perforators fortunately
had mild adhesion. Piecemeal tumor resection was possible with a very meticulous and careful sharp dissection
technique and we could separate all tumor lobules from
the neurovascular structures. The tentorial edge was
cleaned up and separated from the tumor tissue and the
oculomotor nerve was exposed. In addition, posteriorly,
the fourth nerve was separated from the tumor tissue. The
tumor capsule was then separated from the middle cerebral arteries and from the anterior cerebral arteries.
We gradually advanced the resection toward the right
optic nerve and toward the right internal carotid artery.
The bilateral A1 vessels were sharply separated from the
tumor capsule, and piecemeal tumor removal was continued. After the bulk of the mass was removed, the
carotid fibrous ring was excised and the optic canal dura
was opened for the mobilization of the left optic nerve
and the chiasm. We used the space lateral to the carotid
between the oculomotor nerve and the medial corridor
between the optic nerve to make access to the brain
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stem. The oculomotor nerve was extremely compressed
and actually engulfed in the meningioma, but it could
be separated with the careful dissection technique. The
meningioma was gradually elevated from the oculomotor nerve and posterior communicating artery and
removed from the basilar artery trunk. The tumor resection was advanced to the prepontine area and to the
clivus. The tumor tissue, which was adherent to the middle and lower protions of the clivus, was intentionally
left to avoid damage to the abducens nerve and the anterior inferior cerebellar artery. As Figs. 49-2 and 49-3
illustrate, this anteromedial transcavernous approach
demonstrates excellent exposure of the majority of this
megasized meningioma because of the already enlarged
cisternal space due to the tumor expansion. Through
this exposure, we could reach the other side of the
carotid and toward the other side of the brain stem. After maximum resection, the operative area was carefully
irrigated and hemostasis was secured. The dura was
closed watertight, and the orbitocranial bone flap was
reconstructed with a microtitanium cranioplasty. The
scalp was closed in anatomic approximation. This surgery was completed in 8 hours with amazingly minimal
blood loss, and no blood transfusion was used.

Outcome
The patient tolerated this extensive skull base procedure
well and made a smooth recovery. The patient’s ataxia,
quadriparesis, dysarthria, and blurry vision improved dramatically and the patient recovered to a nearly normal
level in 3 weeks. The postoperative MRI demonstrated
that only a small portion of the tumor remained in the inferior cerebellopontine angle and at the right side of the
pterional area; therefore, after 6 months, we performed
the right far lateral transcondylar suboccipital approach to
remove the remaining inferior clival portion of the meningioma on May 14, 2001. We waited another year to perform the right frontotemporal craniotomy. The right pterional meningioma and small right clinoidal portion of
the residual meningioma were removed totally on May 11,
2002. The final postoperative MRI (Fig. 49-1D-F) demonstrated the radical total resection of this giant bilateral
petroclival meningioma with only a questionable small
enhancement in the left cavernous sinus remaining. We
carefully follow this segment, and if any intracavernous
regrowth is recognized, we would decide whether the intracavernous resection could be performed or the patient may choose gamma knife radiation therapy. During the past 20 years, the senior author (TF) has
performed 240 cases of petroclival meningioma resection, and this case illustrated the largest meningioma in
this region with radical total resection and with extremely gratifying results.
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Key Points
The difficulty of removing such skull base tumors as
meningiomas and acoustic neuromas is not the tumor
size, but the adhesion of the tumor capsule. Even with
small tumors, the severe fibrous adhesion to the neu-

FIGURE 49–2 Color illustration showing the right
transcavernous exposure to
the brain stem.

rovascular structures or to the brain stem will hamper
the total resection. Even with the giant size or megasize meningioma, if the adhesion of the capsule to the
neurovascular tissuses is mild or moderate, radical
total resection is possible with careful and meticulous
sharp dissection technique. The selection of surgical

FIGURE 49–3 Color illustration demonstrating
multiple triangular operative corridors to the cavernous sinus established by Dolenc and
Fukushima in 1986.
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approaches is also very important for the efficient and
easier access to the tumor, particularly to devascularize
the meningioma origin. In general, microsurgery of
the meningioma is characterized with four Ds: Devascularize; Detach the tumor origin or attachment; Debulk the tumor mass; and final capsule Dissection.
This case also illustrates the typical example of the
devascularization, detachment of the tumor base and
gradual coring and debulking, and final capsule dissection from the brain base and from the optic nerve,
and from the carotid perforators.
The advantage of the transcavernous approach is the
removal of the anterior clinoid process, opening of the
optic canal, and excision of the carotid fibrous ring,
which facilitate the carotid artery to be mobilized and
the optic nerve to be retracted safely. Figs. 49-2 and
49-3 illustrate that the frontotemporal transcavernous
approach provides wider exposure of the brain base and
brain stem. To perform the pericavernous approach and
transcavernous approach without morbidity, the understanding of the surgical entry corridors all around the
cavernous area (Fig. 49-3) is of cardinal importance, and
each skull base surgeon should recognize the cavernous
sinus triangles, which has been established by Dolenc and
Fukushima.5,6 Each surgeon should have sufficient knowledge of skull base anatomy and approaches and microtechniques as well as the principle of meningiomas
surgery (4 D’s). The teardrop side port suctions and
GK bipolar forceps are the key element of microsurgery,
and to avoid bipolar current leak and heat, we would not
recommend an irrigating bipolar system in skull base
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surgery. We would recommend using simply the plastic
instrument pocket filled ~30% with normal saline so the
bipolar tip is always wet every time the surgeon puts the
bipolar into the instrument pocket. An ultrasonic aspirator will help the efficient debulking procedure; however,
conventional microscissors and alligator tumor forceps
will work nearly the same as the ultrasonic aspirator. In
surgery of giant meningioma, the surgeon has to have
ample experience of clinical cases and precise anatomical knowledge of all cranial nerves and vascular structures, particularly that of the deviated or displaced
neurovascular relations to avoid operative complications
and to achieve satisfactory results.
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Comments
These authors have described the surgical management
of a huge petroclival meningioma. The tumor involved
the bilateral cavernous sinus and the anterior, middle,
and cranial fossae with enormous space-occupying effect.
In the first step, the majority of the lesion was removed
through a left frontotemporal transcavernous approach,
allowing decompression of the vital structures. After good
neurological recovery of the patient, small amounts of
residual tumor tissue were approached via a right-sided
far lateral transcondylar suboccipital and a right frontotemporal craniotomy. The final postoperative MRI
demonstrated a radical tumor resection very impressively.
We agree with the principle management of radical
surgical removal of biological benign lesions, especially
in young patients. As a first operation we would also
have chosen a left frontotemporal approach to allow

surgical resection along the length-axis of the lesion.
Debulking of the tumor mass and piecemeal removal of
the soft tumor tissue after devascularzation and deattachment of the matrix is a confirmed safe and timesaving
surgery. In such slowly growing tumors the surrounding
structures are usually elongated and offer large windows
between the neurovascular structures; in this case the
space of the removed tumor disposed free maneuverability for a sector-like, extended intracranial dissection
within the three cranial fossae. The good arachnoidal
sheath toward the surrounding neurovascular structures
allowed atraumatic capsule resection. The patient presentation described good recovery without postoperative cranial nerve palsies.
Axel Perneczky and R. Reisch
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50
A Large Petroclival Meningioma with a
Fibrous Capsule
TAKESHI KAWASE

Diagnosis Meningoliomatous meningioma in the petroclival region
Problems and Tactics A petroclival meningioma demonstrated an enhanced capsule on magnetic resonance imaging (MRI) and showed more
severe adhesion to the engulfed cerebral arteries than expected before
surgery. Subcapsular enucleation of the tumor was important to avoid significant surgical complications, and the surgeon has to know the signs from MRI.
Keywords Petroclival meningioma, surgical technique, tumor capsule,
adhesiveness

Clinical Presentation
This 35-year-old-female, a pediatric doctor, complained
of headache and left facial paresthesia. She had no cerebellar sign of long tract signs, nor other cranial nerve
deficit, except for the trigeminal nerve. Her hearing was
normal on both sides. Magnetic resonance imaging
(MRI) showed a left petroclival meningioma of 45 mm
in diameter (Fig. 50-1). The posterior margin was 20 mm
higher than the posterior clinoid process. The tumor
margin was smooth with a capsular enhancement between the brain stem. On T2 image a small, high-intensity
area was demonstrated in the cerebellopontine angle
(CPA), where a limited adhesion was suspected; however
we suspected that most of the tumor margin would be
dissectable except for the CPA because the patient symptoms were mild and the tumor margin was smooth.

Surgical Technique
The patient was operated on by the left anterior transpetrosal approach. She was placed in the supine-lateral
position. A left ventricular drainage tube was placed to
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reduce retraction on the temporal lobe. A left temporal
craniotomy was made above the external auditory meatus and root of the zygoma. The middle fossa dura was
dissected from the base, preserving the greater superficial
petrosal nerve (GSPN). The middle meningeal artery was
coagulated and cut, and the pyramisal apex was exposed.
The pyramidal apex was resected as much as possible
while preserving auditory structures. The superior petrosal sinus was ligated above the IAM and cut with the
tentorium. The posterior fossa side of the tentorium was
covered with meningioma, which was dissected from
each leaflet of the tentorium. On the posterior margin
of the tumor, the seventh and eighth cranial nerves were
comfirmed to be adherent to the consistent and fibrous
tumor capsule. The tentorial artery, a main tumor
feeder, was coagulated during tumor dissection from the
anterior leaflet of the tentorium. The trochlear nerve
and the superior cerebellar artery were engulfed and
adherent to the upper margin of the tumor.
The trigeminal nerve was atrophic and deviated inferomedially, which suggested the tumor capsule was
considerably adherent to the basilar system; it was
found that complete removal including the capsule
was impossible. Therefore, intracapsular tumor removal
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FIGURE 50–1 (A) A sagittal section of gadolinium-enhanced
magnetic resonance imaging (gd-MRI) showing a meningioma with a thick capsule (arrowheads) in the petroclival
region. The tumor extends superiorly, 20 mm higher than the

posterior clinoid process. (B) An MRI T2 image demonstrates
the tumor and compressed brain stem (arrowheads). The
basilar artery (arrow) attaches on the tumor, and perifocal
edema is seen in the cerebellopontine angle (open arrow).

was done, and a portion (a few millimeters thick) of
the capsule was not dissected from the brain stem
(Fig. 50-2). Confirmation of the thickness of the capsule was suspected from pulsation and bulging of the
capsule.

After gross removal of the tumor content, several
pieces of abdominal fat were coated on the drilled margin of the pyramidal apex with fibrin glue, and covered
with a temporal fascial for prevention of cerebrospinal
fluid leakage.

GTSPN

MMA

EA

Clivus

FO
V

VII. VIII

T
Tumor capsule
Tumor lumen
A

FIGURE 50–2 (A) The craniotomy site. The skin incision was
designed along the temporal line, preserving the temporal fascia
for closure. The lower rim of the craniotomy was created flush,
being closer to the external auditory meatus and root of the zygoma to decrease retraction on the temporal lobe. (B) Operative
view by the left anterior transpetrosal approach after enuclation

BA
PCA IV

B

of the tumor. All the cranial nerves and vessels were firmly adherent to the tumor capsule (arrowheads). The anterior leaflet of
the tentrium (T) was amputated with tumor attachment. BA,
basilar artery; T, tentorium; FO, foramen ovale, GSPN, greater
superficial petrosal nerve; MMA, middle meningeal artery, EA,
eminentia artery, PCA, posterior communicating artery.
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Key Points

FIGURE 50–3 Postoperative enhanced computed tomography shows disappearance of the tumor mass and the residual
tumor capsule (arrowheads). The organic bone is preserved
(star).

Outcome
The patient’s postoperative course was uneventful. She
had temporary double vision, which disappeared in a
week. Her hearing was preserved and she had no facial
palsy. Her walking returned to normal, and facial hypesthesia was her only symptom at discharge 2 weeks later.
Postoperative computed tomography showed sufficient
release of the brain stem compression, and a residual
tumor capsule was demonstrated on the brain stem
(Fig. 50-3).

In our series of 80 petroclival meningiomas, the only
tumor covered with a thick fibrous capsule was that in
the present case. In the current reports,1,2 tumor adhesiveness is discussed by the presence or absence of the
arachnoid layer, being demonstrated in perifocal edema
on MRI T2 images. It must be noted that the presence of
the fibrous capsule might cause considerable adhesion
to the vascular and neural strictures as well. Intracapsular tumor removal could be the best way to spare surgical complications. During tumor removal, retraction of
the tumor toward its base (anteriorly) could decrease
the pressure of overstretched vessels, cranial nerves, and
brain stem, and was very important to spare injury of
those important structures. Detachment of tumor feeders followed by internal decompression and anterior retraction of the tumor could be achieved only by the anterior transpetrosal approach.
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Comments
Petroclival meningiomas are among the more complex
neurosurgical problems. The success of the outcome
in the presented case is a testimony to both the technical competence and the philosophical evaluation by
Dr. Kawase. The reported case of petroclival meningioma was operated upon by the classical anterior petrosal approach as popularized by Dr. Kawase.
The approach selection in cases of petroclival meningiomas depends on various factors, apart from expertise
in one particular approach and personal preferences.
The subtemporal approach is suitable for a select group
of cases.1 Tumors extending into the cavernous sinus,
tentorium-based tumors with high clival extensions up
to the dorsum sellae or beyond, and relatively small
tumors located toward the midline are more suitable for
such an approach. An additional advantage of an anterior
transpetrosal approach is that the vascular attachment of
the tumor can be handled early in the operation. The
possibility of expansion of the exposure by appropriate

drilling of the petrous bone provides versatility to the
approach.2 Tumors extending lower than the pontomedullary junction and laterally beyond the internal
auditory canal could be more suitable for an alternative
petrosal or a retrosigmoid approach. The retrosigmoid
approach is much easier and more comfortable for the
surgeon when the operation is performed with the
patient in a sitting position. The approach selection is the
most crucial part of the entire decision-making process
and will depend on a wide range of variables and has to
be evaluated on a case by case basis.
Because there is no major cerebrospinal fluid (CSF) cistern underneath the temporal lobe, brain relaxation can
be achieved by spinal lumbar CSF drainage, a procedure I
find much easier and safer than ventricular CSF drainage.
A relaxed brain is also important for the safety of the vein
of Labbé. The petrous apex is located in the direction of
the external ear canal. Exposure in such a case should
be centered on the external ear canal. We labeled such
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an exposure as a lateral basal subtemporal approach.3
Further basal expansion of the subtemporal approach
can be achieved by resection or en bloc removal of the
roots of the zygomatic arch incorporating the roof of the
condyle of the temporomandibular joint and the roof of
the external ear canal. Partial or radical mastoidectomy
can further expand the posterior aspect of the basal
exposure. Such an added expansion can provide critically important basal exposure and provide additional
space for manipulation of the instruments. The entire
temporalis muscle and its fascial layers can be displaced
anteriorly and whenever necessary can be used for basal
reconstruction.4,5
The surgeon needs to identify and work in the subarachnoid plain throughout the operation. The tumor
should be debulked widely and not in a narrow corridor.
Detachment of the tumor from basal vascular attachment early in the operation is crucial. Space for such a
basal detachment can be obtained by simultaneous
tumor debulking. Safety of the perforators arising from
the major vessels of the posterior circulation is the most
crucial part of the operation. Any damage to a perforator
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can be disastrous for the ultimate outcome. The sixth
cranial nerve is in danger in the medial aspect and
the seventh–eighth cranial nerve complex is in danger
in the lateral aspect of the tumor during the surgical
resection of the tumor and these need to be carefully
preserved.
A. Goel
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Large Meningioma of the Jugular Tubercle
and Foramen Magnum
HELMUT BERTALANFFY

Diagnosis Lateral foramen magnum meningioma with severe brain stem
compression
Problems and Tactics A large meningioma originating from the right
jugular tubercle and anterolateral foramen magnum region has caused a
severe compression and displacement of the lower brain stem. Considering
the location of the tumor and the fact that the intradural vertebral artery (VA)
and the caudal cranial nerves were encased by the tumor, a special surgical
procedure using the so-called transcondylar approach was designed to
allow for safe tumor removal and brain stem decompression with preservation of all caudal cranial nerves and arterial branches of the vertebral artery.
Keywords Foramen magnum, jugular tubercle, meningioma, transcondylar
approach

Clinical Presentation
This 57-year-old female suffered for years from nuchal
pain. During the months before surgery she complained
of progressive gait disturbance. Neurological examination revealed a moderate gait ataxia but no focal deficits.
Computed tomographic (CT) scan and magnetic resonance imaging (MRI) revealed a large right-sided anterolateral meningioma. The lower brain stem was maximally
compressed at the level of the foramen magnum where
the tumor occupied more than 90% of the available
space (Fig. 51-1).

Surgical Technique
The procedure was performed under general anesthesia
with the patient placed in the left lateral position. The
head was flexed and rotated to the right side (Fig. 51-1).
Continuous monitoring of somatosensory and auditory
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evoked potentials was applied during surgery. After a
slightly curvilinear retroauricular skin incision, the right
dorsolateral craniospinal region was exposed including the
condylar fossa, the lateral atlantal arch up to the midline,
and the horizontal portion of the vertebral artery, which extended posteriorly beyond the level of the C1 arch. A lateral
suboccipital craniotomy extending to the distal sigmoid sinus and a C1 hemilaminectomy were perfomed and the
dorsolateral rim of the foramen magnum was gradually
drilled away paying great care to the underlying brain stem
and spinal cord. To reach the anterolateral rim of the foramen magnum near the level of the hypoglossal canal, the
medial portions of the lateral atlantal mass and of the occipital condyle were drilled away together with the dorsal portion of the jugular tubercle. This area corresponded to the
main region of dural attachment of the meningioma. The
entrance point of the vertebral artery into the dura mater
was completely dissected free not only medially but also laterally, to allow for a sufficiently lateral viewing direction. A
diamond burr was used for drilling, and this step of the pro-
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FIGURE 51–1 (A) Axial, (B) coronal, and (C) sagittal magnetic resonance imaging and (D) computed tomographic scan at the
level of the foramen magnum obtained before surgery. (E) Skin incision and (F) positioning of the patient during surgery.
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FIGURE 51–2 (A) Illustration showing the dural exposure of the right
dorsolateral craniospinal region; after craniotomy and C1 hemilaminectomy, a partial resection of the jugular tubercle, the occipital condyle,
and the lateral atlantal mass have been performed. (B) Intraoperative
photograph showing the same exposure. (C) The intradural site after
tumor removal.

cedure was undertaken with great care for the medial portion of the jugular bulb and vertebral artery (Fig. 51-2).
The dura was opened medial to the vertebral artery close
to the dural ring, reflected laterally together with the artery
itself, and fixed with temporary sutures. Direct access to a
highly vascularized meningioma and particularly to the
dural attachment of this tumor became available.
At the beginning of the intradural stage, the tumor was
successively coagulated at its dural insertion to devascularize the lesion gradually. For this purpose, a gentle elevation of the cerebellum after arachnoid dissection was sufficient. The brain stem itself could not be visualized at this
stage; however, the upper cervical cord was identified caudal to the tumor. Those portions of the tumor that were
separated from the arterial supply were gradually incised
with microscissors and removed. This allowed for exposure of the proximal intradural portion of the vertebral
artery, of the rootlets of the hypoglossal and first cervical

nerves, and of arterial branches of the vertebral and posterior inferior cerebellar arteries. The arachnoid membrane
and the first dentate ligament were divided sharply. Devascularization and mass reduction of the tumor were perfomed alternately in several steps, followed by the dissection of cranial nerves IX, X, and XI. The remaining tumor
portions were separated from the medulla, avoiding any
significant manipulation of the brain stem. The dura
mater that corresponded to the site of tumor insertion was
coagulated extensively and only portions of the dura
around the VA were resected. Bipolar coagulation around
the hypoglossal canal and the pars nervosa of the jugular
foramen was performed with low current intensity to avoid
injury to these sensitive structures. Thus gross-total tumor
removal was achieved (Fig. 51-2). A watertight dural closure was obtained with the aid of muscle fascia and fibrin
glue. During the entire procedure, no significant changes
of evoked potentials were observed.
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Outcome
There were no additional neurological deficits following
the procedure, and the patient was mobilized on the second postoperative day. She complained of slight nuchal
pain, which gradually resolved. There were no complications, particularly no cerebrospinal fluid leakage or
craniospinal instability. Postoperative computed tomography (CT) scan and magnetic resonance imaging (MRI)
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showed the amount of bony resection and total tumor
removal, respectively; the cosmetic result was satisfactory
as well (Fig. 51-3).

Key Points
For at least three reasons, this was considered a complex
tumor case: (1) the relatively large size of this meningioma

FIGURE 51–3 (A) Postoperative computed tomographic scan and (B)
sagittal magnetic resonance imaging scan showing the resection of the
medial rim of the foramen magnum and total tumor removal. (C) Postoperative photograph showing a satisfactory cosmetic result.
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implied a high surgical risk of manipulation damage to
the brain stem, (2) the intradural VA and the lower cranial nerves were involved by the tumor, and (3) the
broad-based tumor insertion to the dura extended from
the midline to the distal sigmoid sinus in the axial plane
and from the upper cervical canal to the lower clivus
beyond the jugular tubercle in the sagittal plane.

Positioning of the Patient
Although the procedure was scheduled to be performed
with the patient placed in the sitting position, which
reduces the venous congestion to a minimum,1 the risk of
paradoxical air embolism was considered too high
because a preoperative cardiac echogram revealed a persistent foramen ovale. The lateral position was therefore
chosen. To test the tolerance of head flexion and rotation
during the procedure, somatosensory evoked potentials
were obtained on the day before surgery with the patient’s
head maximally flexed and rotated to the right side. This
head position was tolerated well, and no changes of potentials were observed for 10 minutes during this test.

Surgical Approach and Exposure
According to the classification of George and Lot this was
a lateral foramen magnum meningioma.2 Although a dorsal midline approach may have exposed this tumor as
well,3 the medial access route would not have allowed for
an early devascularization of the dural attachment of the
tumor, particularly in the region of the jugular tubercle
and lower clivus. The complete extradural exposure of
the horizontal portion of the VA and the bony resection
lateral to the dural entrance of this artery enabled the surgeon to initially manipulate far away from the compressed
brain stem. Although this required drilling of the lateral
atlantal mass and occipital condyle as well as the medial
opening of the atlantooccipital joint, such a partial bony
resection does not impair the function of this joint. Due
to the necessity of drilling within the occipital condyle
and jugular tubercle, this access route has been termed
the transcondyle or transcondylar approach.4,5 The advantages of this dorsolateral approach in the present case are
obvious: the involved dura mater could be exposed from
extradurally and a certain amount of the pathological

vascular supply could be interrupted even before opening
the dura; identification of the proximal intradural VA, being encased by the tumor, was significantly less dangerous
because the artery could be dissected free by resecting the
tumor beginning from the dural ring of the VA. Moreover,
the entire resection of the lateral rim of the foramen magnum and the partial drilling of the jugular tubercle enabled the surgeon better to deal with the tumor masses
around the jugular foramen where the rootlets of cranial
nerves IX–XI exit the intradural space, and around the
entrance to the hypoglossal canal.

Technique of Tumor Removal
Two key points were considered of paramount importance: maintaining a bloodless surgical field so all
anatomical details could be recognized during the procedure,1 and gently mobilizing the tumor in a direction
opposite to the direction of tumor growth; namely, away
from the brain stem and toward the dural attachment.5
This latter step became possible by repeated bipolar cauterization while being careful to avoid overheating in
the vicinity of the lower cranial nerves. In the majority of
our previous patients and in the present case, the arachnoid membrane of the lower brain stem was preserved
and we clearly separated the tumor from the brain stem
and its pial vessels. By carefully transecting the arachnoid membrane and trabeculae, this tumor could be
removed without vascular injury at the surface of the
brain stem.
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Comments
This case of foramen magnum meningioma raises several
comments. First, despite its large size, this meningioma
induced minimal symptoms (nuchal pain and gait
disturbance). This is not surprising if one considers the
ratio of area of the medulla oblongata to area of the
subarachnoid space. At the upper part of the foramen

magnum this ratio is only 25%, which allows the development of a huge mass before compressing the neuraxis; however these minor symptoms make the surgical
challenge still more demanding; the surgical problems
must be properly evaluated and anticipated. There are
four main data to check preoperatively: the tumoral
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location in the horizontal plane, the tumor relation
with the vertebral artery (VA), the tumor relation with
the dura, and the extent of the tumor attachment to
the dura mater. The meningioma here reported is a lateral meningioma displacing the neuraxis laterally as
demonstrated on the midline MRI sagittal view on
which the neuraxis is not visible at the level of the midline. Therefore the neuraxis is retracted laterally, giving the surgeon a wide access to the tumor. An anterior
meningioma displacing the neuraxis posteriorly without lateral displacement would have been more difficult to reach. Regarding the VA, this meningioma
seems to be located above it. In this case, the lower cranial nerves can be displaced in any direction. On the
contrary, meningiomas located below the VA always
displace the cranial nerves superiorly. The nerves are
therefore always found on top of the tumor. Regarding
the dura, 5% of foramen magnum meningiomas have
an extradural extension, which raises particular problems. Finally, the smaller the area of insertion, the easier the surgical resection. In this case this area is wide
and close to the dural penetration of the VA. Much
work has to be done before achieving complete devascularization and the possibility of mobilizing the tumor.
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To solve the aforementioned problems, a lateral
approach to the foramen magnum must be used. This
includes exposure of the VA above the arch of the atlas
and extensive drilling of the jugular tubercle. A surprisingly large amount of bone can be resected at this level
without compromising the stability of the craniocervical
junction (CCJ). Very limited drilling of the occipital
condyle is necessary and nothing of the lateral mass has
to be removed. The patient postion and the skin incision are just a question of habit and comfort of the
surgeon as long as a lateral exposure of the foramen
magnum is obtained without destroying the intact joints
of the CCJ. To release the tension on the neuraxis, the
first arch of the denticulate ligament and the first cervical nerve root are cut. The lower cranial nerves must
then be identified as soon as possible to ensure their
preservation. What follows is just microsurgical resection of a tumor.
Following such principles, a big tumor in a challenging area like the one reported here can be removed
with excellent results. This is nicely demonstrated in
H. Bertalanffy’s report.
B. George
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52
Surgical Removal of a Giant Meningeal
Hemangiopericytoma
ALEXANDER KONOVALOV, ANDREI LUBNIN, VADIM SHIMANSKY, SERGEY
ARUSTAMYAN, IGOR PRONIN, AND VERONIKA GROMOVA

Diagnosis Giant meningeal hemangiopericytoma
Problems and Tactics Meningeal hemangiopericytomas are rare malignant neoplasms arising from perivascular pericytes. Because hemangiopericytomas have a tendency to disseminate and locally recur, they have to be
removed with follow-up irradiation 60 gr1–3. These tumors can be intensively
vascularized, and their removal may present a serious problem, as illustrated by this case.
Keywords Meningeal hemangiopericytoma, tumor embolization, blood-saving
technique

Clinical Presentation
A 16-year-old girl was admitted to the Moscow Burdenko
Neurosurgery Institute. For 7 years she had suffered from
headaches, which became severe in the 3 months prior to
her admission. The examination revealed signs of intracranial hypertension, edema, and partial atrophy of the
optic nerves, decreased visual acuity in the right eye (0.6),
left-side hemianopsia, instability, and gate ataxia.
Computed tomography (CT) revealed a giant tumor
of the right temporal parietooccipital region (96  80 
94 mm). The tumor was hyperdense with multiple small
hypodense regions and actively enhanced after contrast
administration. There were marked parietal bone deformation and erosion above the tumor.
Magnetic resonance imaging (MRI) (T2-regime) visualized a large number of pathological vessels and a large
amount of microcysts. Ventricles were compressed and
displaced by the tumor. The tumor penetrated into the
tentorium and displaced the cerebellum hemisphere
and the fourth ventricle.
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On diffusion-weighted images the tumor had a
hypointensive signal in comparison with a gray matter
signal. The apparent diffusion coefficient (ADC) map
(Fig. 52-1F) showed high ADC values from the solid part
of the tumor.1 H-spectroscopy revealed increased N-acetyl
aspartate (NAA), decreased creatine (CR), increased
Chodin (Cho), and myo-inositol (mI) peaks. The lactate
(Lac) peak was also found. This type of spectra and ADC
values may correspond to atypical meningioma.
Selective angiography showed rich vascularization of
the tumor, which was fed from the right posterior cerebral
artery, both occipital arteries, the right middle meningeal,
medial posterior auricular, and ascending pharyngeal
arteries.
In addition, the tumor was supplied by branches of
the right internal carotid artery: meningo-hypophyseal
trunk and middle cerebral artery. The right sinus transversus was not visualized.
The aforementioned investigations suggested a
meningeal hemangiopericytoma of a supra- and subtemporal localization.
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FIGURE 52–1 Axial computed tomography before surgery (A)
without and (B) with contrast medium. (C) Coronal view
shows bone erosion by the tumor. (D) Coronal and (E) axial
T2-weighted magnetic resonance imaging scans revealing a

huge mass with neoplastic vessels. (F) Apparent diffusion
coefficient (ADC) map shows the higher level of diffusion in
the tumor compared with brain tissue.

Surgical Technique

trepination in the right parietotemporal region was
performed. The dura was opened with horseshoe-shaped
incision and additional radial incisions. Under a thin
layer of the brain the tumor surface was explored. The tumor occupied the main part of the middle fossa and
deeply penetrated the temporal and parietal lobes. It infiltrated the tentorium, penetrating the posterior fossa.
The tumor infiltrated the walls of the sigmoid and transverse sinuses. The yellow tumor tissue was very hard and
to remove it we had to cut the tumor into pieces with a
knife and scissors. Despite the previous embolization the
tumor removal was accompanied by profuse bleeding
from tumor vessels and brain vessels, which formed a rich
network on the tumor surface, and from the dural sinuses.
The main mass of the tumor was resected quickly, in
approximately half an hour, including the infiltrated tentorium, basal dura, transverse and sigmoid sinuses, and
infratentorial part of the tumor. A thorough hemostasis

To diminish tumor vascularization a tumor vessels
embolization with polyvinyl alcohol (PVA) particles
(500–1000 m m in diameter) was performed through
the right occipital, middle meningeal, and left occipital
arteries with a marked angiographic effect (Fig. 52-2).
Five days later the patient was taken to the operating
theater for tumor removal; however, during subclavian
vein catheterization with a Swan-Ganz introducer (8.5F),
a mediastinal hemorrhage occurred, and surgery was
postponed for 3 weeks. Control angiography revealed
revascularization of the tumor. Additional embolization
of the feeding vessels was fulfilled: the right occipital
artery was embolized by PVA microparticles and the
middle meningeal artery by enbucrilat (HistoacrilR).
Five days later the second embolization of the tumor
removal was undertaken. An extensive osteoplastic
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FIGURE 52–2 (A) Digital subtraction angiography demonstrating
increased vascularity in the area of the tumor, which had main
feeder vessels extending from the external carotid artery. (B)

After the first embolization tumor vascularization was reduced.
(C) Three weeks later control angiography shows tumor revascularization. (D) Additional embolization was performed.

was then secured by coagulation and clipping of vessels,
followed by tumor tamponade and suture of the dural
sinus walls. The dural defect was closed by aponeurosis.
To control parenchymatous hemorrhage Surgicell and
TahocombR were used.
To prevent devastating sequelae of bleeding before and
during surgery the following methods were used:

80% of erythrocytes, which were lost during surgery, was returned back to the patient.

Before surgery 600 mL of blood was taken from the
patient and retransfused during surgery.
At the beginning of surgery after anesthesia
induction, acute limited isovolemic hemodilution
was used with a temporal extraction of 2 L of blood.
Blood reinfusion by cell-saver (CATS-2.02, Fresenius,
Germany) was also used with the help of reinfusion

In addition, 3,5 L of fresh plasma and 650 donor
erythrocytes were transfused. All the aforementioned
measures permitted maintenance of blood pressure
at 80 to 90 mmHg throughout surgery, and we
completed the operation with hemoglobin on the level
of 9.9 g.%.
Without these preventive measures the patient could
hardly have survived, for the general blood loss volume
constituted 12 to 13 L (more than 2 estimating blood
volume) and bout 16 L of blood went through cell-saver.
It is also necessary to stress that 90% of the blood loss
occurred in 70 minutes, a relatively short period of time.
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Despite this dramatic surgery the patient endured it
practically without complications with minimal neurological deficit.
The histological structure of the tumor was typical for
meningeal hemangiopericytomas. The tumor tissue
contained a large amount of vascular cavities, the walls
of which were formed by densely lying tumor cells with
multiple mitotic figures. Some vessels were occluded by
artificial embolus near to which the tumor necrotic
zones were revealed. Local irradiation with a summarized (total) dose of 55 Gy was administered.

One may prognosticate an extensive blood loss during
surgery by the following criteria:

Outcome

In our case the patient showed the first three criteria. Based on the characteristic visualized signs of
hemangiopericytomas we suggested that it was
probably a giant tumor of this very histological nature.
The tumor was fed from branches of the external
carotid artery: the right posterior cerebral artery, the
occipital arteries, the right middle meningeal artery,
and the right posteroauricular and ascending pharyngeal arteries. To a lesser degree it was fed from the
internal carotid artery zone: meningohypophysial and
right middle cerebral arteries. We marked a close
tumor–venous collectors relationship.
Blood-sparing techniques used in this observation
can be divided into two groups: preoperative and intraoperative techniques. In the preoperative stage, to
diminish the tumor blood supply we had to embolize
the feeding vessels repeatedly. In our experience, it is
reasonable to remove the tumor in 5 days after embolization. Any delay may result in recanalization of
the vessels; it was visualized by repeated angiography.
Due to a high risk of an extensive blood loss during
surgery, blood taking and conservation were performed in the preoperative stage; unfortunately, the

The girl was practically normal and continued her
schooling successfully. MRI with enhancement 6
months after surgery revealed no tumor recurrence
(Fig. 52-3).

Key Points
Meningeal hemangiopericytomas are malignant
neoplasms arising from perivascular pericytes. They
are characterized by a high recurrence frequency. For
that reason, it is necessary to achieve a radical tumor
removal by incising all damaged tissues and primarily
meningeal brain structures. This procedure may in
turn cause extensive intraoperative bleeding from the
tumor stroma, feeding vessels, and incised venous sinuses. That is why surgery should be aimed primarily
at diminishing blood loss and maintaining normal
blood circulation. The only solution for this problem
is a complex one and depends on a neurosurgeon as
well as an anesthesiologist.

1. Large tumor volume, its histological structure, its
close location to main arterial and venous skull and
brain collectors
2. Active accumulation of the contrast substance
revealed by CT and MRI
3. An expressed tumor revascularization demonstrated by cerebral angiography
4. Initial homeostasis disturbances, mainly hypocoagulation disturbances

FIGURE 52–3 Magnetic resonance imaging
scans 6 months later reveal no local recurrences.
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serious drawback of autohemotransfusion is inability
to accumulate the considerable blood reserve. Hence,
it should not be regarded as the only technique. For us
it was necessary to have an additional allogenic blood
reserve in this case.
Our primary objective was to decrease intraoperative blood loss for patients with hemangiopericytomas.
This may be accomplished in a different way. In the
first place, it concerns the surgical technique. A large
tumor size, consistent (permanent?) intraoperative
uncontrolled bleeding from its stroma prompts a neurosurgeon to diminish the tumor tissue volume as
soon as possible. It can be done with an extensive
trephination only, by splitting the tumor into pieces.
In our case an extensive parietooccipital trephination
was performed; it took about half an hour to remove
the tumor by splitting it into pieces. In addition,
isovolemic hemodilution was performed in the early
intraoperative stage. It is this well-known bloodsparing technique that helps to avoid the transfusion
procedure in somatically healthy patients with a 2.5 L
blood loss.4

The other efficient technique in our case was apparatus reiunfusion of autoerythrocytes.5 It allowed us to
minimize erythrocyte donor transfusion (total, 655 mL)
on the one hand, and maintain satisfactory homeostasis,
on the other.
The goal of this presentation is to show how modern
techniques of tumor embolization and auto blood
retransfusion allow radical removal of a giant, highly
vascularized tumor (meningeal hemangiopericytoma).
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Comments
In this case, Dr. Konovalov and his colleagues present
various aspects of the challenges in dealing with giant
hemangiopericytomas. Their management requires
radical surgical resection. Radiation is added because
of the malignancy of this tumor and high recurrence.
As so well emphasized in the chapter, intraoperative
blood loss is a potentially life-threatening situation. The
authors emphasize several of the precautionary maneuvers that should be performed to prevent an
uncontrollable blood loss. This starts with the preoperative recognition that this is a hemangiopericytoma.
These tumors might appear to the nondiscriminate eye
as meningiomas. The authors are commended for
providing the various imaging modalities and providing
an outstanding example of these criteria. This preoperative recognition could be the most critical step,
particularly because today angiography is not used
routinely in many meningiomas. As these authors
indicate, upon realizing that one is dealing with a
hemangiopericytoma, preparation must be made for
diminishing blood loss by preoperative embolization
and by devising the operative technique with blood loss

replacement with the preparation of adequate blood
for transfusion. Although the cell saver is a fine source
for red blood cells, there has been hesitation to use it in
tumor surgery. We do prefer once we recognize a
hemangiopericytoma to make a surgical plan that
avoids entry into the tumor and instead circumscribes
the tumor until it is totally devascularized, delaying
taking any veins to the end, hence treating these almost
like giant arteriovenous malformations (AVMs). We also
like to emphasize that a large amount of transfusion
might stir coagulopathy, hence we believe in concomitant transfusion of a coagulation factor as a preventative
measure from transfusion coagulopathy because once it
is established multiple hemorrhagic foci in the brain
will take place with serious damage even if correction is
performed afterward.
The authors are to be congratulated for bringing this
challenging case to the attention of readers and pointing out the important key points in dealing with such
challenges.
Ossama Al-Mefty
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53
Approach to Lesions in and around the
Cavernous Sinus: A Formidable Challenge
PEDRO AUGUSTTO DE SANTANA JR. AND EVANDRO DE OLIVEIRA

Diagnosis Dermoid cyst in the cavernous sinus
Problems and Tactics Because of the complex anatomy of the cavernous
sinus, few neurosurgeons have dared to approach the lesions of this region
surgically. As a matter of fact, some tumors histologically benign have been
allowed to become a malignant problem for the patient.1 The understanding
of the bony and neurovascular contents of the “anatomical jewel box”2
permitted the development of modern skull base techniques, modifying the
surgical morbidity and mortality as well as the natural history of some
pathologies.
Keywords Cavernous sinus, “peeling” of the middle fossa, dermoid cyst,
surgical approach

Clinical Presentation
A 14-year-old boy was hospitalized in June 2002 with a
1-year history of progressive left hemicranial headache,
some episodes of nausea, light-headedness, and seizures.
Neurological examination showed trochlear paresis; V1,
V2 hypoesthesia; and corneal reflex abolition on the left
side. Computed tomographic (CT) scan demonstrated a
well-demarcated lesion in the left cavernous sinus topography, with nonhomogeneous low intensity with a high
intensity margin on T1-weighted magnetic resonance
imaging (MRI) and high intensity with a low intensity
margin on T2-weighted MRI. This lesion showed no
enhancement by contrast media on either CT or MRI
(Fig. 53-1).

Surgical Technique
The patient was placed in the dorsal position. Through
a left pretemporal orbitozygomatic craniotomy, the

lateralmost aspect of the superior orbital fissure was
exposed. The roof and lateral wall of the orbit were
removed as far as the second division of the fifth nerve
was visualized exiting the foramen rotundum. After
the orbitomeningeal artery, a branch of the middle
meningeal artery that goes into the orbit, was coagulated and cut, the dural tent over the superior orbital
fissure was incised and gently peeled from the anterior
portion of the lateral wall of the cavernous sinus. This
maneuver exposed the oculomotor, trochlear, and first
division of the trigeminal nerve.
As the dissection proceeded in a posterior direction,
the dura was peeled from the temporal bone to reach the
foramen spinosum and expose the middle meningeal
artery, which was coagulated and cut. The outer layer of
dura was then peeled further from the cavernous sinus,
exposing the second and third divisions of the fifth nerve
and the gasserian ganglion. The course of the greater superficial petrosal nerve along the petrosphenoidal fissure could be well appreciated medial to the middle
meningeal artery and posterior to V3. The intrapetrous
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tumor extension to the intradural compartments, it will
be managed by opening the dura and sectioning of the
tentorium.3
The tumor could be seen by transparency through the
superior and lateral wall of the cavernous sinus (inner
membranous layer), compressing the third, fourth, and
fifth cranial nerves, being totally resected with microscopic dissection. Its contents appeared to be flaky and
fatty containing motor-oil–like fluid, calcium components, and a few hairs. Histology study confirmed the
diagnosis of a dermoid cyst.

Outcome
Postoperative MRI showed complete surgical resection
(Fig. 53-2).

FIGURE 53–1 Preoperative T1 magnetic resonance
image.

carotid artery can be exposed in the petrous bone coursing parallel and inferior to the greater superficial petrosal nerve. At times, the intrapetrous carotid lacks any
bony covering at this location.
After cranial nerves III, IV, through V are positively
identified extradurally, the cavernous sinus can be
accessed in several different ways. The space between
the trochlear nerve and the first trigeminal division,
known as Parkinson’s triangle, can give access to the
lateral surface of the posterior vertical and horizontal
segments of the intracavernous carotid. The meningohypophyseal trunk and the artery of the inferior cavernous sinus can also be seen. By this approach, the
posterosuperior, anteroinferior, and lateral venous spaces
of the sinus can be entered. This triangular space can
be enlarged by displacing the ophthalmic division of the
trigeminal nerve inferiorly and by gently lifting the
trochlear nerve. This maneuver improves exposure and
allows identification of the abducent nerve. Because of
anatomic variants, usually difficult to predict before
surgery, Parkinson’s triangle can sometimes provide
only limited exposure of the intracavernous structures.
Other routes to entering the sinus through the lateral
wall may include the space between the oculomotor and
trochlear nerves and, from a further anterior exposure,
between the ophthalmic and maxillary divisions of the
trigeminal nerve. In the latter exposure, if the ophthalmic division is displaced superiorly, the abducent
nerve, the anteroinferior venous space, and the anterior
bend of the intracavernous carotid artery can be seen.
Although somewhat limited in the normal anatomy, the
spaces between the maxillary and mandibular divisions
of the trigeminal nerve can also be used. If there is

Key Points
The dural folds of the base of the skull that rest against
the body of the sphenoid bone form the cavernous
sinus. The oculomotor, trochlear nerve and the first and
second divisions of the trigeminal nerve course within
the dural layer of the lateral wall of the sinus. On the
other hand, the internal carotid artery and abducent
nerve course through the venous spaces of it. The complex anatomy of this confined space makes the complete
removal of a lesion with preservation of function of all
these important neural and vascular structures a formidable challenge.3
Browder reported the first successful intracavernous
surgery, where a carotid–cavernous fistula was treated by

FIGURE 53–2 Postsurgical T1 magnetic resonance image.
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packing muscle through an incision in the roof of the
cavernous sinus.1,4 The “inoperability” of this intricate
area was really questioned by Parkinson and Ramsay
with their valuable description of an approach into
the posterior cavernous sinus through a triangle delimited superiorly by the third and fourth nerves and
inferiorly by the fifth and sixth nerves.1,5 Nevertheless,
based on this work, Dolenc, in 1987,3,6 was the first
to describe a stepwise surgical approach in a comprehensive manner. From him, with the contributions
of other investigators,1,7,8 a lot of pathologies have
been operated, changing the natural history of some
of them.
In this case report we presented a situation where, curiously, a dermoid cyst was approached by a lateral
extradural way. This benign, congenital process is an
uncommon lesion accounting for 1% of intracranial
tumors occurring in children, where only two cases
located in the cavernous sinus have been reported in the
literature.9,10
Despite its surgical complexity, the transcavernous
approach stands out as a valuable alternative to more
conventional but restricted routes. It contributes to
exposing better intraaxial or extraaxial lesions that may
take place in this region, following the primary principle
of skull base surgery: the accessibility should not
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determine the resectability of an otherwise benign
tumor.1,3
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Comments
The authors report a rare case of dermoid cyst in and
around the cavernous sinus, which was nicely resected
with an extradural approach to the lesion.
There have been various “triangles” reported to enter
the cavernous sinus. An appropriate triangle can be selected for entering the lesion depending on the extension

of the lesion. Three-dimensional understanding of the
structures and their normal relationships in the cavernous sinus is, as the authors mention, the key issue for
successful surgery in and around the cavernous sinus.
Kazuhiro Hongo and Shigeaki Kobayashi
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54
Extensive Intra-extradural
Chordoma of the Whole Clivus
BERNARD C. GEORGE

Diagnosis Extensive intra-extradural chordoma of the whole clivus
Problems and Tactics A huge chordoma involving the whole clivus and
extending into the intradural space was discovered in a heathly young man.
The strategy included three surgical stages to achieve as radical a resection
as possible and to stabilize the craniocervical junction. The treatment was
completed with proton therapy. The patient is in very good neurological
condition and disease free at 4 years.
Keywords Chordoma, clival tumor, skull base, tumoral approach

Clinical Presentation
This 19-year-old man had complained for 2.5 years of
nasal obstruction and breathing difficulties. Despite
imaging studies discovering a clival tumor, he refused
any surgery for 2 years until the tumor growth led him to
accept a surgical treatment. He also presented a transient left sixth cranial nerve palsy.
The computed tomographic (CT) scan and magnetic
resonance imaging (MRI) showed a huge heterogeneous tumor involving the whole clivus extending anteriorly toward the cavum, inferiorly to the C1 and C2
vertebrae, and posteriorly into the posterior fossa through
the dura (Fig. 54-1). Comparing the imaging studies at
2 years’ delay, a significant tumoral growth could be
demonstrated.

Surgical Technique
The first step consisted of debulking the preclival part of
the tumor through a transbasal approach.
The patient was in the supine position with the head
straight and slightly extended. A small bifrontal bone
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flap was created with the inferior cutting passing through
the orbital ridge and the frontonasal suture. The dura of
the anterior fossa was then elevated with sacrifice of the
olfactory nerves. The bone of the anterior fossa was resected on the midline down to the jugum sphenoidalis.
The tumor was discovered extending into the sphenoidal
sinus and removed down to the C2 level. Anteriorly the
posterior part of the nasal septum and nasal mucosae
were resected. Lower the mucosae of the cavum was kept
intact and the tumor behind it was resected up to the anterior arch of the atlas. Above C1 a layer of tumor was left
in front of the dural plane (Fig. 54-2).
The dura was not opened at any place even at the level
of the olfactory nerves because they were cut very low.
Nevertheless, a pericranium graft was sutured to the dura
of the anterior fossa to reinforce the dura (Fig. 54-2).
The second step involved resection of the tumor extending through the dura through a transoral–transpalatal
approach. Closure with a free forearm graft pediculated
on the facial vessels.
Ten days later a transoral–transpalatal approach was
performed after lumbar drainage and a tracheostomy
had been placed; the palate was cut circumferentially, following the teeth and 5 mm medial to them, and kept

13830_C54.qxd

2/2/05

3:10 PM

Page 253

FIGURE 54–1 Preoperative MRI. (A) Saggital view. Notice
the intradural and pharyngeal extension. White circle indicates the odontoïd process. (B–D) Axial view. Notice the

FIGURE 54–2 Magnetic resonance imaging, sagittal view
after the first surgery through a transbasal approach. The
arrows indicate the bifrontal bone flap. The black dots show
the limits of tumoral resection.

intradural extension and in (D) the tumoral development in
front and behind the occipital condyles (black stars).

pediculated on the mucosa on one side. For this the mucosa was cut on the midline of the uvula and then laterally
along the palate on one side. The mucosa and the muscular layers were cut on the midline of the cavum. The exposure then started on the inferior part of the tumor at
the level of C2 with drilling of the anterior arch of C1 and
of the odontoïd process. Starting from a normal dura, the
tumor was then resected using curettes and the ultrasonic
aspirator. The remaining pieces of bone of the clivus were
resected beyond the tumoral limit. The occipital condyles
were totally resected on the left side and partially on the
right. The left twelfth cranial nerve was divided
intradurally. The intradural tumoral extension was progressively extirpated. The dura was widely resected beyond the tumoral infiltration. At the end of the tumor resection the two vertebral arteries, the basilar trunk, and
all the cranial nerves from XII to VI could be seen.
The dural closure was achieved using a free forearm
graft including the subcutaneous tissue and skin. This graft
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was pediculated on the facial artery and vein exposed in the
neck and then slipped into the oral cavity. It was sutured to
the mucosa on the sides and inferiorly to the pharyngeal
muscles. Its length permitted folding to provide a double
layer. Halo traction was placed at the end of surgery.
The second step had been followed by meningitis (Proteus mirabilis), which led to a 1-month wait for halo traction.
Fixation was then achieved by occipitocervical plates with
screws into the joints C3–C4, C4–C5, and C5–C6 and into
the occipital bone. Pieces of cancellous iliac bone were
placed behind the occipital bone and cervical laminae.

A new meningitis occurred 2 weeks later due to persistent cerebro spinal fluid (CSF) leak through the mouth.

The lumbar drainage was turned into a ventricular
drainage and then into a lumboperitoneal shunt after
the meningitis was cured and the forearm graft had
completely healed.
The patient could have the tracheostomy removed
3 months after its placement. At that time, the neurological exam showed a twelfth and sixth cranial nerve palsy
on the left side. Swallowing and voice were not perfect
but quite satisfactory. Four months later the patient
received a combination of radiotherapy and proton
therapy.
At the 6-month follow-up the clinical exam showed
the sixth cranial nerve palsy had almost completely
recovered and the MRI documented an apparently
complete tumoral resection. After 4 years the
MRI was unchanged and the patient was fully active
(Fig. 54-3).

FIGURE 54–3 Postoperative imaging. (A) Magnetic resonance imaging, sagittal view. Black star indicates the free
forearm graft. (B) Computed tomographic (CT) scan, sagittal
view, with the limits of bone resection (white arrows) and the

bone graft (white star). (C,D) CT, coronal and axial views,
showing the bone resection (black arrows). (E) CT, sagittal
view; lateral slice at the level of the occipitocervical plate
(white arrow).

Outcome
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Key Points
Chordomas are controversial tumors. For some authors,
palliative treatment with iterative surgeries is the best
option whereas others recommend radical treatment1–5;
however, we consider that at first presentation, treatment that is aggressive and as radical as possible should
be attempted.6 This often requires several stages of surgical resection followed by proton therapy. In a recent
publication we demonstrated that this policy provides an
actuarial survival rate of 80% and 65% and a recurrencefree rate of 70% and 35%, respectively, at 5 and 10 years.6
On the other hand, in the literature survival rate is
50% and 35% at 5 and 10 years.7
To achieve the goal of a radical resection, several surgical stages using different approaches are generally
necessary. In the case reported here a transoral–transpalatal approach in one stage might have permitted us
to resect this tumor. We decided to separate the tumoral
resection in two stages for two main reasons. First, it was
not certain that the superior part could be well controlled or would have necessitated a combination with a
Lefort maxillotomy. Second, it would have been a very
long procedure requiring time for the opening and
more for the closure. Thus, we prefered first to remove as much of the tumor as possible without opening the dura and to leave a limited amount of tumor
for the most difficult and risky phase. Despite this
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strategy, we obviously could not avoid two episodes of
severe meningitis. The dural closure is clearly the most
challenging technical problem. The free graft is probably the best solution; however despite using a perfectly
vascularized graft, an immediate watertight closure was
difficult to obtain.
Finally a 4-year follow-up is certainly insufficient to
assess our aggressive strategy as having been efficient
and effective; however we have found the results encouraging thus far.
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Comments
The author presents a 19-year-old man diagnosed with
an extensive clival chordoma after several years of
breathing difficulty. Despite the radiographic diagnosis
of a skull base lesion, he refused surgery until he developed a sixth nerve palsy. This patient’s lesion was extensive and involved the entire length of the clivus. It
extended intradurally and compressed the brain stem
significantly.
The authors staged the resection by debulking the
preclival portion of the tumor through a transbasal
approach, remaining extradural. The second stage of
the procedure was a transoral–transpalatal approach
through which the intradural portion of the tumor was
resected, leaving a wide dural margin. This stage included extension of the bone resection beyond the limits
of the tumor and included extensive removal of the
occipital condyles. Closure was accomplished with a free
forearm graft supplied by the facial artery and drained
by the facial vein. The final stage was an occipitocervical
fusion. Despite two episodes of meningitis and a persistant CSF leak that required shunting, the patient recovered. A prophylactically placed tracheostomy was
removed at 3 months and the sixth nerve palsy was

recovered. Postoperatively, the patient underwent radiotherapy and proton beam therapy. At 4 years he is
recurrence free.
The management of chordomas remains a challenge
for skull base surgeons. The largest series from the
neurosurgical literature support the contention that
aggressive resection with adjuvant therapy at initial presentation offers the best hope of extended “disease-free”
survival.1–3 In the author’s own series,2 a recurrence-free
survival rate at 5 years of 70% was achieved by aggressive
resection and radiation therapy.
In this case, the wisdom of a staged resection is obvious given the extensive nature of the tumor. The initial
transbasal approach allowed most of the extradural tumor to be removed without significant risk of a CSF leak
and the related risk of meningitis. This strategy allows
the surgeon to remove the intradural portion of the tumor and to close with a free flap in a single procedure.
Tracheostomy before this second stage both removes the
endotracheal tube from the operative field and, in conjunction with lumbar damage, is a crucial element in
healing the transoral closure. The removal of the bone
at the limits of the exposure to provide clean dural
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margins for the intradural resection and to remove as
much involved bone as possible is important in extending the period of disease-free recurrence.
Rigid immobilization in a halo brace after this second
stage allows the surgeon to ensure healing of the transoral closure before providing permanent craniocervical
stability through an instrumented fusion. If a persistent
CSF leak develops, permanent shunting, either lumboperitoneal or ventriculoperitoneal, may be necessary
as it was in this case.
Although randomized trials comparing conservative
treatment and aggressive resection and radiotherapy are
not likely with this disease, continued prospective analysis of patients’ outcomes in well-documented series is

necessary to document the value of aggressive treatment
in properly selected patients.
Richard E. Clatterbuck and Robert F. Spetzler
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55
Management of an Extensive
Recurrent Clivus Chordoma
LALIGAM N. SEKHAR AND RAMIN RAK

Diagnosis Extensive recurrent clivus chordoma
Problems and Tactics The patient presented here is a young woman with
a history of an extensive and recurrent skull base chordoma, for which she
had undergone two partial resections with proton beam radiation between
the surgeries in another institution, both via sublabial transmaxillary
approach. Postoperative magnetic resonance imaging after these two
procedures showed regrowth of the residual tumor with worsening of her
symptoms. She was then referred to us for the management of this
extensive clivus chordoma.
Keywords Extensive recurrent clivus chordoma, three-stage microsurgical
resection

Clinical Presentation
The patient is a 34-year-old woman with a history of an
extensive skull base chordoma. Her initial symptoms
started ~6 months prior to the first medical consultation. These included blurry vision, neck pain with
spasm, and dizziness. With these symptoms she was
initially diagnosed to be stressed from work. Her
symptoms worsened over time and she also developed
a right-sided hearing difficulty. The patient then
started having double vision, and magnetic resonance
imaging (MRI) of the head was ordered by an ophthalmologist. An extensive clivus lesion consistent
with chordoma was discovered with this MRI and she
was referred to another neurosurgeon for surgical
management of this lesion. First, the patient underwent a partial resection of this giant chordoma
through a sublabial transmaxillary approach. Two
months postoperatively she underwent proton beam
radiation therapy in 40 sessions. However, the tumor
continued to grow; and her symptoms progressed with

severe headaches and left-sided tongue weakness. She
then underwent a second partial resection of the
tumor through the same sublabial transmaxillary
approach. This was followed by 30 sessions of hyperbaric O2 treatments. The tumor continued to grow,
with the patient now developing right vocal cord palsy
and difficulty swallowing and speaking. At this point
she was referred to us for continuation of care. At our
examination she had a partial right cranial nerve
(CN) III palsy, a complete right CN VI palsy, decreased
right hearing, right vocal cord palsy, and a left CN XII
palsy. The patient had full strength in all extremities.
She had difficulty with walking and balance and was
losing weight.

Surgical Technique
This was a very difficult and extensive skull base tumor
(Fig. 55-1), and a three-stage resection via three different approaches was initially planned.
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FIGURE 55–1 (A–C) Magnetic resonance imaging at presentation (after the first two previous resections through transmaxillary
approaches in an outside institution) showing the extent of the tumor recurrence.
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FIGURE 55–2 Drawing of the subtemporal–infratemporal ap-

proach used for the first-stage resection of the tumor.

Stage One: Preauricular Subtemporal–
Infratemporal Approach
The first procedure was a partial resection of the tumor via
a right subtemporal–infratemporal approach (Fig. 55-2).
A right-sided orbitozygomatic, frontotemporal craniotomy
(Fig. 55-3) was performed for this approach.1 After head
fixation in a position slightly rotated (70 degrees) to the
right and extension, the neuronavigation system was set
up and the patient registered into the system with acceptable accuracy. A bicoronal incision, including exposure of
the zygoma on the right side, was performed. A right-sided
orbitozygomatic osteotomy and frontotemporal craniotomy
were performed.
From this point on the surgical microscope was used
for the rest of the procedure. The superior orbital
fissure was unroofed completely. The optic canal was
partially unroofed as well. Medially, the anterior and
posterior ethmoidal vessels were cauterized and divided
and the right ethmoidal sinus was dissected to provide

FIGURE 55–3 Drawing of the craniotomy for the first-stage

operation.
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anterior access to the tumor. An extradural middle
cranial fossa dissection was then performed. The mandibular and maxillary branches of the CN V were identified. The dura was incised gently over the lateral and
outer layer of these nerves and gradually peeled away,
including the temporal lobe, the peeling being in the
lateral wall of the cavernous sinus. The middle meningeal
artery was cauterized. The mandibular condyle was
mobilized after dissecting the vascular and fibrous tissue
attachments posteriorly. At this point neuronavigation
was used for orientation and localization of the tumor.
The greater superficial petrosal nerve (GSPN) was
identified by stimulation and facial electromyography
and it was divided close to its foramen to avoid traction on the facial nerve. A high-speed drill was utilized
at this point in the region of the petrous apex and the
tympanic bone to isolate the petrous internal carotid
artery (ICA). The eustachian tube was identified and
transected at the junction of the cartilaginous and
bony portions, and the genu of the petrous ICA was
identified just medial to it. The horizontal and vertical
segments of the petrous ICA were then gradually
traced anteriorly and posteriorly. The eustachian tube
itself was closed just medial to CN V3 by cauterizing
the interior, packing with some fat and Surgicel, and
closing with a stitch and a titanium hemoclip. The
petrous ICA was completely mobilized through the
carotid canal. After opening the periosteum, the fibrocartilaginous ring was sectioned and the petrous ICA
completely mobilized forward. The petroclival bone
was then drilled medial to the petrous ICA. The bone
was very abnormal in this region, yellowish brown in
some areas and with minimal bleeding. The bone was
obviously invaded by the tumor, but not clearly containing cartilaginous tumor. Again the navigation system
was used intermittently for localization. As we came
through the petrous apex and clival bone medially, we
identified the region where the tumor was clearly seen
and was invading through the petroclival dura, which
corresponded to the area seen on the MRI. The dura
mater was invaded in this region. It was opened further
to remove the entire intradural tumor. The arachnoid
membrane was partially opened and some cerebrospinal
fluid (CSF) was drained. The ipsilateral CN VI, but not
the basilar artery (BA), was seen. To avoid damaging
it, we did not pursue visualizing the BA. By dissecting
more medially, the petrous apex bone was completely
removed. A fair amount of yellowish and cartilaginous
tumor anterior to the clival dura was removed. In addition, we came down to the opposite side of the clivus
and the opposite cavernous sinus (CS) region, using
neuronavigation, removing some tumor from that
region. Due to tumor adhesions and perhaps the previous surgery, the clival dura appeared very ragged
in places. There was a considerable amount of clival
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FIGURE 55–4 (A–D) Postoperative mag-

D

bone remaining that was invaded by the tumor. By
working posterior and anterior to the petrous ICA,
more tumor was resected in this region using drill
and rongeurs. This resection was continued until
normal bleeding of the bone was seen, and it appeared
nearly normal. At that time, it was felt that a piece of
bone was left anteriorly, but this was not pursued
further for fear of CSF leak. The goal was to allow the
dura to heal prior to removing the rest of the clivus
anteriorly.
For closure, we used a piece of pericranium as well as
an abdominal fat graft to lay over the clival dura. The

netic resonance imaging after the firststage resection showing partial resection
of the tumor.

bone flap was replaced without difficulties at the end of
the procedure. Postoperative MRI showed partial resection of the tumor as expected (Fig. 55-4).
KEY POINTS
This approach was chosen first because of the involvement of the right CS and the petroclival bone located
lateral to the midline. The key points of this operation
are the orbitozygomatic osteotomy including the condylar fossa, the exposure and mobilization of the petrous
ICA, and the closure of the eustachian tube to prevent
CSF leakage.
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FIGURE 55–5 Drawing of the partial labyrinthectomy petrous

apicectomy approach used in the second-stage operation.

Stage Two: Partial Labyrinthectomy
Petrous Apicectomy and Partial
Transcondylar Approach
About 10 days after the first-stage resection of the tumor,
the patient was prepared for the second-stage operation.
A partial labyrinthectomy petrous apicectomy (PLPA)
and partial transcondylar approach (Fig. 55-5) was
planned to resect more tumor from the regions of the
left CS, clival intradural area, and the perijugular area.2,3
After the patient was brought into the operating room
and intubated, she was placed in the left lateral position
with the head parallel to the floor. The neuronavigation
system was then set up, and the patient registered into
the system with acceptable accuracy.
Under the surgical microscope, a retroauricular
C-shaped incision was employed joining the previous
preauricular incision in a T shape. The incision was
reflected forward along with the sternocleidomastoid
muscle and fascia. The splenius capitis and the semispinalis muscles were elevated from the suboccipital bone
as a single layer. The oblique muscles were freed up from
the lateral mass of C1 and reflected posteriorly. The vertebral venous plexus was identified. The rectus capitis
major muscle was reflected from the suboccipital bone as
well. The vertebral artery (VA) was then localized superior to the C1 transverse arch and gradually traced to the
C1 transverse foramen. The foramen transversarium of
C1 was completely unroofed. The VA was traced inferiorly
all the way down to the C2 root and was mobilized and
brought medially. The C1 transverse process was removed
adequately to avoid kinking of the VA. The lateral mass of
C1 and the occipital condyle were well exposed by these
maneuvers. A portion of the preauricular incision was
also now reopened. The temporalis muscle was elevated
from the temporal fossa and the mastoid process was
exposed completely all the way to the external ear canal.
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At this point, the neurootological surgeon performed a
transmastoid approach with partial labyrinthectomy.
A temporal and retrosigmoid craniotomy was then
performed in two pieces. Additional craniectomy was
performed in the retrosigmoid area unroofing the
foramen magnum region. The presigmoid dura and the
basal temporal dura were opened. The superior petrosal
sinus was ligated and divided. With gentle retraction of
the temporal lobe, the tentorium was gradually divided
sparing the CN IV. The petrosal venous plexus was
cauterized and divided. At this point the CN V root was
well exposed. The tentorium was divided toward the
Meckel’s cave and the bleeding from the right CS was
stopped with fibrin glue and bipolar cautery. Neuronavigation was used intermittently for guidance and localization of the tumor. The BA was identified, as was an
intradural nubbing of the tumor, which was around the
BA and very hemorrhagic and adherent. This piece of
tumor was very tediously dissected away from the BA,
leaving a very tiny remnant on the BA, which was cauterized. This intradural tumor was traced inferiorly and
found in the area of the bony clivus from which the
tumor had originated. The surgeon then started to work
inferior to the CN V root. The tumor was mainly extradural. The dura of the petrous apex was opened to go
extradurally, removing the entire tumor in this area,
which was grayish with mixed hard and soft consistency
(Fig. 55-6). After completing the tumor removal in this
area using the assistance of the neuronavigation system,
the tumor was entered through the dura between CNs
IV and V, gradually dissected anterior to the midbrain,
across to the opposite CS. The medial wall of the left CS
just posterior to the dorsum sella was bulging with
tumor. This was incised to enter the posterior CS in this
region, and a considerable amount of tumor, grayish and
gelatinous in consistency, was removed. Portions of the
tumor, however, were very adherent and could not be

FIGURE 55–6 Drawing of the intraoperative view of the tumor

at the second-stage surgery. CN, cranial nerve; GSPN,
greater superficial petrosal nerve; ICA, internal carotid artery.
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FIGURE 55–7 (A–C) Postoperative magnetic resonance imaging after the second-stage operation showing more of the tumor

resected.
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completely removed. The openings of the dura matter
were closed with a piece of fascia extracted from the right
thigh. Fibrin glue was used to seal all these dural closures.
Following this, a drill was used, guided by a neuronavigation system, to tediously drill away the posterior half of
the occipital condyle. The right CN XII was completely
unroofed as were the right jugular bulb and sigmoid sinus. Through this approach, we had good access to the
medial and inferior clival tumor. To avoid destabilizing
the atlanto-occipital joint, the entire occipital condyle
and the C1 lateral mass were not resected to reach the tumor below the foramen magnum area. It was felt at that
time that this portion of the tumor could be removed
through an extended subfrontal approach. The reconstruction of the cranium was then achieved by plating the
bone, fat grafts for the mastoid cavity, and titanium mesh
for areas of bone loss. Postoperative MRI showed more of
the tumor resected in this region (Fig. 55-7).

KEY POINTS
The key elements of this operation were the partial
transcondylar approach and the PLPA transpetrosal
approach with preservation of hearing. A complete
transcondylar approach was not performed to avoid
an occipito-cervical fusion. The transpetrosal approach
allowed the intradural tumor resection, and the disencasement of the BA; however, a tiny piece of tumor had
to be left around the artery to avoid its rupture, which
the senior author has observed in two other patients with
chordomas. Finally, to avoid a left-sided operation, the
contralateral CS tumor was removed from the ipsilateral
side. A small remnant remained in the left CS at the end.

Stage Three: Extended Subfrontal Approach
Almost 2 months later the patient was brought back to the
operating room for this planned third-stage resection
(Fig. 55-8).4,5 After induction of general anesthesia, she
was placed in the supine position with her head fixed in
an extended position. The neuronavigation system was
again used for this operation and the patient was properly
registered into the system with satisfactory accuracy.
The previous bicoronal incision was slightly extended
to just in front of the ear and the entire skin flap,
along with the pericranium, was dissected and reflected
forward. Both periorbitas were separated from the
roof and lower lateral walls of the orbits. A previously
made right frontotemporal craniotomy, which was extending across the midline, was reelevated. The orbitotomy previously had been cut just across the midline.
We separated the base of the frontal lobe extradurally
from the roof of the right orbit. To do this we made an
additional cut through the lateral wall of the right

FIGURE 55–8 Drawing of the extended subfrontal approach
used for the third-stage resection of the tumor.

orbit, removing the right orbital piece. The left orbital
roof was then also cut. The cut was made through the
roof of the left orbit along the lateral corner; a horizontal cut was made just at the frontonasal suture and
horizontally across the roof of the ethmoid bone, coming across. Using the M-8 of the Midas Rex, a batwingshaped cut was made through the roof of the orbit,
circumscribing the ethmoidal foramen and the cribriform plate of the ethmoid. This piece of the orbital
bone was separated and removed as well. Using
rongeurs, an ethmoidectomy was initially performed.
We separated the cribriform plate of the ethmoid and
removed it. The dura was divided just below the exit of
the olfactory nerves, and it was separated all the way
back to the planum sphenoidale and back to the
reaches of the anterior cranial fossa (Fig. 55-9). Using
the rongeurs at this point, an ethmoidectomy was performed. We entered the sphenoid sinus by opening
the cribriform plate of the ethmoid. The optic nerve
foramina were unroofed bilaterally after dividing the
posterior ethmoidal artery. The optic nerves were completely unroofed medially and laterally without any
damage by using a high-speed drill and fine rongeurs.
The surgical microscope was brought in at this point.
The tumor was visible within the sphenoid sinus, emerging from the clivus in the midline and toward the right
side. There was a fair amount of tumor-involved bone,
which was very firm, relatively avascular, and gritty. This
was removed with the help of extensive and tedious
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FIGURE 55–9 Drawing of the intraoperative view and exposure

of the anterior cranial base using the extended subfrontal
approach. CN, cranial nerve.

drilling. We removed the tumor in the midline and going
toward the right side and the roof of the maxillary sinus,
which was exposed initially. At this point, we proceeded
to unroof the right cavernous carotid artery completely.
This was done by following it from anterior to posterior,
the location of the artery being confirmed by intraoperative micro-Doppler probe. The medial and posterior wall
of the orbit was removed. Considerable bone drilling was
performed between the petrous internal carotid artery
and the base of the pterygoid plate. This bone was progressively removed using rongeurs and the drill.
We then started to work in the midline by tediously
drilling away the clivus bone all the way down to the foramen magnum. The bone posterior and medial to the
cavernous carotid artery was separated and removed
completely. We then started to work toward the left side.
The left cavernous carotid artery was also completely
unroofed along its course on its medial aspect. All the clival bone in this area was removed and we entered the left
cavernous sinus posterior to the cavernous carotid artery
and removed a fair amount of cartilaginous tumor in this

FIGURE 55–10 Drawing of the reconstruction of the anterior
cranial base using pericranium. CN, cranial nerve.

region. The bone of the dorsum sella was completely separated and removed. Finally, we started working below
the foramen magnum in the precervical area. In this
region, there was some cartilaginous tumor just posterior
to the cervical muscles. These were removed completely.
The neuronavigation probe was used intermittently
throughout the operation and was extremely useful.
Very thorough irrigation was utilized to clear all the
bone dust. The dura mater at the level of clivus was not unroofed to prevent CSF leakage as well as damaging the BA.
For closure, a vascularized pericranial flap was tediously
developed, based on the supraorbital arteries. This was
flapped down into the wound, completely isolating the
nasopharynx from the intracranial cavity. Fat graft from
the abdomen was used to fill up the space loosely without
any compression on the optic nerves (Fig. 55-10). The
pieces of orbits as well as craniotomy pieces were reapproximated with titanium microplates. The remainder of the
closure was performed in the usual fashion. Postoperative
MRI showed complete resection of the clival tumor with
small residual in the region of the left CS (Fig. 55-11).

FIGURE 55–11 Postoperative magnetic resonance imaging after the third-stage operation showing gross-total resection of the

tumor with a small residual in the left cavernous sinus.
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KEY POINTS
This is the most important approach to remove most of
the tumor; however, it could be safely performed because
of the previous two operative approaches, which removed
the right petrous apex tumor, the lower right clivus
through a transcondylar approach.
Neuronavigation has been extremely useful for this type
of extradural surgery because anatomical landmarks may
be distorted in the presence of tumor. It also helps to plan
the surgical approach.
The pericranial flap repair is important to promote
healing and to prevent infection. Finally, radiosurgery
should be considered for the residual tumor in the left
CS, with close follow-up, and monitoring the response
with MRI.

Outcome
Postoperatively, the patient did very well. There were no
signs of CSF leakage. She had some nausea, but no
vomiting on postoperative day 2 and 3, which resolved
gradually. On postoperative day 4, she developed
hyponatremia, which was corrected using hypertonic
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saline solution. She was subsequently discharged from
the hospital in stable condition. Postoperative MRI
showed complete resection of the clival tumor with
small residual in the region of the left CS.
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Comments
Management for treating clivus chordoma is difficult
because resection can rarely be completed, progression is inevitable, and recurrence rate is high. Drs.
Sekhar and Rak presented a successful surgical management of an extensive recurrent clivus chordoma.
They have achieved nearly gross-total removal in three
resections using superb skull base techniques. It is
noteworthy that no major complications occurred
despite the procedures that were conducted in a rela-

tively short period of time. The authors are to be
congratulated. As they mentioned, the neuronavigation system is very instrumental in performing skull
base tumor surgery safely and with precision. We agree
with their strategy of utilizing radiosurgery to treat a
small residual or recurrent tumor followed by surgical
resection.
Keiichi Sakai and Shigeaki Kobayashi
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56
Chordoma
OSSAMA AL-MEFTY, PAULO A.S. KADRI, AND EMAD T. ABOUD

Diagnosis Bilateral cavernous sinus extension of a chordoma
Problems and Tactics We present the case of a residual skull-base
chordoma invading both cavernous sinuses in a young man who underwent partial surgical resection of the tumor at another institution. Despite
the risks presented by an additional surgery in the skull base, radical
removal of such a tumor is possible and should be the goal to control the
disease better before the patient undergoes radiation therapy.
Keywords Chordoma, skull-base tumor, surgical approach, tumor excision

Clinical Presentation
A 30-year-old man came to us for evaluation 2 months
after undergoing surgical resection of a clival chordoma at
another institution. Before the first surgery, he reported
having a 2-year history of diplopia in his left lateral gaze
and a 2-month history of numbness and paresthesias in
the territory of innervation of the second and third
trigeminal branches. Magnetic resonance imaging
(MRI) revealed a large mass involving the clivus and both
cavernous sinuses. The tumor extended into the posterior fossa, compressed the brain stem, eroded the left
petrous apex, and extended through the left petroclival
junction into the left lateral and posterior nasopharynx
(Figs. 56-1A-C). The patient underwent a midface degloving approach, which was complicated by postoperative meningitis that was treated successfully. After surgery, his facial paresthesias partially resolved, but he
continued to have diplopia. This first surgery removed
the medial portion of the mass from the petroclival junction and the mid- and lower thirds of the clivus to the
dorsum sella, decompressing the brain stem, but the
lobular extensions into both cavernous sinuses and middle cranial fossae persisted (Fig. 56-1D). An assessment
of the patient for proton beam therapy recommended
having the remainder of the tumor resected. The patient
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was then referred to us for resection of the residual tumor in these critical areas.

Surgical Technique
We performed two procedures separated by an 8-day
interval. The first procedure was a left cranioorbital
zygomatic approach (COZ) (Fig. 56-2) including a
petrous apicectomy and resection of the middle fossa
floor. The patient’s head was placed in the Mayfield
headrest and turned 45 degrees to the right. The frameless stereotactic fiducials were registered. Monitoring devices were positioned for cranial nerves III, V, VII, and X
and brain stem auditory potentials and somatosensory
evoked potentials. A frontotemporal incision was extended from the midline to curve behind the hairline to
just in front of the tragus. The superficial temporal
artery and the pericranium were preserved. The frontal
branch of the facial nerve was dissected in a subfascial
manner. The pericranium was divided near the vertex and
was reflected downward in a single flap with the temporalis muscle. A single cranioorbital flap and the rest of the
orbital roof were removed. Sectioning the anterior root of
the zygoma and removing the roof of the glenoid fossa
allowed us to create a single flap and further reflect the
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FIGURE 56–1 Initial magnetic resonance imaging (MRI).
(A) coronal, (B) axial, and (C) sagittal views demonstrating
chordoma extension into the cavernous sinus bilaterally.
(D) Coronal MRI after resection using the anterior approach
with residual tumor in both cavernous sinuses. (E) Coronal

MRI after tumor resection using the cranioorbital zygomatic
approach, with residual tumor in the right cavernous sinus.
(F) Coronal MRI after the right zygomatic middle fossa
approach achieving gross tumor resection.

temporalis muscle inferiorly. Under the microscope, the
dura of the middle fossa was elevated with sharp dissection
to prevent injury to the greater superficial petrosal nerve.
The middle meningeal artery was coagulated and divided
as it emerged from the foramen spinosum. After the superior orbital fissure was exposed through resection of the
sphenoid wing, the floor of the middle fossa was resected
by drilling out the anteromedial (between V1 and V2) and
the anterolateral (between V2 and V3) triangles.
The tumor was found medial to the pterygoid plate after the anterolateral triangle was drilled. The petrous apex
was drilled posterior to the third division of the trigeminal
nerve and anterior to the cochlea all the way out to the
clivus. The outer layer of the cavernous sinus was relaxed

and the temporal lobe was elevated without traction on V2
or V3. The bulk of the tumor was identified and resected
beneath the roots of the trigeminal nerve along the
petrous apex. The sphenoid sinus was entered by further
drilling of the anteromedial triangle, and the previous fat
graft was identified as free of tumor. The tumor medial to
the pterygoid plate, between V2 and V3, was removed. The
carotid artery was identified posterior to V3 after significant debulking of the tumor. The tumor superior, medial,
and inferior to the carotid was cleaned out and no lateral
extension was seen. The inner layer of the lateral cavernous sinus between V2 and V3 was entered and the superior portion of the tumor was resected. The clivus beneath
the trigeminal nerve was drilled out all the way to the
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FIGURE 56–3 Artist’s illustration of the zygomatic middle
fossa approach, with extension in the infratemporal fossa,
used in the right side – exposure and dissection obtaining
through it.
FIGURE 56–2 Artist’s illustration of the cranioorbital zygomatic approach used in the left side showing exposure and
dissection obtaining through it.

contralateral side, and the medial aspect of the right cavernous sinus and the intracavernous carotid artery were
identified. Tumor in the contralateral cavernous sinus was
lateral to the cavernous carotid and could not be removed
from the left-side approach. In the posterior fossa, an intradural extension of the tumor that did not breach the
arachnoid plane was identified and removed. An abdominal fat graft and fibrin glue were used to cover the defects
left by drilling and tumor removal. Vascularized tissue
from the posterior limb of the temporalis muscle was
placed along the middle fossa and extended medially into
the cavernous sinus to the contralateral petrous apex.
Closure proceeded in the ordinary fashion.
The second approach was a right zygomatic middle
fossa approach (Fig. 56-3), where the patient’s head was
placed in the Mayfield headrest and turned 50 degrees
to the left. The fiducials were registered. A frontotemporal skin incision was made posterior to the hairline, with
soft tissue dissection similar to that already described. A
lower temporal craniotomy was done, and the floor and
anterior extension of the middle fossa were flushed with
the high-speed drill. The dura was elevated with care to
preserve the greater superficial petrosal nerve, and the
middle meningeal artery was coagulated and divided in
the spinosum foramina. Relaxing the incision along the
lateral wall of the cavernous sinus over V2 and V3 allowed
us to elevate the dura above the trigeminal root. To
mobilize the trigeminal nerve, the rest of the petrous
apex was drilled. The cavernous sinus was entered

medial to V1, and the tumor was identified and removed,
exposing the superior wall of the intracavernous carotid
and the middle clival bone, which was further drilled.
The posterior limb of the temporal muscle was used to
cover the defect in the floor of the middle fossa, and the
flap was attached with microplates.

Outcome
The first cranioorbital zygomatic approach removed
95% of the tumor. We left a small piece lateral to the internal carotid artery in the contralateral cavernous sinus
to avoid the risk of bilateral diplopia (Fig. 56-1E) because the patient had noted postoperative improvement
in his previous diplopia in the left lateral gaze. Although
the patient was largely asymptomatic, a radical resection
of the residual tumor in the right cavernous sinus was
recommended before he underwent proton beam therapy the following month. The patient developed a delayed palsy of the right seventh nerve, which was treated
with steroids and resolved within 1 month. The postoperative MRI revealed no gross residual tumor (Fig. 56-1F),
and the patient completed a course of high-dose, fractioned, conformal photon–proton radiation therapy.

Key Points
Chordomas are rare, aggressive, slow-growing, invasive,
and locally destructive tumors that presumably originate
from remnants of the primitive notochord. Less than
5% are diagnosed in patients younger than 20 years.
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They can arise anywhere along the axial skeleton, but the
sacrococcygeal and clival regions, and especially the
sphenooccipital synchondrosis in children, are the sites
of predilection.1
Although they appear on images as well encapsulated, these tumors infiltrate bone along the lines of
least resistance. This extension through the base of
the skull is the main limiting factor in their surgical
removal. Complete resection and even microscopic
total removal is frequently followed by the finding of
residual tumor on postoperative images; however,
surgical treatment has a definitive place, and longer
survivals and lower recurrence rates have been associated with more extensive tumor removal.2 Radical
surgery also improves the efficacy and safety of proton
beam treatment.3 To help surgeons select the best
surgical approach, an anatomical classification has been
defined based on the patterns of extension in the
skull base and on the degree of surgical resection to
be achieved4:
Type I: small, isolated (symptomatic or asymptomatic)_radical removal with bone margin in one
surgical approach
Type II: relatively large size in contiguous area—
radical removal with only one surgical approach
Type III: extending through the skull base—two or
more skull-base approaches to achieve radical
removal
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area to expose. This approach should be limited to lesions located medial to the carotid artery.

Cranioorbital Zygomatic Approach
The cranioorbital zygomatic (COZ) approach minimizes brain retraction, provides a multidirectional view,
and allows multiple surgical routes (subfrontal, transbasal, transsylvian, subtemporal, and infratemporal) to
both extradural and intradural lesions. The COZ is the
most versatile approach to lesions originating in the
upper clival area and extending laterally to the internal
carotid artery, the middle fossa, and the petrous apex,
and infratemporally, particularly if the lesion has an
intradural extension.

Zygomatic–Extended Middle Fossa Approach
This approach is an extradural route with a corridor that
extends from the superior orbital fissure to the seventh–
eighth cranial nerve complex. It is an excellent approach for lesions located infratemporally or in the
sphenopalatine area, the temporal fossa, the orbit, or
the cavernous sinus. It also allows access to the sphenoid
sinus, between either the first and second or the second
and third divisions of the trigeminal nerve, and to the
lower clival area if the mandibular division has been
sacrificed.

Skull-Base Approaches

Transcondylar Approach

The deep location of chordomas in the middle of the
skull and their pattern of spread practically preclude the
use of a single surgical approach, requiring the surgeon
who deals with this tumor to be able to perform multiple
skull-base approaches.2,4 Chordomas seem to be able to
grow on any tissue, and seeding may occur along the operation route or at a distant site where tissue is harvested. Special attention to certain details in the surgical
technique may help prevent this seeding.5 The neuronavigation system is used during the approach and for intraoperative localization. Monitoring the cranial nerves
during surgery improves the results. Because the tumor
originates from the bone, extensive bone removal is key;
this removal is best achieved through an extradural
route. Each approach has its advantages and limitations.

The short and wide surgical field of this approach allows
control of the vertebral artery, and the approach itself
can be combined with a superior transtemporal and an
inferior transcervical or infratemporal approach. It is
the best option for a chordoma of the inferior clivus
with a lateral extension to the craniocervical junction or
the upper cervical area.

Transbasal Approach
A midline, extradural, extrapharyngeal approach between the two optic nerves allows the surgeon to reach
the anterior arch of the atlas and even the body of the
axis. The upper third of the clivus is the most difficult

Transmaxillar Approach
This approach can include several variations, such as the
Le Fort I osteotomy with or without splitting the hard
and soft palates, the unilateral maxillotomy with paramedian splitting of the hard and soft palates, and the
unilateral paramedian maxillotomy without splitting the
soft palate, which provides an excellent collateral blood
supply to the maxilla and preserves the contralateral
maxillary bone. This approach is indicated for clival
lesions with extensions into the nasopharynx or craniocervical junction, inferior to the anterior cranial fossa,
superior to the C2–C3 interspace, and medial to the medial pterygoid plate. It is also appropriate for lesions that
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extend to the internal carotid artery at the level of the
foramen lacerum, the cavernous sinus, the hypoglossal
canal, and the jugular foramen.

Extended Transsphenoidal Approach
This approach is similar to the transsphenoidal approach, but it adds an osteotomy of the frontal process
of the homolateral maxilla, which allows wider and
more lateral exposure. This approach is indicated for
chordomas in the upper clivus with or without invasion
of the medial wall of the cavernous sinus.
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Comments
We have observed that in general cranial chordomas are
of two types. One is a more typical or characteristic type
of clival chordoma. Such chordomas are usually seen in
the third to fifth decade of life. The tumors arise in the
region of sphenooccipital synchondrosis of the clivus.
These tumors extend predominantly eccentrically in the
petroclival region and infratemporal fossa region and
anterior to the brain stem in the extradural space. The
tumors grow in an expansile fashion by displacement of
the surrounding soft tissues and by destroying the bone.
The carotid artery, which is in direct relationship with
the tumor in its petrous, precavernous, and cavernous
segments, is displaced along the anterior border of the
tumor. Sometimes this displacement may be as much as
3 to 3.5 cm.1 Cavernous sinus involvement is in the nature of displacement rather than invasion. The tumor
usually has a subcavernous sinus spread. The cranial
nerves of the cavernous sinus are displaced on the superior surface of the tumor. Whenever the tumor extends
posteriorly into the posterior cranial fossa, the brain tissue, vessels, and nerves are displaced by the tumor. A
thin sheet of dura separates the tumor from all neural
and vascular structures.
In the second variety of chordomas, the tumors do not
follow a disciplined pattern of extension. They arise
from other than the more typical site. The age group at
the time of presentation may also be atypical. The
tumors may encase the internal carotid artery and the
cranial nerves in the cavernous sinus. Some of these
tumors may have an intradural extension.
We have observed that the tumors in the characteristic
variety of chordoma are relatively more “benign,” surgery is easier, and the long-term outcome after a radical
surgery is better than the atypical variety of chordomas.
Tumors operated upon on an earlier occasion or
recurrent chordomas lose their fixed and extradural
pattern of extension. Such tumors encase the vessels and
nerves and are in general more difficult to operate.

Dr. Al-Mefty and colleagues have demonstrated surgery
on such a case. The surgical philosophy, methodology,
and outcome of the case are characteristic of the school
of thought propagated by him.
In general the exposure during surgery for a chordoma should be such that all parts of the tumor can be
approached in one field. The preparation should be for
a radical excision, which implies excision of the tumor
and the involved bone. The direction of the approach
should be such that the tumor bulk can be easily exposed. The extent of exposure need not be extremely
elaborate because the intratumoral debulking of this
soft tumor results in additional exposure. The exposure
should not deal with the internal carotid artery or the
nerves of the cavernous sinus in the initial stages of the
operation. These structures are stretched by the tumor
and can be damaged during the process of mobilization
or displacement. The tumor should first be debulked by
intra-”capsular” removal. This procedure is safe, relatively easily performed, and adds to the exposure. It results in release of stretch on the surrounding vessels and
nerves, which can then be dissected off from the surface
of the tumor. Sharp dissection in the tumor in the initial
debulking stage should be avoided. We have found that
the middle fossa sub-gasserian ganglion approach is
ideal for the more characteristic variety of cranial chordoma.2 Although less common, an extensive petrous
bone drilling may be necessary.3
Atul Goel
REFERENCES TO COMMENTS
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Huge Chondrosarcoma in the
Skull Base
KIYOSHI SAITO

Diagnosis Huge chondrosarcoma
Problems and Tactics A huge mass in the skull base was found in a
36-year-old woman with Maffucci’s syndrome. The tumor occupied the nasal
and paranasal cavities and extended to the anterior, middle, and posterior
intracranial spaces. The midline skull base structures and the left middle
cranial base were destroyed. Surgical resection was planned because she
presented with decreased right visual acuity and left papilledema. Epidural
skull base approach (combined anterior craniofacial and orbitozygomatic
approach) was selected to remove the tumor and a bipedicled temporoparietal
galeal flap with vascularized outer table graft was utilized to reconstruct the
large skull base defect.
Keywords Anterior craniofacial approach, chondrosarcoma, galeal flap,
orbitozygomatic approach, skull base

Clinical Presentation

Surgical Technique

A 36-year-old woman with Maffucci’s syndrome was referred to our institution with decreased vision (8/20)
and optic disc atrophy in the right eye and papilledema
on the left. Plain computed tomography (CT) showed a
mass in the anterior and middle cranial bases with calcifications of various sizes. The sphenoid and ethmoid
sinuses, the medial wall of the left orbit, and the anterior
and middle cranial bases were destroyed by the tumor.
Enhanced magnetic resonance imaging (MRI) showed
intracranial tumor extension through destroyed clivus
and anterior and middle cranial bases. Both sides of the
orbital apex and optic canal, the sella turcica, and the left
side of the cavernous sinus, the nasal cavity, and the maxillary sinus also were involved (Fig. 57-1). Angiography
showed displacement of the left carotid artery without
tumor stain. The patient tolerated the balloon occlusion
test of the left internal carotid artery for 15 minutes.

A skull-base surgery team consisting of neurosurgeons,
otorhinolaryngologists, and plastic surgeons performed
surgery. A coronal skin incision was made. Subfollicular
dissection was used to preserve the temporoparietal
galea. A bifrontal and left temporal craniotomy was then
performed (Fig. 57-2A), and an orbital bar including
the orbital roofs, the nasal bone, and the left zygomatic
arch was removed (Fig. 57-2B). After circumferential osteotomy around the cribriform plate, the nasal mucosa
and septum were transected 1 cm below the cribriform
plate. The affected left lateral orbital wall, middle cranial
base, and pterygoid plate were removed via the left orbitozygomatic route. The foramen rotundum and the
maxillary nerve were involved, and the mandibular nerve
and the cavernous sinus were compressed by the tumor.
The left superior orbital fissure, optic canal, and carotid
canal were released from lesioned bone. The tumor and
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FIGURE 57–1 (A) Plain and (B) enhanced computed tomography showing a mass in the anterior and middle cranial
bases with calcifications of various sizes. (C) Gadoliniumenhanced coronal and (D) T2-weighted sagittal magnetic

resonance imaging demonstrates that the tumor occupies the
paranasal and nasal cavities and extends to the anterior,
middle, and posterior intracranial spaces.

the affected sella floor, the upper two thirds of the
clivus, and the medial bony walls of the left and right
cavernous sinuses were removed via the anterior craniofacial approach. The right optic canal was released. The
tumor was located mainly in the epidural space. There
was a small dural hole at the destroyed clivus through
which the tumor penetrated. The invaded nasal septum,
nasal mucosa, and left middle concha were removed. The
tumor under the left eye and in the left maxillary sinus
was removed using an endoscope. Finally, the entire gross
tumor mass was completely removed (Fig. 57-2C,D).
The small dural hole was sutured. The midline of the
large skull base bony defect, which extended from the
anterior and left middle cranial bases to the clivus, was
reconstructed using the outer table of the midline parietal bone attached to a bipedicled temporoparietal
galeal flap (Fig. 57-2E,F).1 The vascularized outer table

graft (2  6 cm) was fractured into two pieces to reconstruct the clivus and the anterior cranial base between
the cribriform plate and the lower clivus (Fig. 57-3A).
The bipedicled temporoparietal galeal flap was pulled
into the cranial base. The outer table graft, with the
galea facing the nasal cavity, was fixed to the lower clivus
and the repositioned cribriform plate using miniplates
and wires. The left temporal muscle was used to replace
the dead space in the left middle cranial base. The operative time was 16 hours and the blood loss was 6800 mL.

Outcome
Pathological examination of the specimen showed a lowgrade chondrosarcoma. Postoperatively, the patient had
impaired left visual acuity and ocular movement and facial
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FIGURE 57–2 Intraoperative photographs. (A,B) After performing a bifrontal and left temporal craniotomy, an orbital bar
including the orbital roofs, nasal bone, and left zygomatic arch
was removed. (C,D) Through a combined anterior craniofacial

and left orbitozygomatic approach, the tumor was totally
removed. (E,F) An outer table bone graft, vascularized by a
bipedicled temporoparietal galeal flap, was elevated to reconstruct the midline skull base.

hypesthesia. The right visual acuity improved to 20/20
with no visual field defects. Olfactory function recovered
within 8 weeks. This was confirmed by the intravenous
olfactory test and the standard olfactory acuity test.2
Postoperative otitis media with an effusion was treated

by puncture of the eardrum. All neurological deficits
recovered within 2 months, except for the decreased
left visual acuity (4/20). The left enophthalmos and
left temporal depression were corrected 4 months later
by reconstruction of the left lateral orbital wall and
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FIGURE 57–3 (A) Postoperative three-dimensional computed
tomography showing the midline bony reconstruction by the
vascularized outer table graft, which was fractured into two
pieces and positioned between the cribriform plate and the

lower clivus. (B) Coronal enhanced magnetic resonance
imaging obtained 4.5 years after surgery showing no tumor
recurrence.

placement of a silicon plate under the left temporal
skin. In 5 years of follow-up, there has been no evidence
of recurrence on MRI (Fig. 57-3B).

with careful management of the olfactory system and
protection of the integrity of the nasal cavity.2
Reconstruction, to create a partition between the
intracranial and nasopharyngeal spaces to prevent CSF
leaks and intracranial infections, and to support the
brain to prevent herniation, is an important aspect of
skull-base surgery. We can utilize either a free flap or a
local flap. After resection of malignant skull-base tumors,
we select such free flaps as a rectus abdominal musculocutaneous flap or an anterolateral thigh flap to reconstruct the large skull-base defects.5 As a local flap, we
prefer the temporoparietal galeal flap because the axial
blood supply is adequate up to 1 cm from the midline.1
It is also wide and has a consistent thickness. Using the
bipedicled temporoparietal galeal flap, the anterior cranial base and clivus are easily covered. The temporoparietal galea can also be elevated with a vascularized outer
table or full thickness calvarial bone graft if bony reconstruction is necessary.
In our case, the skull base bony defect was large and
included the anterior cranial base, the left middle cranial base, and the clivus. We reconstructed the midline
of the cranial base using a vascularized outer table calvarial bone graft. Because the dead space around the
bone graft may increase the risk of infection, the bone
graft should be vascularized, fit the skull base, and be
covered with a vascularized flap.

Key Points
Skull-base chondrosarcomas are uncommon neoplasms,
most of which are low grade. Gay et al recommended total resection at the first treatment for chordomas and
chondrosarcomas because local recurrences are responsible for the poor prognosis.3 Selection of the approach
and reconstruction method is important to achieve total
removal and avoid complications.
Chordomas and chondrosarcomas are best the indication for epidural skull-base approaches because these
tumors are mainly located in an epidural space.
Epidural approaches could provide wide operative field
to achieve total resection of the tumor with affected surrounding bone. Epidural exposure also prevents brain
retraction and damage, cerebrospinal fluid (CSF) leak,
and meningitis.
An anterior craniofacial approach with preservation of
olfactory function is suitable for midline extradural skull
base lesions.1,2,4 Using this approach, the right and left
anterior cranial bases, the clivus, and the medial portion
of the middle cranial base were accessible. Adding the orbitozygomatic approach, the anterior and middle cranial
bases and the clivus were entirely exposed, enabling radical tumor resection. This skull-base approach minimized
the trauma to such important structures as the optic
nerves, the sella, the cavernous sinuses, and the remaining cranial nerves. Olfactory function could be preserved
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Comments
The author exemplifies the concept of radical surgical resection for skull-base chondrosarcoma. This has
proven to be an effective means of long-term control
in chordoma and chondrosarcoma, particularly in
chondrosarcoma, which carries a much better prognosis than chordoma, and long-term survival is observed.1 The first time is the best time for such an
endeavor in accomplishment of radical tumor removal. This, as the author indicates, might require
more than one surgical approach. Each is tailored to
maximize the exposure and the dissection of part
of the tumor according to its extension in the skull
base. This was also the basis of our chordoma classification and hence this case is a Grade III.2 The author
emphasizes a critical point: if there is no dural penetration, then certainly the total resection can and

should be achieved through extradural exposure. As
with all skull-base, particularly in cases that require
more than one exposure, planning reconstruction of
the skull base and avoidance of CSF leak and subsequent meningitis; however, I am not quite sure that in
the presence of a good muscle flap a bone graft is necessary in most cases.
Ossama Al-Mefty

REFERENCES TO COMMENTS
1. Colli B, Al-Mefty O. Chordomas of the skull base: follow-up review
and prognostic factors. J Neurosurg 2001;95:933–943.
2. Al-Mefty O, Borba L. Skull base chordomas: a management challenge. J Neurosurg 1997;86:182–189.

13830_C58.qxd

2/2/05

3:12 PM

Page 276

58
A Case of Unusual Giant and
Complex Bifrontal Cavernoma
JACQUES BROTCHI, DANIELE MORELLI, AND ISAAC HOUINSOU-HANS

Diagnosis Bifrontal cavernoma
Problems and Tactics A giant bifrontal tumor was discovered on neuroradiological check-up performed because of a generalized seizure. Magnetic
resonance imaging (MRI) showed a butterfly tumor that had bled. Location,
calcifications, and shape were in favor of a fronto-calloso-frontal anaplastic
glioma, but MRI proton-weighted sequences suggested an unusual giant
cavernoma embedding both anterior cerebral arteries and branches. That is
the reason why we decided on a direct approach rather than a stereotactic
biopsy in spite of a bifrontal lesion.
Keywords Cavernoma, butterfly frontal lesion

Clinical Presentation
This 34-year-old woman had a generalized seizure when
she was pregnant, 7 months before being admitted. Computed tomography (CT) showed a butterfly tumor looking
like an oligodendroglioma. Magnetic resonance imaging
(MRI) without contrast demonstrated a huge bifrontal
lesion that had bled. The neurological exam was normal.
After delivery, angiography was performed showing a very
mild blush although MRI with gadolinium demonstrated
a high contrast enhancement. Everything was in favor of a
suspected anaplastic glioma that should benefit from a
stereotactic biopsy, but careful MRI study with protonweighted images nicely showed a bilateral frontal lesion,
with cavernoma characteristics, embedding in both anterior cerebral and pericallosal arteries (Fig. 58-1).

Surgical Technique
The patient was lying in the supine position. After a
bicoronal incision of the skin, a bifrontal bone flap was
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cut just in case a bilateral approach might be needed.
Due to the greatest development of the tumor on the left
side, the dura was opened on that side with a triangular
shape and reflected over the sagittal longitudinal sinus.
An interhemispheric approach was carefully made under
magnification with the microscope. One frontal bridging
vein had to be coagulated and divided. The tumor was immediately discovered with a typical aspect of a cavernoma.
The lesion was gently coagulated with the bipolar forceps
and progressively dissected from the normal brain. It
progressed far deep inside, close to the ventricle. Thanks
to coagulation, the lesion shrank moderate brain retraction giving enough room effectively for surgery. We also
did a piecemeal removal without bleeding, but the greatest
difficulties were at the level of both anterior cerebral
arteries and branches, which were embedded and
stretched, but not infiltrated (Fig. 58-2A). We started the
dissection from distal to proximal on the left side but the
need for a right-side approach to the tumor quickly became
obvious. We decided to divide the falx and to work under
the longitudinal sinus. That gave us excellent surgical
room without any need for cutting the dura on the right
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A

C

frontal convexity with the risks of having bridging veins in
our way again. Thus a bilateral piecemeal removal could
be performed with progressive dissection of the callosomarginal arteries, then the pericallosal arteries. The cavernoma was developed from the corpus callosum genu,
pushing in front of the arteries, and then growing
bilaterally around them and into both frontal lobes and
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B

FIGURE 58–1 Preoperative magnetic resonance imaging
(MRI). (A) MRI without contrast shows a butterfly frontal lesion
looking like a glioma that had bled. (B) Proton-weighted images
show cavernoma characteristics and the tumor surrounding the
arteries and (C) embedding them.

embedding the vessels, which were cautiously freed and
kept intact. Several small branches were feeding the cavernoma. They had to be cautiously discovered, coagulated, and divided. After several hours of microsurgical
dissection, the cavernoma was completely removed and
both anterior cerebral arteries and branches were
decompressed (Fig. 58-2B).
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A

FIGURE 58–2 Peroperative view, left frontal parasagittal approach. (A) Pericallosal and callosomarginal arteries are seen
plunging into the cavernoma. (B) After complete removal of the lesion, all arteries are freed and kept intact.

Outcome

Key Points

The postoperative course was uneventful. Postoperative
CT and MRI showed complete removal of the cavernoma with the arteries floating in the surgical cavity
(Fig. 58-3).

Most butterfly frontal lesions are infiltrative gliomas that
are not suitable for surgical removal, which is why, in this
situation, stereotactic biopsies or partial debulking of
the tumor before radiation therapy and chemotherapy

A

B

FIGURE 58–3 Postoperative imaging. (A) Complete removal of the lesion with arteries floating into the operative cavity on
computed tomography with contrast performed at day 1. (B) Magnetic resonance imaging with gadolinium performed at 3 months.
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are recommended; however, one should pay attention to
an MRI signal that may suggest a lesion other than a
glioma and modify the surgical strategy, as we did in our
case, especially when a cavernoma was the possible diagnosis, because stereotactic biopsies pose a serious risk of
hemorrhage.1
Giant cavernomas are exceptional, but several cases
have already been reported. They may grow like a tumor
with a mass effect. The only treatment is surgical removal.2
In this difficult case, MR proton-weighted images were
very helpful in demonstrating the nature of the lesion
and the relationship between the cavernoma and arteries
that had to be kept intact. It is easier and safer to follow
the arteries from distal to proximal, as we recommend in
sphenoid wings meningiomas.3–5 This is why we decided
to start dissection at the level of the callosomarginal
arteries, progressing toward the pericallosal arteries,
which allowed us to find the corpus callosum and the cavernoma into the genu, to dissect it, and to follow the vessels
until we found both anterior cerebral arteries. Several
small branches were feeding the cavernoma and had to
be cautiously uncovered, coagulated, and divided.
A bilateral lesion can be removed through a unilateral approach, which is safer, at the condition to have
a wide surgical view that may be obtained with division
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of the falx from down to up with a partial removal if
needed. That is what we did in this case to get complete control on both sides. Furthermore, one should
be careful to avoid inappropriate brain retraction that
may induce mental if not motor deficits. A good technical trick is to coagulate the surface of the cavernoma, which induces shrinkage of the lesion and also
provides the possibility of debulking without uncontrolled bleeding. Operating in a clean field is also the
key for a safe microsurgical dissection of the embedded vessels.
REFERENCES
1. Houtteville JP. The surgery of cavernomas both supratentorial and
infratentorial. In Symon L, ed. Advances and Technical Standards
in Neurosurgery. New York: Springer-Verlag; 1995;22:185–257.
2. Chaskis C, Brotchi J. The surgical management of cerebral cavernous angiomas. Neurol Res 1998;20:597–606.
3. Bonnal J, Thibaut A, Brotchi J, Born JD. Invading meningiomas of
the sphenoid ridge. J Neurosurg 1980;53:587–599.
4. Brotchi J, Levivier M, Raftopoulos C, Noterman J. Invading meningiomas of sphenoid wings: what must we know before surgery?
Acta Neurochir (Wien) 1991;(suppl. 53):98–100.
5. Brotchi J, Bonnal J. Lateral and middle sphenoid wing meningiomas. In Al-Mefty O, ed. Surgical Management of Meningiomas:
New York: Raven Press; 1990:413–425.

Comments
Fig. 58-1A is not a typical MRI image of a malignant
glioma. It is therefore difficult for a neurosurgeon to make
a decision regarding stereotactic biopsy. The MRI imaging
suggests that the lesion could be a cavernoma. The operative techniques, photographs, and results are excellent.
We also feel that this chapter has great educational
value for readers. In this case, there is no doubt about
the neuropathological diagnosis. In our experience,
although it is frequently straightforward to make the

diagnosis of a cavernoma on MRI, the operative findings
and even the final neuropathological diagnosis may not
always be conclusive. Among the vascular malformations, the interface between arteriovenous malformations (AVMs), angiographically occult AVMs, cavernomas, venous angiomas, and capillary ectasia may not
always be clear. This problem requires further study.
Tomokatsu Hori
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59
Cerebral Peduncle Cavernoma with
Recurrent Hemorrhage
VALÉRIA MUOIO, HELDER TEDESCHI, AND EVANDRO DE OLIVEIRA

Diagnosis Cerebral peduncle cavernoma
Problems and Tactics A brain stem cavernoma located in the left cerebral
peduncle presented with recurrent episodes of bleeding in a young female
patient with no severe neurological deficits. The difficulty of the surgical
approach lies in the lesion’s close vicinity to vital neural structures, which
could potentially lead to devastating neurological consequences or even
death.
Keywords: Brain stem, cavernoma, cerebral peduncle, pretemporal approach

Clinical Presentation
A 19-year-old woman presented to consultation in our
department with the history of sudden onset of a right
third nerve palsy that resolved over a short period of
time. Three months later she had a subsequent episode
that this time coursed with a left hemiparesis, again with
spontaneous remission. Magnetic resonance imaging
(MRI) disclosed bleeding in the topography of the right
cerebral peduncle, suggestive of a cavernoma (Figs. 59-1,
59-2, and 59-3). Because the patient remained neurologically intact at the time of consultation we decided on
a conservative treatment. Seven months later she experienced a third bleeding episode that, in spite of the volume of the hematoma, proved to be relatively benign
leaving the patient with mild third nerve palsy and a minor left hemiparesis.

Surgical Technique
The patient was placed in a supine position and a
pretemporal with orbitozygomatic resection was performed. The sylvian fissure and the basal cisterns were
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widely split and access to the anterior and lateral portions of the upper brain stem was provided. A sudden
hemosiderin staining could be identified as the right
cerebral peduncle and the oculomotor nerve were
exposed.
Access to the area around the cerebral peduncles can
be hampered by important anatomical variations of
neural structures (such as the position and shape of the
cerebral peduncle itself and of related neural elements),
of vascular structures (such as the variability of the cerebral vessels and the presence of a great number of arterial perforators), and also by anatomical variations of
the bony and dural structures (i.e., the position and
shape of the tentorial hiatus).
Luckily, in our case there were no exuberant veins,
nor perforating arteries (which are very common in this
topography, and in some cases, represent difficult obstacles to the brain stem approach) that could have held up
the exposure.
The third nerve was then identified and followed to its
apparent origin in the interpeduncular fossa. A small incision was performed in the cerebral peduncle in the
territory of its corticopontine fibers close to but also
lateral to the oculomotor nerve (Figs. 59-4 and 59-5).
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FIGURE 59–1 Preoperative magnetic resonance imaging
showing the first bleeding in the topography of the left cerebral peduncle (arrow).
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FIGURE 59–3 Preoperative magnetic resonance showing
the third episode of rebleeding.

Key Points
After careful microsurgical dissection the lesion was
localized, and its removal was begun.
The microsurgical removal was done piecemeal and
the lesion could be totally excised with minimum bleeding and preservation of the third nerve and of the adjacent structures.

Outcome
The postoperative course was extremely favorable. The
patient stayed in the intensive care unit for 2 days and
was discharged from the hospital on the seventh postoperative day. In the immediate postop she presented with
a mild left hemiparesis and a third nerve palsy, which improved over a period of 4 weeks. She is presently free of
symptoms. Postoperative MRI showed complete removal
of the lesion (Figs. 59-6 and 59-7).

The difficulty of this case lies in several aspects: the young
age and the risk of rebleeding (a patient such as this is
likely to have serious consequences from rebleedings
due to her high life expectancy), the patient´s good neurological status (the location of the lesion was likely to
produce devastating neurological deficits due to its proximity to vital neural structures), the very difficult surgical
location of the lesion (the surgical procedure itself could
render the patient severely disabled or even dead).1–5
The most important question in the decision-making
process was: Is it worth submitting a young patient, with
normal neurological exam to a very complex neurosurgical procedure with the risk of a postoperative deficit, if
the rebleeding may not be repeated in the future?
The second question was: What is the safest approach to this lesion, and what are the most important
difficulties?

Cerebral
peduncle
Corticopontine
fibers

FIGURE 59–2 Preoperative magnetic resonance imaging
showing the third episode of rebleeding (arrow).

Oculomotor
nerve

Lesion and the lateral
approach to it, lateral to the
third nerve

FIGURE 59–4 A histological section of the mesencencephalum showing the lateral approach to the third nerve and
its relation with the lesion.
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FIGURE 59-6 Pre- and postoperative magnetic resonance
images showing complete removal of the lesion.

FIGURE 59–5 A view of the brain stem and the topography of
the lesion.

In this case, the surgical indication was decided after
the conclusion that the risk of rebleeding and death was
greater than the surgical risk of morbidity.
Once the decision was made for surgical treatment,
the next step was to plan the surgical approach. The

pretemporal with orbitozygomatic resection is very useful because it gives the neurosurgeon a good view and
control of the structures around the anterior and lateral
aspects of the brain stem.
After localizing the oculomotor nerve and isolating the
perforating vessels to the brain stem, it was necessary to
approach directly; that is, to enter the neural tissue of the
cerebral peduncle, but the question of where remained.
As described elsewhere the best place is the corticopontine tract immediately lateral to the third nerve.4
The corticopontine fibers have projections that are
predominant to the face and when they are projected
to the limbs its representation is bilateral. For that reason it is possible to dissect the corticopontine fibers to
reach the lesion because these fibers do not have
unique projections to the limbs, meaning that injury to
a few corticopontine fibers may bring little or even no
neurological repercussion to the patient.
The careful analysis of the preoperative exams coupled with the knowledge of microsurgical techniques
and of microsurgical anatomy were crucial in determining the patient’s good outcome.

FIGURE 59–7 Postoperative magnetic resonance imaging taken at different levels.
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The importance of the knowledge of microsurgical
anatomy and of microsurgical techniques as well as
the selection of the best surgical approach cannot be
overemphasized here.
REFERENCES
1. Konovalov A, Samii M, Porter RW, et al. Brainstem cavernoma.
Surg Neurol 2000;54:418–421
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3. Kupersmith MJ, Kalish H, Epstein F, et al. Natural history of brainstem cavernous malformations. Neurosurgery 2001;48:47–53; discussion 53–54
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Comments
The authors are to be congratulated for nicely managing
this patient with cerebral peduncle cavernoma. The indication and timing of surgery to the cavernoma in the brain
stem remains controversial. For this particular patient,
because she was young and showed repeated bleeding, it
was good timing for direct removal of the lesion. Because
the cavernoma usually has a clear margin with a layer of
hemosiderin, surgical resection is possible once an optimal surgical approach is selected that does not interfere
with the neighboring vital neural structures. The difficult
point for this case is the location of the lesion. If the lesion
were situated lateral to the cerebral peducle, the subtemporal approach would be the best. If the patient had obstructive hydrocephalus, an approach via the third ventricle would be another option. The lesion was deeply
located in the medial part of the cerebral peduncle near
the origin of the oculomotor nerve. The fronto-orbitozygomatic approach was the right selection, in which,
although the lesion may be deep, the medial cerebral

peduncle is visible without retracting the lateral part of the
cerebral peduncle. As for the entering point, when the
lesion is not visible from the surface, it is difficult to decide
where to enter. In this case, one can enter medially and
just lateral to the origin of the oculomotor nerve. In a case
like this, electrophysiological mapping of the corticospinal tract utilizing the motor evoked potential may be
helpful. We have not had such a case, but we have had
cases with midbrain cavernous angioma resected via the
superior colliculus, in which the entering point was
decided after obtaining brain stem mapping with electrophysiological confirmation.
This case has many important issues regarding the
microsurgical anatomy of the brain stem, surgical approaches to it, and microsurgical techniques. Again,
congratulations on the nice surgical management of this
patient.
Kazuhiro Hongo and Shigeaki Kobayashi
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60
A Case of Cavernous Hemangioma in the
Brachium Pontis
KENJI OHATA, TOSHIHO TAKAMI, AND TAKEO GOTO

Diagnosis Cavernous hemangioma in the brachium pontis
Problem and tactics A cavernous hemangioma located in the inferomedial
part of the brachium pontis was resected with a transcerebellomedullary fissure (CMF) approach.1 During the surgery, it was difficult to open the fissure
to a sufficient width due to the anatomy of the posterior inferior cerebellar
artery (PICA). The lesion was accessed via a lateral recess.
Keywords Brachium pontis, cavernous hemangioma, transcerebellomedullary
fissure approach

Clinical Presentation
A 44-year-old man presented with sudden onset of gait
disturbance and a floating sensation, which had
improved for 10 days. On admission 4 months after onset,
no neurological deficit was apparent. Magnetic resonance imaging (MRI) revealed a cavernous hemangioma surrounded by hemosiderin-laden brain in the
inferomedial portion of the cerebellar peduncle on the
left side. The lesion was close to the ependymal surfaces
at the lateral wall of the fourth ventricle and lateral recess.
Left vertebral angiography showed that the bifurcation
of the vermian and tonsillohemispheric branches of the
posterior inferior cerebellar artery (PICA) was located
distal to the cranial loop (Fig. 60-1).

Surgical Technique
The patient was placed in the semiprone park-bench position on the right side with the head maximally flexed.
After standard midline suboccipital craniotomy with C1
laminectomy, the posterior fossa dura was opened with a
Y-shaped incision extending toward the level of the axis.
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The tonsil was dissected away from the uvula and
medulla oblongata on the left side. The bifurcation of
the vermian and tonsillohemispheric branches distal to
the choroidal branches was located on the posterior
medullary velum, and multiple small branches led off
from the posterior medullary segment of the left PICA
close to the taenia. Dissection of the cranial loop of the
PICA from the pial surfaces was therefore thought to be
excessively dangerous, preventing the wide opening of
the fourth ventricle from the foramen Magendie to the
foramen Luschka. Even if this could be achieved without
arterial damage, the bifurcation of the vermian and tonsillomedullary branches would necessarily have been in
the center of the route to the lesion, impairing direct
observation of the lesion and at risk of being damaged.
A subtonsillar approach via the lateral recess, laterally
to the cranial loop of the PICA, was used to access the lesion. After retracting the tonsil upward, the lateral recess was fully opened by dissecting the tela choroidea laterally to the foramen Luschka (Fig. 60-2A). The
dark-colored roof of the lateral recess was incised in linear fashion using a round knife (Fig. 60-2B). A relatively large intraparenchymal vein, running transversely
and receiving a vein from the lesion site, was first
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FIGURE 60–1 Preoperative images. (A) Axial T2-weighted
magnetic resonance imaging showing a cavernous hemangioma in the left cerebellar peduncle. (B) Left vertebral

angiogram showing the bifurcation of the posterior inferior
cerebellar artery located at the distal cranial loop (arrow).

FIGURE 60–2 Intraoperative photograms. (A) Lateral recess
lateral to the posterior inferior cerebellar artery (PICA)
(arrows) was being opened. (B) Roof of the lateral recess was
incised via a route lateral to the PICA (arrows). (C) An

intraparenchymal vein (arrowheads) was exposed. (D) The
cavernous hemangioma was removed beyond the intraparenchymal vein (arrowheads).
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FIGURE 60–2 (Continued) (E) The lesion was totally removed,
preserving the adjacent intraparenchymal vein (arrowheads).
(F) An avenue lateral to the PICA (arrows) was obtained by

remarkable retraction of the tonsil. Note that the microscopic
angle was closely parallel to the longitudinal axis of the
medulla oblongata (asterisk).

exposed (Fig. 60-2C). The hemangioma was carefully
and meticulously dissected from the gliotic neural tissue
and resected piecemeal (Fig. 60-2D). To expose the
dorsal surface of the lesion, the axis of the microscope
(Super OH/MM-2; Mitaka, Tokyo) was turned dorsally
as much as possible. In addition, the tonsil had to be significantly retracted. By these means, total removal of the
lesion was accomplished under direct vision, preserving
the vein adjacent to the lesion (Fig. 60-2E,F).

40 days after surgery. Postoperative MRI showed neither cerebellar contusion nor hemorrhagic infarction
(Fig. 60-3). During a 2-year follow-up, rehemorrhage
has not been detected neurologically or radiologically.

Key Points

No neurological symptoms or signs developed postoperatively. The patient started to work as a graphic designer

The ordinary midline suboccipital approach usually
requires the splitting of the inferior vermis, which may
cause severe irreversible neurological deficits including injury of the dentate nucleus.2 In the transcerebellomedullary fissure (trans-CMF) approach, the floor
of the fourth ventricle can be widely visualized up to
the aqueduct via uvulotonsillar and tonsillomedullary

FIGURE 60–3 Postoperative magnetic resonance imaging
(MRI) 1 year postsurgery. (A) Coronal T2-weighted MRI showing the tonsil of the lesion side was not atrophic, suggesting the
postoperative contusion was minimal. (B) Axial T2-weighted

MRI demonstrating that both the cerebellar peduncle and the
lateral wall of the fourth ventricle were well preserved. Low
intensity area in (A) and (B) was hemosiderin-laden brain
indicating total resection of cavernous hemangioma.

Outcome
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spaces created by dissecting the CMF as a natural
anatomical entry zone, without splitting the vermis.
Matsushima et al reported three different opening
procedures, including an extensive type via all uvulotonsillar and tonsillomedullary spaces on both sides, a
lateral wall type via these two spaces on one side, and a
lateral recess type via a single tonsillomedullary
space.1
In this case, we anticipated great difficulty in the surgical exposure of the lesion because it was located in the
inferomedial portion of the cerebellar peduncle, which
forms the roof of the lateral recess caudally and the lateral wall of the fourth ventricle medially. In the transCMF approach, it is not easy to obtain a direct view of a
dorsally located para/intraventricular lesion because
the patient’s body restricts the movement of microscope/surgeon and the retracted tonsil–uvula complex
forms the rostrocaudal limitation of the microscopic
view. Before the operation we planned to use mainly the
ipsilateral trans-CMF approach (lateral wall type approach), fully opening the fissure from the foramen
Magnum to the foramen Luschka and, if required, performing additional dissection of the contralateral CMF.
During the operation, however, the lesion was accessed
only via a lateral recess (lateral recess type approach)
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because of the anatomy of the PICA and its branches in
the CMF, although it was an ordinary variant.3 A contralateral trans-CMF approach via the lateral wall of the
ventricle with possible superficial extension of the lesion
might be an alternative route, but could not be used in
this case because of the positioning of the patient.
We strongly recommend that close attention be paid
to the anatomy of the PICA and its branches in selecting
the optimum route to a para/intraventricular lesion in a
trans-CMF approach. The PICA might be one of the
most important factors to consider when inducing a
wide opening of the fourth ventricle. We are very thankful to have had the use of the microscope with the
world’s smallest optical part, and for its flexibility in extending the reach of the microscope to allow a successful outcome in this case.
REFERENCES
1. Matsushima T, Inoue T, Inamura T, Natori Y, Ikezaki K, Fukui M.
Transcerebellomedullary fissure approach with special reference
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approach to the fourth ventricle. Neurol Res 1999;21:444–456

Comments
Ohata and co-workers describe this interesting case of
successful extirpation of a brachium pontis/cerebellar
cavernoma. Because the lesion was totally removed without complications in a demanding procedure, I consider
this a commendable result. Nevertheless, I wish to discuss
a few points that should be understood as an exchange of
opinions and surgical experience, not as criticism.
According to the axial MRI in Fig. 60-1, the cavernoma
was located predominantly within the cerebellum caudal
to the dentate nucleus and only partially within the
brachium pontis and inferior cerebellar peduncle. It thus
involved the lateral wall of the fourth ventricle at the level
of the lateral recess as mentioned in the text. One of the
difficulties in exposing such a lesion may have been the
semiprone park-bench position of the patient. The sitting
position more easily allows a lateral viewing trajectory because the microscope then has to be turned in the horizontal plane and not in the vertical plane, as it is with the
semiprone lateral position. Although performing a C1
laminectomy should not be considered a mistake, it is unnecessary to explore a lesion in this location because it offers no advantage. To explore the lateral recess of the
fourth ventricle, the authors have correctly pointed out
the unilateral opening of the cerebellomedullary fissure.
After dissecting this fissure, the lower vermis consisting of

the uvula and nodule can be gently retracted in an upward and ipsilateral direction, and the tela choroidea as
well as inferior medullary velum are widely exposed unilaterally. Small arterial branches of the PICA supplying
the tela can be coagulated and the tela is transected along
the taenia. The inferior medullary velum may be transected as well, if necessary. I use such an exposure in similar subependymal lesions as well as in fourth ventricular
tumors (i.e., in medulloblastomas). The tonsillomedullary
and the telovelotonsillar segments of the PICA can easily
be separated from the tonsil, which is retracted laterally
and slightly caudally. An opening from the foramen
Magendie to the foramen Luschka by retracting the tonsil
laterally and upward, as initially intended by the authors,
is limited by the arterial PICA complex, and this is what
they experienced during surgery. The approach would
have been less difficult with retracting the tonsil laterally
and caudally instead of upward. In this situation, the
surgical manipulation is done lateral to the PICA, while
the artery and its main branches of this region remain in
place. Such a supratonsillar (instead of the subtonsillar)
approach allows an excellent visualization of the lateral
recess region and also permits manipulation in the lateral
pons, the brachium pontis, and the cerebellum, as in the
present case.
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The large intraparenchymal vein encountered by the
authors that received a draining branch from the lesion
site corresponded either to an enlarged vein of the CMB
or, more probably, to an adjacent venous malformation.
It was consistent to preserve this vein, and the meticulous

dissection of the vascular malformation in close vicinity
to this vein has been nicely documented by the authors
in their Fig. 60-2.
Helmut Bertalanffy
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61
Cavernous Angioma in the Medulla
Oblongata Associated with
Venous Malformation
KAZUHIRO HONGO, YUKINARI KAKIZAWA, YUICHIRO TANAKA, AND SHIGEAKI KOBAYASHI

Diagnosis Cavernous angioma in the medulla oblongata associated with
venous angioma in the pons
Problems and Tactics A cavernous angioma in the posterolateral side of the
medulla oblongata was associated with a venous angioma in the pons.
Because the patient suffered from repeated hemorrhages, surgical resection of
the cavernous angioma was required while leaving the venous angioma intact.
Keywords Cavernous angioma, venous angioma, medulla oblongata,
surgery

Clinical Presentation
This 49-year-old man suffered headaches, dysarthria,
and dysphagia, and was found to have a hemorrhagic
cavernous angioma in the left medulla oblongata on
computed tomography (CT) and magnetic resonance
imaging (MRI). He was initially treated conservatively,
but repeated bleeding occurred over a 2-year period,
and the patient had transient neurological deficits,
including left facial weakness, and dysphagia. The latest
MRI and angiography indicated that the cavernous
angioma was located slightly caudal to the venous
angioma (Figs. 61–1, 61–2). A direct surgery of the cavernous angioma was therefore thought to be feasible.
He had no apparent neurological deficits preoperatively, except for mild dysarthria and left facial weakness.

Surgical Technique
Under general anesthesia, the patient was placed prone1
with his head flexed and fixed in a head frame. A

midline suboccipital approach was made with a linear
skin incision. The foramen magnum was opened and
then the dura mater was opened in a Y-shaped manner
down to just above the C1 laminae. An operating microscope was positioned and the surgeon operated on the
patient from the patient’s left caudal side. The cisterna
magna was opened, and the bilateral tonsils were visualized. Retracting each tonsil laterally, the obex and the
lower part of the floor of the fourth ventricle were exposed. The left cerebellomedullary fissure was opened,
and the floor of the fourth ventricle and left gracile tubercle were further exposed. The left lower part of the
floor of the fourth ventricle was yellowish, but no hematoma was visible (Fig. 61–3). Before incising the abnormal-looking ventricular floor, brain stem mapping was
performed to identify the location of the facial nucleus.
Because no positive responses were obtained from the
abnormal-looking area, it was incised longitudinally
6 mm lateral to the median raphe. Within 1 to 2 mm, the
hematoma cavity was entered. An old clot was evacuated
with a thin suction tube, and the surface of the angioma
appeared. The margin of the angioma was identified
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FIGURE 61–1 (A,B) Preoperative T2-weighted axial magnetic
resonance imaging (MRI) showing the lesion in the left posterolateral side of the medulla oblongata. (C,D) Preoperative

T1-weighted sagittal MRIs showing the cavernous anagioma
in the dorsal side of the medulla oblongata associated with an
abnormal vein traversing the pons.

FIGURE 61–2 A three-dimensional digital subtraction
angiogram showing the abnormal vein traversing the pons.

and dissection proceeded in the surgical plane. A small
cotton sheet was placed on the margin of the dissection
to protect the pontine parenchyma, and the angioma
was dissected using a cotton-wiping method; the surface
of the angioma was wiped away from the surrounding
structures using a small, thin, cotton sheet, Bemsheet®
(Osaka Kogyo Ltd. Co., Osaka, Japan). Fibrous structures and vascular connections were cut with microscissors. Inferomedially, the angioma was thin-walled,
bulged, and vascular rich. This part of the angioma was
coagulated to shrink it, and was dissescted from the
surrounding structure to minimize retraction of the
pons. There was a clear cleavage line between the parenchyma of the pons and the angioma; a hemosiderin
layer was present. The angioma was then dissected and
totally removed. Complete dissection was achieved with
a 6-mm long incision on the floor of the fourth ventricle. No abnormal vessels were encountered in the
venous angioma during this procedure. The dura mater
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nerve paresis, or motor weakness. Postoperative MRIs
revealed removal of the cavernous angioma without
compromising the venous angioma (Fig. 61–4). The
facial paresis disappeared within 2 weeks, and the
patient returned to his job as a pharmacist 3 weeks
later.

Key Points

FIGURE 61–3 Schematic drawing, showing the skin incision
and craniotomy and the operative sketch after dissecting the
left cerebellomedullary fissure. Slightly bulged yellowish area
is visible on the floor of the left side of the fourth ventricle.

was closed and the wound was closed in the standard
manner.

Outcome
Postoperatively, the patient showed mild left facial
weakness, House & Brackmann Grade 2, for 1 week,
but no deviation of protruding tongue, abducens

A

The key issues in this case include: (1) the cavernous
angioma being located in the medulla oblongata but
just near the surface of the medulla; (2) the venous
angioma being associated with the cavernous angioma
in close vicinity; (3) repeated hemorrhage; and (4) no
severe neurological deficits preoperatively.
Surgical intervention was indicated because the
patient had repeated symptomatic hemorrhages. The
lesion, a cavernous angioma, was present in the medulla
oblongata, but because it was not deep within the
medulla and the hematoma was situated near the
surface of the medulla, surgical resection was thought
feasible without injuring normal structures.
A detailed neuroimaging study revealed a venous
angioma in close proximity just rostral to the cavernous angioma. The association of the venous
angioma with the cavernous angioma is reported to be
as high as 14% angiographically and 100% intraoperatively.2 Surgery of the venous angioma is indicated
only when it bleeds massively. In our case, because the
venous angioma was just rostral to the cavernous
angioma, resection of the cavernous angioma without
compromising the venous angioma was judged possible,

B

FIGURE 61–4 Postoperative sagittal magnetic resonance imaging (T1-weighted, enhanced) showing the abnormal vein of the
venous angioma transversing the pons (A) and the removal cavity of the cavernous angioma without compromising the venous
angioma (B).
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justifying the direct surgical approach to the cavernous
angioma.
The midline suboccipital approach was selected because the lesion was located dorsally. The floor of the
fourth ventricle was exposed by opening the cerebellomedullary fissure without splitting the vermis.3 In this
case, the lesion did not protrude into the fourth ventricle,
but the entry point was easily determined because the
floor of the fourth ventricle just above the lesion appeared
yellowish. When the entry point is not apparent, electrophysiological brain stem mapping is quite helpful. Because an
underlying lesion may shift the normal anatomy, intraoperative brain stem mapping can identify a safe entry point.4

REFERENCES
1. Kobayashi S, Sugita K, Tanaka Y, Kyoshima K. Infratentorial
approach to the pineal region in the prone position: Concorde
position: technical note. J Neurosurg 1983;58:141–143
2. Porter RW, Detwiler PW, Spetzler RF, et al. Cavernous malformations of the brainstem: experience with 100 patients. J Neurosurg
1999;90:50–58
3. Matsushima T, Inoue T, Inamura T, Natori Y, Ikezaki K, Fukui M.
Transcerebellomedullary fissure approach with special reference to methods of dissecting the fissure. J Neurosurg 2001;94:
257–264
4. Morota N, Deletis V, Epstein FJ, et al. Brain stem mapping: neurophysiological localization of motor nuclei on the floor of the
fourth ventricle. Neurosurgery 1995;37:922–929

Comments
The authors present a 49-year-old man with headaches,
dysarthria, and dysphagia who was found to have a
cavernous malformation in the medulla. After repeated
episodes of bleeding, the patient underwent a midline
suboccipital craniotomy and a telovelotonsillar (cerebellomedullary) approach to this lesion, which appeared to
reach a posterior pial surface on MRI. After the brain
stem was mapped to identify the location of the facial
nucleus, the lesion was resected using a combination of
blunt and sharp dissection. The related venous anomaly
was spared. Mild dysarthria and transient facial nerve
paresis resolved quickly postoperatively, and the patient
resumed a normal life.
This case highlights several crucial aspects of the
management of patients with cavernous malformations
of the brain stem. In our experience with these lesions,1
brain stem cavernous malformations have a more aggressive natural history than lesions elsewhere because of their
location in exquisitely sensitive eloquent brain. This statement is true regardless of whether their actual rate of
hemorrhage is greater than that of their supratentorial
counterparts. We therefore advocate surgery for symptomatic patients if their lesions are accessible by virtue
of their proximity to a pial surface. We do not require
multiple episodes of hemorrhage as a criterion for surgery if the preceding two conditions are met. All patients
are warned preoperatively that they are likely to experience transient worsening of their symptoms after surgery
similar to another episode of hemorrhage.
We use the two-point method2 to select the approach
to a brain stem lesion. The center of the lesion is
marked with a point, as is the location where the hemosiderin ring abuts the pial surface. A line drawn between these points and out through the skull dictates
the surgical approach. The lesion is entered through a
small incision in the surface of the brain stem where
the hemosiderin staining is the most produced. Although brain stem monitoring has been advocated, we

have not found it to be of dramatic value in guiding resection.
We primarily use sharp dissection to remove a cavernous malformation from the surrounding tissue. Microsuction is used to maintain a dry field and to provide
gentle counteraction. Complete resection of the cavernous malformation is key in preventing recurrencerelated hemorrhage; however, no attempt should be made
to remove the surrounding hemosiderin-stained brain
stem tissue.
Finally, as the authors point out, care must be taken to
avoid damage to the related venous anomaly. In our
experience, this abnormal configuration of veins has
been present universally in the bed of brain stem cavernous malformations regardless of whether it is clearly
seen on preoperative imaging. This related venous structure is associated with a negligible hemorrhage rate and
drains normal surrounding brain parenchyma. Attempts
to resect such venous anomalies can have catastrophic
consequences.
Similar to the experience of the authors, we have found
that most brain stem cavernous malformations can be resected successfully with an acceptable rate of morbidity.
In our published experience,1 87% of patients were stable
or better at their most recent follow-up examination.
Although 35% of the patients experienced some postoperative morbidity, it resolved in most cases and only
12% experienced permanent deficits.
Richard E. Clatterbuck and Robert F. Spetzler

REFERENCES TO COMMENTS
1. Porter RW, Detwiler PW, Spetzler RF, et al. Cavernous malformations of the brainstem: experience with 100 patients. J Neurosurg
1999;90:50–58
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evaluating brain stem lesions. BNI Q 1996;12:20–24
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62
Intramedullary Spinal
Arteriovenous Malformation
PATRICK P. HAN AND ROBERT F. SPETZLER

Diagnosis Cervical intramedullary spinal arteriovenous malformation
Problems and Tactics A young woman with a C4–C5 intramedullary
spinal arteriovenous malformation1 had experienced two hemorrhages that
caused acute quadriplegia. Microsurgical excision was the treatment of
choice to eliminate the possibility of future hemorrhage and permanent
neurological deficit.
Keywords Spinal, arteriovenous malformation, intramedullary

Clinical Presentation
A 32-year-old woman with a cervical intramedullary arteriovenous malformation (AVM) sought treatment after two
hemorrhages had caused acute quadriplegia. Vertebral
angiography demonstrated the intramedullary AVM
localized to the level of C4 and C5 (Fig. 62–1).

Finally, gross-total excision of the AVM was performed
with elimination of the draining vein (Fig. 62–3). The
dura was closed with 6–0 Prolene (Ethicon, Johnson &
Johnson, Somerville, NJ) suture under microscopic visualization. The cervical lamina was replaced with Codman
miniplates. The SSEPs remained stable intraoperatively.
Postoperative angiography (Fig. 62–3B) confirmed total
elimination of the spinal AVM.

Surgical Technique
Outcome
After general endotracheal anesthesia was induced, the
patient was placed in the prone position. Somatosensory
evoked potentials (SSEPs) were monitored. A midline incision was made to expose the spinous processes and lamina from C3 to C6. Laminoplasty of the C4 and C5 laminae
was performed with a Midas Rex drill. The bone was set
aside for replacement at the end of the procedure. The
surgical microscope was brought into the field, and the
dura was opened in the midline and tacked up with 4–0
Nurolon (Ethicon, Johnson & Johnson, Somerville, NJ). A
midline myelotomy was performed and the pia was
retracted with 6–0 Prolene suture (Fig. 62–2). The AVM
was then visualized and its feeding arteries coagulated
with bipolar cauterization and cut with microscissors.

The patient’s postoperative course was uncomplicated.
She was discharged at her preoperative baseline neurological function.

Key Points
Spinal cord vascular lesions can be divided into three categories: neoplasms, aneurysms, and arteriovenous (AV)
lesions,1 which can be further subdivided into arteriovenous
fistulas and arteriovenous malformations (AVMs). The
AVMs are subdivided into extradural–intradural and
intradural malformations. The intradural lesions are
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FIGURE 62–1 (A) Preoperative lateral and (B) anteroposterior
vertebral angiograms demonstrate a C4–C5 intramedullary
spinal arteriovenous malformation. Reprinted from Spetzler RF,
Koos WT: Color Atlas of Microsurgery, vol. 3, 2nd ed. Stuttgart:
Thieme, 2000.

A

B

C

B

FIGURE 62–2 Intraoperative photographs demonstrate
(A) the posterior surface of the cervical spinal cord after the
dura has been opened and (B) exposure of the intramedullary
spinal arteriovenous malformation after midline myelotomy
and retraction of the pia mater. Reprinted from Spetzler RF,
Koos WT: Color Atlas of Microsurgery, vol. 3, 2nd ed. Stuttgart:
Thieme, 2000.

FIGURE 62–3 (A) Intraoperative photograph demonstrates
the resection cavity after the arteriovenous malformation
(AVM) has been removed. (B) Postoperative vertebral
angiogram confirms that the AVM has been eliminated.
(C) AVM specimen. Reprinted from Spetzler RF, Koos WT:
Color Atlas of Microsurgery, vol. 3, 2nd ed. Stuttgart: Thieme,
2000.
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further divided into intramedullary, intramedullary–
extramedullary, and conus medullaris AVMs. This case
represents an intramedullary AVM with a compact
nidus.
The most frequent presentation of intramedullary
AVMs is hemorrhage- or compression-induced myelopathy. Progressive myelopathy can be caused by ischemia
secondary to vascular steal by the AVM. Although magnetic resonance imaging can diagnose the AVM, spinal
angiography is needed to define the detailed angioarchitecture and to plan treatment.
Specific recommendations are helpful for treating
these lesions: (1) The correct exposure must be obtained to minimize damage to normal neural tissue
and can be achieved using the two-point method.2 (2)
Preoperative embolization is preferred. (3) Monitoring
SSEPs and selected motor evoked potentials can help
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optimize safe microsurgical resection. (4) The AVM
should be removed with sharp dissection; too little,
rather than too much, resection is preferred. Intraoperative spinal angiography can be used to identify residual
lesions.3 (5) The anterior spinal artery must be preserved. (6) We prefer laminoplasty when approaching
these lesions posteriorly to minimize postoperative
kyphosis.
REFERENCES
1. Spetzler RF, Detwiler PW, Riina HA, Porter RW. Modified
classification of spinal cord vascular lesions. J Neurosurg Spine
2002;96:145–156
2. Brown AP, Thompson BG, Spetzler RF. The two-point method:
evaluating brain stem lesions. BNI Q 1996;12:20–24
3. Schievink WI, Vishteh AG, McDougall CG, Spetzler RF. Intraoperative spinal angiography. J Neurosurg Spine 1999;90:48–51

Comments
Drs. Han and Spetzler illustrate a beautiful case of resection of intramedullary AVM. Their approach to the
spinal canal using laminotomy and reconstruction of the
lamina/spinous processes is a useful technique to prevent development of kyphosis in young patients. This
is particularly important when dealing with intramedullary lesions that compromise the segmental motor
output to the deep neck muscles. The musculoskeletal
tensile strength in the dorsal component of the cervical
spine is restored by reattachment of the deep neck muscles and formation of the fibrotic band over the spinous
processes.
Surgical extirpation of an intramedullary AVM is often
reserved until the patient’s function is severely impaired
by progressive ischemia of the cord or seriously threatened by repeated hemorrhages. More often the nidus
and the draining veins are infiltrating the parenchyma
of the cord, and extirpation would result in serious
deficits. In the presented case, by contrast, the AVM is
a combination of large aneurysmal dilatation and a

compact nidus and is discrete and amenable to sharp
dissection. Previous hemorrhages usually leave a plane of
gliosis, which also facilitates total resection.
For use of SSEP, it is technically demanding to record
good responses after starting maneuvers on the spinal
cord and especially during intramedullary resection. In
our practice, the potentials start to falter immediately
after midline myelotomy, and usually are not reliably
obtained after retraction of the dorsal columns even
with gentle pial tacking. Our candid view is that SSEP
may not be a reliable monitoring method for safe intramedullary resection, all the more because this method
does not monitor the condition of the anterior horn or
integrity of the corticospinal tract.
Drs. Han and Spetzler’s description of the procedure
and their specific technical recommendations present an
exemplary standard for techniques employed in resection
of intramedullary AVMs.
Phyo Kim

13830_C63.qxd

2/2/05

3:13 PM

Page 298

63
Large Intradural–Extramedullary
Cervical Spine Tumor
JONATHAN HOTT AND VOLKER K.H. SONNTAG

Diagnosis Schwannoma
Problems and Tactics A very large cervical tumor significantly distorted
the spinal cord of a 61-year-old woman. Diagnosis was delayed, and the patient was barely ambulatory with assistance. Urgent surgical treatment was
pursued in an attempt to preserve lower extremity function.
Keywords Schwannoma, cervical spine, laminoplasty

Clinical Presentation
A 61-year-old woman had a 3-year history of progressive
right lower extremity weakness and a 2-year history of
left arm numbness. She had experienced difficulty with
ambulation for 6 months and required a walker. Magnetic resonance imaging (MRI) showed a 1  1.5  4.5
cm, homogeneously enhancing mass that appeared to
be both intradural and extramedullary. It extended
eccentrically to the right from C5 to C7 (Fig. 63–1).

Surgical Technique
The patient was placed prone with slight capital flexion
in the Mayfield headholder (Codman Inc., Raynham,
MA). Electroencephalography (EEG) and somatosensory evoked potentials recorded before and after positioning showed no changes. A steroid bolus was administered
preoperatively.
A midline posterior cervical incision continued to the
cervical spinous processes and lamina. A cross-table lateral radiograph was used to verify localization. When
subperiosteal dissection was completed, self-retaining
retractors were placed with hooks and rubber bands attached to bilateral Leyla bars® (Aesculap, San Francisco,
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CA) to obtain a low-profile exposure. A microangle
curette was used to separate the ligamentum flavum
from the superior aspect of C4 and from the inferior
portion of C7 bilaterally to create an entry point for the
footplate B1 bit of the Midas Rex® drill (Midas Rex
Pneumatic Tools Inc., Fort Worth, TX).
While the assistant pulled up on the spinous processes
with a towel clamp, the laminoplasty was performed at
the laminar–lateral recess junction in two motions.
Drilling began at C7 and moved rostrally to C4 on one
side and then was repeated contralaterally. The laminoplasty segment was set aside for later replacement. The
bone edges were waxed. Two large Nu-Knit® (Johnson
& Johnson, Arlington, TX) strips covered with a cottonoid
patty were placed in each lateral gutter. A Spetzler
Microvac sucker (Medium Malleable Stainless Suction;
PMT Corp, Chanhassen, MN) was stapled to the drapes
and placed into the operative field for continuous
suction.
The operating microscope was brought into the surgical
field, and the dura was opened in the midline with a
No. 15 blade. The dural incision was extended rostrally
and caudally with a dural dissector. The dural leaflets were
tacked up bilaterally with 4–0 Nurolon (Ethicon, Johnson
& Johnson Professionals, Inc., Somerville, NJ). The dura
was then dissected from the underlying arachnoid.
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FIGURE 63–1 (A) Preoperative sagittal T1-weighted magnetic resonance imaging (MRI) shows an apparently thickened midcervical spinal cord. (B) Sagittal, (C) axial, and
(D) coronal MRIs show a large, homogeneously enhancing
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mass. The sagittal and axial images do not clearly indicate
whether the tumor is intra- or extramedullary. The coronal
image, however, clearly shows an extramedullary lesion
compressing the spinal cord on the right.
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A large tannish-brown tumor occupied about three
quarters of the spinal canal on the right side and displaced the spinal cord significantly. The tumor appeared
to arise from the dorsal and ventral nerve roots, making
its removal a logistical challenge. First, the rostral and
caudal extents of the tumor where the subarachnoid
space appeared were identified. Resection began in the
caudal space where the dorsal roots could be spread
most widely and the arachnoid plane over the tumor
could be cut. The tumor was initially incised along its
caudal edge with a No. 11 blade, and a sample was sent
for pathological analysis.
The Cavitron Ultrasonic Aspirator (CUSA) or Selector(R) (Elekta, Atlanta, GA) was used to remove a small
portion of the tumor from the caudal pole. This maneuver allowed the more medial portions of the tumor to be
folded gently away from the spinal cord. Portions were
then cut with a pair of Yasargil scissors (Electron
Microscopy Sciences, Fort Washington, PA) and a No. 11
blade. To free the tumor, portions of it were pulled
sequentially from rostrally to caudally.
The tumor was removed in a piecemeal fashion by
pulling it away from the spinal cord and then debulked with the CUSA. The dorsal nerve root, which
appeared to contribute to the tumor, was cauterized
and cut. The spinal cord was rotated slightly to the left
by applying traction to the dentate ligament so the
remaining rostral anteromedial portion of the tumor
could be removed.

FIGURE 63–2 Postoperative sagittal magnetic resonance
imaging with contrast shows gross-total resection of the tumor
and the decompressed spinal cord.

The dura was closed in a watertight fashion with running 6–0 Prolene suture (Ethicon, Johnson & Johnson
Professionals, Inc., Somerville, NJ) under the microscope. Fibrin glue was placed over the suture line. The
laminar segment was affixed to the lateral masses with
eight sets of titanium miniplates and screws. The wound
was closed in multiple layers.

Outcome
The patient’s postoperative course was uneventful. Postoperative MRI (Fig. 63–2) confirmed complete tumor
resection. Postoperative radiography (Fig. 63–3) showed
appropriate restoration of the bony anatomy. The patient’s upper and lower extremity strength improved,
and she now relies less on her walker to ambulate. She is
receiving physical therapy.

Key Points
Ventral exposure to the tumor was achieved by two
maneuvers. First, rotating the table away from the

FIGURE 63–3 Postoperative coronal radiograph shows
laminoplasty with titanium plates and screws.
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surgeon increased the view between the dorsal spinal
cord and ventral dura. Further ventral exposure was
achieved by cutting the dentate ligaments laterally at
their dural attachment.1 Attaching sutures to the ligament and applying gentle countertraction on the suture
enabled additional ventral exposure.
A bloodless surgical field is essential. We use a Spetzler
Microvac sucker, which is stapled to the surgical drapes
and contoured into the operative field. This strategy
decreases the need for continual suction during the
procedure.
We prefer to use a laminoplasty, even in adults. Our
patient’s cervical lordosis was abnormal, and laminoplasty may help prevent postlaminectomy kyphosis. The
laminoplasty is affixed with titanium miniplates.2 Longterm instability theoretically should be minimized. Furthermore, the risks of a postoperative cerebrospinal
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fluid leak and postoperative pain syndromes caused by
adhesion of the cervical musculature to the pain-sensitive
dura should be reduced.
When biopsy confirms a benign tumor, complete
resection should be the goal. If the tumor is small, an
anterior or posterior approach is satisfactory. If the
tumor is extensive, a combined anterior and posterior
approach with spinal reconstruction is often necessary.
REFERENCES
1. Freeman TB, Cahill DW. Tumors of the meninges, cauda equina,
and spinal nerves. In Menezes AH, Sonntag VKH, eds. Principles
of Spinal Surgery. Vol 2. New York: McGraw-Hill; 1996:1371–1386
2. O’Brien MF, Peterson D, Casey AT, Crockard HA. A novel technique for laminoplasty augmentation of spinal canal area titanium
miniplate stabilization: a computerized morphometric analysis.
Spine 1996;21:474–484

Comments
Drs. Hott and Sonntag narrate an elegant operation for
a large cervical intradural schwannoma, which caused
an imminent threat to the patient’s motor function. Total excision of such schwannomas can be a challenge
even for an experienced spine surgeon if the tumor is
very large in size and attenuating the cord. This is especially true when the mass is located ventrally to the cord
and covered by the flattened parenchyme. Contrary to
common belief, we often encounter schwannomas arising from the ventral roots. In fact, a classic autopsy
study1 reported that one third of these tumors originate
from the ventral roots. Meticulous and refined microsurgical methods are detailed in this case report (i.e., cutting
the dentate ligaments for several segments, and mobilizing the cord away from the mass). The technique is very
useful for ventrally located tumors as well; after some reduction of the bulk, and by rotating the cord, the mass
can be drawn into the field. When the tumor is separated from the cord, the root of origin should be identified. With the host root divided into rootlets, the one
giving rise to the tumor is cut selectively. The rootlets
attached on the surface but not involved in the mass
certainly should be saved intact. After completing
these procedures, the tumor becomes amenable to a
gentle traction and can be delivered out gradually. We
infrequently see the tumor growing inside the cord from
the root entry zone, which needs to be removed using
techniques appropriate for intramedullary tumor.
Of specific interest is the functional status of the host
root, which is to be sacrificed for complete tumor removal and for prevention of recurrence. In the majority
of the cases, sectioning the host root does not result in a
focal motor or sensory deficit, even if it is located in levels critical for control of the extremities such as C5 to T1

or L3 to S1.2 It is our routine practice to remove the
tumor totally together with the host rootlet after meticulous separation.
For access to the intraspinal cavity and closure, the
authors employ en bloc laminotomy and laminoplastic
reconstruction. When dealing with tumors in younger
adults, especially intramedullary tumors, which compromise motor output to the deep back muscles, reconstruction of the posterior structure is important for prevention
of deformity. We use a midline splitting, French-door
laminoplastic approach, both for intra- and extramedullary tumors. Our routine is to insert hydroxyapatite implants made in the shape of the spinous process between
the laminal flaps. The technique allows reconstruction of
the posterior component and reattachment of the back
muscles. We have employed this method for more than
130 cases of tumors in the past 10 years, and we have yet
to observe a progressive kyphosis.
Drs. Hott and Sonntag’s description of the procedure
and technical recommendations present an exemplary
standard and contain very helpful advice for resection of
spinal cord schwannoma, which quite often can demand
a great deal of judgment and expertise for safe and thorough removal.
Phyo Kim
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64
Spinal Meningioma
MARC PIERRE SINDOU AND JORGE ALVERNIA

Diagnosis Premedullary cervical meningioma removed through anterior
transcorporeal approach
Problems and Tactics A premedullary anterior middle (C5–C6) cervical
meningioma with symptoms and signs of spinal cord compression was
found in a 70-year-old man. Due to the strict anterior-median location and
because of an important protrusion of the tumor inside the ventral aspect of
the spinal cord, a transcorporal cervical approach was decided upon for
surgical removal.
The steps included cervical corpectomy through an anterolateral (right)
cervical approach, intradural gross tumor resection, and cervical interbody
fusion with iliac crest autogenous graft and plate fixation.
Keywords Premedullary cervical meningioma, spinal meningiomas, cervical
spinal corpectomy, fixation

Clinical Presentation
This 70-year-old man with a 3-year history of distal and
numbness in the upper and lower extremities was referred
because he presented disabling weakness in his left leg
and burning pain in the left shoulder for 9 months.
Clinical examination found left leg paresis ( 45 ) with propioceptive deficit in the lower extremities. Magnetic resonance imaging (MRI) showed a C5 and C6 premedullary,
well-demarcated midline located mass compressing and
displacing posteriorly the anterior aspect of the spinal
cord. This lesion, suspected to be a meningioma tumor,
was occupying nearly all the spinal canal (Fig. 64–1).

Surgical Technique
Surgery was performed under general endotracheal
anesthesia. A 3-kg cervical traction was fixed and the
level of the C4, C5, and C6 vertebral bodies identified
under x-ray fluoroscopy. The neck was prepared with an
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antiseptic solution and draped for an anterolateral
(right side) cervical approach. After a 7-cm (right)
paralleled sternocleidomastoid cutaneous incision,
platysma, and superficial cervical fascia were incised.
The interspaces between the trachea and esophagus
medially and carotid artery, laterally, were then separated. After confirmation of the C4 to C6 levels with a
lateral cervical spine x-ray fluoroscopy, the prevertebral
cervical fascia overlying the C4, C5, and C6 bodies was
incised and the corresponding longus colli muscles were
elevated along their medial border to fully expose the
C4–C5 and C5–C6 disk interspaces. Retractors were inserted into the longus colli muscles and the C4–C5 and
C5–C6 anterior annuli were incised. The operating
microscope was used for the remainder of the diskectomies. The disks were removed using intervertebral
disk rongeurs and curettes. The entire C5 body, and also
the C4 inferior half and the C6 superior half bodies,
were drilled off. The posterior longitudinal ligament
was resected to expose the dura, which was longitudinally incised on the midline. A 3-cm diameter intradurally
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FIGURE 64–1 This T2 magnetic resonance imaging sagittal
section of the cervical spine shows the premedullary meningioma at the level of C5 and C6 embedded in the anterior
aspect of the spinal cord.

and premedullary—strictly anterior and median—
meningioma was found in regard to C5, with a little
extension toward C4 and C6 vertebrae. The nature of the
tumor was confirmed by extemporaneous pathological
analysis. The anterior cervical dural base of the meningioma was nonresected but intensively coagulated with
the bipolar forceps, taking care not to have heating diffusion to the cerebrospinal fluid (CSF) and the spinal cord.
A well-delineated arachnoidal plane between the tumor
capsule and the spinal cord pia was found and carefully
preserved. The anterior spinal artery was seen through
the arachnoid; there was no evident feeder from the anterior spinal artery to the tumor. A total-gross (piecemeal)
resection was performed, achieving a Simpson Grade II
removal. After removal, one could notice an important
groove inside the ventral aspect of the spinal cord, which
still occupied only 20% of the spinal canal, but there was
no sign of particular vascular damage of the cord. The
dura was then closed in a watertight fashion. A 14-mm tricortical autograft was harvested from the right anterior
and superior iliac crest and placed in the intervertebral
space, under traction applied to the head. Then a C4–C6
anterior plate fixation with four vertebral bicortical and
two unicortical graft screws, was performed.
Radiological x-ray control of the cervical bone graft
and fixation was made at the end of surgery to ascertain
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FIGURE 64–2 X-ray control (lateral view) of the cervical
spine to check the correct placement of the iliac crest autograph at C5, as well as the C4–C5–C6 plate fixation.

quality (Fig. 64–2). A deep cervical intermuscular
siphon drain and a right subcutaneous iliac crest suction
drain were left for 24 hours.

Outcome
The postoperative course was uneventful. The patient was
discharged on the tenth postoperative day without any
deficit. After surgery, a hard collar was applied and worn
for a period of 2 months. The outpatient clinic on the
term of the second month showed an excellent neurological recovery of signs and symptoms. The x-ray control showed a normal cervical physiological lordosis.
Absence of tumor remnant was checked on MRI control
(Fig. 64–3). The patient was advised to lead a normal life.

Key Points
This is a rare case of a strictly anterior and midline location
of a meningioma in relation to the spinal cord. In Nittner’s
review of the literature, 75% of spine meningiomas were
located laterally to the cord, whereas 9% were dorsal,
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FIGURE 64–3 Postoperative sagittal T2 magnetic resonance
imaging confirming complete tumor removal. No pathological
signals are demonstrated within the spinal cord at the site of
the operation.

4% only ventral, and the remainder extended into more
than one area.1 Levy et al found that meningiomas were
more likely to arise anterior to the spinal cord in the cervical, as compared with the thoracic region. Eleven of 13
tumors in the cervical region were anterior to the cord,
whereas in the thoracic region 22 were anterior and 45
posterior.4 From these reviews, it is clear that most tumors
tended to be positioned laterally and/or posteriorly to
the cord; those anteriorly located were in almost all
cases inserted anterolaterally. In most cases of the reported series, the surgical approach had been done
posteriorly through a laminectomy or posterolaterally
through a hemilaminectomy.2
Despite general agreement in the literature for a posterior or a posterolateral approach for all types of spinal

meningiomas, we considered it wise in this case to perform an anterior cervical transcorporal approach because
of the strictly anterior localization of the tumor and its
strongly embedded location inside the ventral aspect of
the spinal cord. The posterior approach entails serious
risks of aggravation whatever the location might be. Review of overall posterior approaches shows that the risk
of increased neurological deficit is between 4.5% and
7% and death postoperatively between 1.4% and 3%,
according to series 1 to 4. These percentages would
probably be higher for the meningiomas located anteriorly to the cord; but this particular group had not been
studied independently in the literature reviews.
We also preferred not to resect the dural insertion
of the tumor, not to have to perform a risky reconstruction of the dural sheath, or to face a secondary
CSF fistula. In the Solero et al review of series (174 patients followed from 4 to 17 years after surgical removal), the rate of recurrence was 6%. Recurrences
ocurred in 2 of the 25 patients who had resection of
the dural attachment, and in 7 of the 125 patients with
coagulation of the dural attachment.3 In the series reported by Levy et al (97 spinal meningiomas), the recurrence rate was 4%. There were no recurrences for
the 15 ventral tumors in which the dura was only cauterized and one recurrence in the 80 patients in whom
complete removal of the dural attachment was performed.4 From these figures, we can consider that
there are no significative differences between dural resection and coagulation for avoiding subsequent spinal
meningioma recurrence.
For our case we preferred to harvest an iliac crest
autograft; but a fibular autograft could also be used. We
also decided to add plate fixation in this particular case
because of the importantce of the bone resection.
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Comments
I would like to congratulate the authors on their successful removal of a “strictly anterior located meningioma”

at the C5 vertebral level by an anterior transcorporeal
approach.
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To convince the readers that this was truly a rare case
of a strictly midline location of a meningioma, however,
and that an anterior approach was mandatory, the authors should have provided axial images of MRI or CT
myelography. If not strictly on midline, that is with a
slight lateral extension one can use a left unilateral posterior approach with osteoplastic laminoplasty and the
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tumor resection could have been conducted between
the roots. In the presented case where the spinal canal
was wide, a posterolateral approach can be safely performed by an experienced neurosurgeon with lesser
complications.
Hiroshi Nakagawa
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65
A Case of Complex Chordoma of
the Mid and Upper Cervical Spine
in an 11-Year-Old
ARNOLD H. MENEZES

Diagnosis Pediatric cervical spine chordoma
Problems and Tactics A complex pediatric upper cervical dumbbell
chordoma presented with severe spinal cord compression and engulfed the
vertebral artery breaking into the retropharyngeal space. Dorsal cervical
cord decompression with osteoplastic laminectomy relieved the cord compression but new neurological symptoms arose. Instability, complicated with
the sinking in of laminoplasty and the need for gross-total resection led to
two surgical procedures to give the best result.
Keywords Pediatric vertebral tumors, cervical chordomas, spinal cord
compression

Clinical Presentation
This 11-year-old boy had neck pain, occipital headaches,
and left arm weakness of 6 weeks’ duration. A huge intradural and extradural spinal chordoma was visualized
on magnetic resonance imaging (MRI) with cervical
cord compression to the right and tumor extending
through the lateral aspect of the C3 and C4 vertebral
bodies, engulfing the left vertebral artery and also presenting retropharyngeally (Fig. 65–1A,B).
The patient underwent C2–C5 laminectomy for tumor
within the spinal canal and the osteoplastic laminectomy
was sutured in place. The patient had no left biceps and
deltoid function postoperatively with absent pain sensation in the C5 and C6 distributions on the left. He had
improvement in his quadriparesis. Severe left arm pain
required narcotic analgesics. He presented to us for
further care.
MRI revealed midcervical kyphosis and relief of the
spinal cord compression but with enhancement in the
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lateral gutters within the spinal canal (Fig. 65–2A). Thinsection cervical spine computed tomography (CT) demonstrated the ventrally migrated osteoplastic laminectomy
with encroachment into the neural foramen on the left
side (Fig. 65–2B). There was tumor in the neural foramen engulfing the vertebral artery and tumor replacing
the left half of the C3 and C4 vertebral bodies. Selective
vertebral angiography identified the major feeders to
the tumor and these were embolized. The patient tolerated test occlusion of the left vertebral artery, which was
likewise engulfed with tumor (Fig. 65–3).

Surgical Technique
First Operation
Crown halo cervical traction at 7 lbs was applied with
sedation, and somatosensory evoked responses were
unchanged. Nasal endotracheal general anesthesia
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FIGURE 65–1 Composites of T2-weighted magnetic resonance imaging in (A) sagittal and parasagittal and (B) axial
planes at the level of the C3 and C4 vertebral bodies. The
chordoma fills the spinal canal with gross compression of the

spinal cord to the dorsal right of the midline. The tumor proceeds through the left lateral aspect of the C3 vertebral body,
engulfing the left vertebral artery to present in the retropharyngeal space.

ensued, and the patient was positioned prone and
fixated with cervical traction in place. The posterior cervical incision was reopened. The laminae at C4 and C5
had “dropped” into the spinal canal. There was instability between C3 and C5. Significant adhesions were
encountered between the spinal cord and the dura, as

well as among the nerve roots. Neurolysis was accomplished on the left between the C4–C6 roots. There was
good contraction obtained of the deltoid as well as the
biceps with stimulation of the C5 and C6 nerve roots.
The laminae were replaced and fixated with a miniplate
system. A right lateral mass fusion between C3 and C6
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A

FIGURE 65–2 (A) Midsagittal T2-weighted magnetic resonance
imaging of the cervical spine made after the initial operative intervention.
Note the midcervical kyphosis and canal stenosis with residual tumor
anteriorly. (B) Composite of axial computed tomography through (left)
the plane of C6 and (right) C5 vertebral bodies. The “osteoplastic
laminectomy” has migrated ventrally into the spinal canal with intrusion of the neural foramen at C5.

B

was made using facet screws and a lateral mass plate.
The patient’s biceps and left deltoid function recovered
over the next few days and his arm pain subsided.

Second Operation
Four days later the patient underwent the second operative procedure. He was placed supine with cervical traction being maintained via the existing halo ring at 7 lbs.

A left lateral extrapharyngeal anterolateral approach was
made to the upper and mid cervical vertebrae to gain
access to the left vertebral artery at the foramen transversarium and also excision of the tumor with an interbody
fusion to be made. The tumor presented beneath the left
longus colli, which was displaced medially, and the
scalenus muscle group, which was displaced laterally.
The longus colli dissection was carried medially and the
scalenus displaced laterally. The vertical extent of the
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FIGURE 65–3 Left vertebral artery subtraction angiogram
demonstrating tumor feeders from branches of the vertebral
artery.

A

FIGURE 65–4 (A) Operative photomicrograph of the left lateral extrapharyngeal approach to the ventrolateral cervical
spine. The tumor is within the small arrows. The longus colli
muscle is displaced medially. (B) Operative photomicrograph
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tumor was 6 cm with the transverse component 3 cm.
The ventral bony aspect of foramen transversarium was
absent at C3 and C4. The tumor extended to the transverse process at C2 and medially to the midline. The tumor was resected with its capsule into the intervertebral
foramen from C2 down to C5. The thrombosed and embolized left vertebral artery was encountered and tumor
was removed in a circumferential manner from around it.
Gross-total resection was made (Fig. 65–4A,B).
The lateral aspect of the C3 and C4 vertebral bodies
was removed with a high speed drill as well as the ventral aspect of the foramen transversarium at C4 and
C5. The intervertebral disks were removed between
the C2 and C5 vertebral bodies. The fresh bone recipient bed composed of the lateral aspect of the C3 and
C4 vertebral bodies and the posterior portion of the
foramen transversarium extended superiorly to C2
and inferiorly to C5. An iliac crest allograft was fitted
into the recipient space. The longus colli and scalenus
muscles were approximated over the graft. The
patient was maintained in a cervico-thoracic brace
postoperatively.

B

after gross tumor resection. The thrombosed vertebral artery
is identified with the large arrow and the exposure spans C2
to C5 vertebral bodies.
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FIGURE 65–5 Lateral cervical spine radiograph obtained
intraoperatively following the second operative procedure and
tumor removal. Note the coils within the vertebral artery as
well as their branches and the lateral mass plates and screws
between C3 and C6 with correction of the cervical kyphosis.
A bone graft is seen between C2 and the superior aspect of
C5 along the vertebral bodies.

Outcome
The left arm pain and the left biceps and deltoid function recovered between the first and second operation
over a span of 3 days. The patient showed gradual recovery of his neurological deficit. A lateral cervical spine
radiograph at the end of the second operation showed
straightening of the cervical kyphosis (Fig. 65–5). The
postoperative MRI showed no tumor. He underwent
proton beam radiation 10 weeks postoperative.

Key Points
Chordomas are rare, aggressive, and locally destructive
tumors of presumed notochordal origin that arise along
the vertebral axis.1 Craniovertebral and spinal chordomas
in children below the age of 5 have a grave prognosis;
however, gross resection followed by proton beam therapy
has the best prognosis in the older child.2

This boy presented with a huge intraspinal component
of tumor with very significant spinal cord compression
and neurological deficit. His initial operative procedure
was well designed and performed. The occurrence of
a new neurological deficit referable to the C5 and C6
nerve roots on the left with accompanying severe pain
required an explanation. Thus, with the initial evaluation after his initial operation, the first procedure done
was thin section CT of the cervical spine. The laminoplasty had migrated ventrally encroaching on the C5
and C6 nerve roots on the left, thus explaining the postoperative symptoms. Osteoplastic laminectomy is recommended in the pediatric age group when spinal canal
exposure is required for more than two to three
segments. This prevents the muscle scarring over the
dura and subsequently may allow the dorsal spinal
elements to be utilized in fusion constructs should this
be necessary; however, the key is satisfactory fixation of
the laminae without compromise of the spinal canal.
This patient’s neurological symptoms were immediately
relieved with decompression of the nerve roots with
repositioning of the laminae. The intradural procedure
with our first operation accomplished this and also guaranteed a spinal canal free of tumor.
The significant cervical kyphosis was corrected with
a lateral mass plate and screw fixation on the side opposite the tumor. Cervical instability, both at presentation
and as a delayed phenomenon is anticipated and
should be treated with stabilization for a long-term
outlook.3
The lateral extrapharyngeal approach to the ventral
cervical spine as well as the lateral aspect of the cervical
spine gives exposure to the vertebral bodies, the foramen transversarium, the vertebral artery, and the lateral
aspect of the spinal canal. Tumor resection for chordoma should be extracapsular, and thus an extensile
exposure was mandated. Tumor removal was facilitated
by prior surgical neurangiographic embolization.4 Stabilization during the first and second operative procedures (prone and supine, respectively) was ensured with
crown halo cervical traction allowing the posterior cervical
instrumentation as well as the anterior intervertebral
body fusion. The focus radiation therapy was delayed for
10 weeks to allow for osseous integration of the bone
grafts.
It is difficult to cure a child with spinal chordoma by
surgical resection alone. There is no single operative
procedure that can be used for all chordomas. The location of the tumor is the single most important factor in
determining the approach. In some cases, as in this individual, several different approaches are necessary for
adequate resection.1 The overall rate of morbidity associated with management must be weighed against the
rate of recurrence and the extent of tumor resection.
A close follow-up with postoperative imaging is essential
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and may be needed every 3 months for the first 2 years,
especially for aggressive lesions.
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Comments
This is a very difficult case that has been exceptionally
well managed. The patient has previously been operated
with postoperative problems that have been perfectly
resolved by Dr. Menezes. When reading this case report,
I enjoyed the precise surgical strategy. Nothing was left
to hazard. Two-staged surgeries were necessary and it
was logical to start with a posterior approach to decompress the spinal cord as well as C5 and C6 nerve roots
and replacing the laminae in a right position with fixation.
In an 11-year-old child, laminotomy is recommended
rather than laminectomy to avoid postoperative kyphosis.
The second operative procedure was to perform a grosstotal resection of the tumor, which was entering the
retropharyngeal space and engulfing the left vertebral

artery. The author has wisely studied whether the patient
tolerated test occlusion of the left vertebral artery, although selective angiography identified the major
feeders to the tumor and these were embolized. Thus
he could resect the tumor with its capsule into the
intervertebral foramen from C2 to C5 together with
the thrombosed and embolized left vertebral artery. At
the final stage, an iliac crest allograft was fitted into the
recipient space.
Complementary proton beam therapy, when possible,
is also the best adjunct therapy in these very aggressive
tumors.
Jacques Brotchi
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66
Intraosseous Tumor of the Cervical Spine
JONATHAN HOTT AND VOLKER K.H. SONNTAG

Diagnosis Schwannoma
Problems and Tactics Extensive bony destruction of the cervical vertebrae
at C5 was identified after a man fell 20 feet. Further evaluation revealed an
intradural–extradural tumor encasing the vertebral artery. Surgery was
planned in two stages for tumor resection and anteroposterior reconstruction of the cervical spine.
Keywords Schwannoma, cervical spine, lateral mass plates, corpectomy,
instrumentation

Clinical Presentation
A healthy 51-year-old man fell 20 feet off a ladder and
immediately experienced neck pain radiating to his right
shoulder. He was admitted through the trauma service,
where radiographs revealed a C5 compression fracture.
Computed tomography (CT) confirmed the fracture with
bone remodeling and an enlarged C4–C5 neural foramen
(Fig. 66–1). Magnetic resonance imaging (MRI) revealed
a very large cervical tumor extending from C3 to C5 and
exiting through the right C4–C5 neural foramen. The tumor involved both the intradural and the extradural compartments (Fig. 66–2). Angiography was performed to assess the involvement of the vertebral artery.

Surgical Technique
The patient was placed in the prone position in the
Mayfield headholder (Codman, Inc., Raynham, MA).
Somatosensory evoked potentials (SSEPs) recorded
before and after positioning showed no changes. The
patient’s cervical spine was placed in a neutral position
under fluoroscopic guidance.
A midline posterior cervical incision was carried down
to the spinous processes. Fluoroscopy was used to
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confirm the appropriate levels. Subperiosteal dissection
continued over the lamina and to the lateral extent of
the lateral masses from C3 to C7. The point 1 mm
medial to the absolute midpoint of the lateral masses
was marked, followed by decortication with an awl for
later placement of the lateral mass screw. The Anspach
M8 drill bit (Anspach, Palm Beach Gardens, FL) was
used for a bilateral C3–C5 laminectomy. There was evidence of the extradural component of the tumor and its
extension to the lateral mass plates. On the right, the
C4–C5 facet was loose and floating, and the pedicle was
eroded anteriorly by the tumor. The right C4–C5 facet
and inferior aspect of the C3 facet were resected to
maximize the exposure. After hemostasis was achieved,
the microscope was brought into the operative field.
The extent of the lesion was delineated, and a significant intradural portion was noted. A midline durotomy
performed with a blade was extended with a dental tool.
The dura was tented to protect the neural elements from
the blade. When the dura was opened, several nerve roots
were intimately involved with the tumor, particularly the
sensory nerve root of C5. A yellowish, fatty tumor was consistent with a schwannoma or neurofibroma.
The dissection plane was developed between the
exiting nerve roots and spinal cord, and the tumor was
gently dissected. The tumor was freed from the neural
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FIGURE 66–1 (A) Preoperative axial and (B) sagittal cervical
computed tomographic scans show destruction and erosion
of the C5 vertebral body with involvement of the posterior

elements. On the right, the eroded and expanded neural foramen is impressive.

elements without retracting the latter and placed in
continuity with the large mass laterally. The tumor was
then bipolar cauterized along its longitudinal axis and
opened with a blade in a longitudinal fashion. A biopsy
specimen was consistent with a nerve sheath tumor.
The tumor was debulked in a piecemeal fashion from
within, working inside the tumor capsule. The center

portion was debulked to a thin rim of tumor and capsule
and further dissected from the spinal cord, which was
severely indented. In this fashion, the medial bulk of the
tumor was dissected along its rostral and caudal extents.
When the tumor was mobilized laterally, extensive bleeding from the epidural venous plexus was encountered.
The bleeding was controlled with Avitene® (MecChem,
Woburn, MA) and pressure was applied with patties.
After the spinal cord was decompressed, attention was
focused on the lateral extent of the tumor. Based on the
patient’s angiogram, the vertebral artery was identified at
C5–C6. The tumor was dissected completely free from
the vertebral artery in a stepwise fashion using a combination of bipolar cauterization and microscissors. The
tumor was debulked significantly from the core and
separated from the spinal cord, nerve roots, and vertebral
artery. The tumor was mobilized for complete resection
and cauterized, and its remaining attachments were cut.
The tumor remained encapsulated at the neural foramen
of C5. Stimulation of the C4 and C6 nerve roots elicited
gross movement. However, stimulation of the dorsal and
ventral roots of C5 elicited no activity, indicating that the
C5 nerve root was nonfunctional. The remaining tumor
was then resected en bloc from the C5 foramen.
The resection bed was irrigated thoroughly until no
blood remained within the spinal canal and spinal cord.
The dura was reapproximated with a patch of bovine
pericardium and 4–0 Neurolon (Ethicon, Johnson &
Johnson Professionals, Inc., Somerville, NJ) suture in a
watertight fashion. Fibrin glue along the suture line
augmented the closure.
When the tumor resection was completed, the
decorticated awl marks from the previous portion of the
surgery were identified. These marks were placed 1 mm

FIGURE 66–2 Preoperative axial magnetic resonance imaging with contrast shows an enhancing lesion involving the
vertebral body, spinal canal, and lateral mass on the right
side. The lesion encases the right vertebral artery.
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medial to the midportion of the facet. The Synthes
Cervifix System (Synthes USA, Paoli, PA) was used for
arthrodesis. The handheld drill guide was preset to
10 mm and angled 30 degrees in the sagittal and transverse
planes to avoid injury to the vertebral artery or neural foramen. A depth gauge used to measure the length of the pilot hole confirmed that it was 10 mm on the right side at C3
and C6, given that the pars interarticularis of C4 and C5
was destroyed by the tumor. A similar process was performed on the left side at C3, C4, C5, and C6.
Each hole was tapped and a 12-mm screw was
placed. Before the screws were inserted, the placement site of the rod with the articulating rings was
preset to allow flexibility for aligning the screw–rod
construct. The screws were tightened until flush and
anchored with good purchase. The facets on the left
were roughened, and corticocancellous autograft
obtained from the laminectomy was placed over the
facet joints for the fusion. C-arm fluoroscopy confirmed that the hardware was aligned. The wound was
closed in multiple layers.
The next day the patient underwent a second-stage
procedure to reconstruct the anterior spinal column.
He was placed supine in a Caspar headholder (Aesculap, San Francisco, CA) in slight extension. Again, SSEPs
recorded before and after positioning were stable.
The skin was incised along the crease of the medial
border of the sternocleidomastoid muscle. The platysma
was bisected and the medial border of the sternocleidomastoid was identified. The dissection proceeded to
the anterior aspect of the vertebral body. The carotid
artery, trachea, and esophagus were palpated and
retracted safely. The left longus colli muscle was undermined with monopolar cauterization. The soft tissue
was dissected from the anterior aspect of the vertebral
bodies.
The eroded body of C5 was obvious but confirmed
with fluoroscopy. Given the lack of anatomic
constraints caused by the erosion, care was taken
during dissection of the longus colli muscle. Under
direct visualization, the discs of C4–C5 and C5–C6
were removed down to the posterior longitudinal ligament using curettes and rongeurs. The C5 vertebral
body, which was fractured and invaded with tumor,
appeared to be free floating and was removed. The
corpectomy was completed under microscopic visualization. The right pedicle had been destroyed, and the
corpectomy was continued until soft tissue consistent
with tumor was encountered laterally and resected.
The vertebral artery was identified and protected. The
endplates of C4 inferiorly, C6 superiorly, C3 inferiorly,
and C4 superiorly were roughened to create a vascularized bed for the fibular strut graft. Because there was
no spinal cord compression, the posterior longitudinal
ligament was left intact at C3–C4.

The strut graft was contoured with the Anspach M8
drill bit and tamped into the corpectomy bed under
compression. A similar process was repeated at the
diskectomy site. Slight axial traction of the head was
used to create a space for the graft. The traction was
released after the graft was in place. The Atlantis plate
(Sofamor Danek, Memphis, TN) was sized, and two pilot
holes were drilled in each vertebral body. The trajectory
of the 14-mm variable angle screws was confirmed with
fluoroscopy. The locking mechanism was engaged.
Anteroposterior and lateral fluoroscopy (Fig. 66–3)
confirmed excellent placement of the hardware.

Outcome
The patient’s postoperative course was complicated by a
pseudomeningocele that resolved with temporary lumboperitoneal shunting. Postoperative MRI (Fig. 66–4)
confirmed gross-total resection of the tumor. At an
almost 2-year follow-up examination, the patient had no
neurological deficits, and cervical fusion was satisfactory.

Key Points
This case was challenging because the tumor had invaded
the cervical spine circumferentially, involved intra- and
extradural compartments, compressed the spinal cord,
and destroyed the vertebral bodies anteriorly. Complete
tumor removal would necessitate circumferential reconstruction of the spine. In the cervical region, the vertebral
artery must be protected. Monitoring SSEPs before and
after positioning the patient offers the surgeon some
confidence that the already compressed spinal cord is not
further compromised.
In this case, preoperative angiography was essential.
George and colleagues1 noted that preoperative
angiography is needed to determine whether the tumor
displaces or compresses the vertebral artery and whether
the artery vascularizes the tumor or gives rise to a radiculomedullary branch near the tumor. In their cases, angiography indicated the best location for approaching
the artery in relation to the tumor. Visualizing and separating the vertebral artery along the entire extent of tumor before resecting laterally is essential to prevent injury to the vessel.
Removing as much bone as needed rather than
retracting neural elements is extremely important.
Circumferential reconstruction was much more prudent than retracting vital structures to obtain exposure.
Contemporary spine surgeons have many techniques
and tools in their armamentarium to stabilize the spine.
Identifying landmarks for lateral mass placement
before the laminectomy was very helpful. After bony
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FIGURE 66–3 (A) Anteroposterior and (B) lateral radiographs show the anterior screw and plate construct with
strut graft at the corpectomy site in combination with the
posterior screw–rod construct. The cervical spine has been

reconstructed with appropriate maintenance of cervical lordosis in a circumferential fashion. On the right, lateral mass
screws are noticeably absent where infiltrated nonviable bone
was resected.

FIGURE 66–4 Postoperative axial magnetic resonance imaging with contrast confirms excellent resection of the tumor.

decompression, locating the appropriate entry point for
drilling the pilot hole of the lateral masses can be difficult. We advocate the screw placement technique
described by Cherny et al.2 This trajectory affords reasonable protection from neurovascular injury while achieving bicortical purchase of the articular masses. Both
conventional and magnetic resonance angiography
(MRA) revealed the course of the vertebral artery preoperatively. This information decreases the risk of injuring
a vessel whose course has been distorted by tumor.
Extreme caution during the corpectomy was essential because the cortical surfaces had been breached by
tumor erosion. High-speed drills and large sharp
curettes should be used sparingly until vascular
structures and soft tissues have been delineated.
Removal of all soft tissue and bone infiltrated with
tumor is essential to avoid fibrous healing. The graft
should be placed under compression and the surface
of the implant–bone interface maximized to improve
graft incorporation.3 In our patient, fusion was
extended to include the C3–C4 disk space because
bone quality at C4 was suboptimal.
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Comments
The authors describe an interesting case of an intradural
and extradural cervical schwannoma that expanded into
the right lateral cervical space through the neural
foramen as well as medially encroaching on the spinal
cord. This scenario, though uncommon, is seen with
increasing frequency with better neuroimaging. The
authors’ decision to tackle this with a dorsal and a ventral
approach with accompanying stabilization was needed.
Vertebral angiography provides information about not
only the condition of the vessel and its encroachment
but also tumor supply. Angiography can be done in a that
allows embolization of the tumor in skillful hands and at
the same time a provocative test can be made to see if the
patient can tolerate occlusion of the vessel.
In our methods, dynamic traction is utilized for all
such cases that have potential for instability, which is why

a fusion procedure is mandated at the time of the dorsal
first procedure. The fusion is also necessary for stabilization due to the involvement of the facets and the
vertebral body. Localization of entry points into the
lateral masses was well chosen prior to the laminectomy.
The authors’ points are well taken about the fusion
technique as well as the need for axial compression at
the time of the ventral fusion.
The occurrence of the “pseudomeningocele” can be
anticipated with this type of lesion and its invasion
through the dural sleeve. Hence, such possibilities
must be planned for during the dorsal and ventral
procedures. The authors’ strategies are appropriate to
the case.
Arnold H. Menezes
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67
Osteolytic Tumor of the Th2 Vertebral
Body, Causing Progressive Paraparesis
in a 19-Year-Old
PHYO KIM

Diagnosis Giant cell sarcoma of the Th2 vertebral body
Problems and Tactics Primary or metastatic tumors of the spinal column
most frequently arise from the vertebral body or the pedicles. For effective
treatment, thorough resection from the anterior column, adequate decompression of the spinal cord, and stabilization are necessary. To access
tumors arising in the vertebral body of the thoracic spine, various approaches such as thoracotomy or transmanubrium, or lateral extracavitary
approaches can be chosen. Modified costotransversectomy combined with
transpedicular removal of the vertebral body1 provides a less invasive pathway for the objectives. The approach has an advantage when dealing with a
high thoracic lesion because it allows application of instrumentation extending into the cervical segments. In the following case, the nature of the lesion
destructing the vertebrae was initially unknown, and in addition to the urgent
need of restoring the functional status of this young patient, surgery was
indicated to establish the histological diagnosis and appropriate treatment
plan.
Keywords Total vertebrectomy, transpedicular approach, giant cell sarcoma,
pedicle screw fixation, sublaminal wiring

Clinical Presentation
This 19-year-old male, who initially complained of intrascapular back pain 4 weeks prior to transfer to our
department, developed progressive paraparesis over 2
weeks and became unable to walk. When admitted to a
local hospital, he could not raise his thighs or legs against
gravity, and had difficulty in urination. Both superficial
and deep sensation in the legs were diminished. Magnetic
resonance imaging (MRI) and radiological examinations
revealed an osteolytic mass arising from the Th2 body,
which was largely destructed and collapsed (Fig. 67–1).

An emergency laminectomy was performed, but with little improvement in the motor function postoperatively.
Pathological examination of the tissue specimen
revealed a neoplastic lesion compatible with sarcoma.
When he was transferred to our service 2 weeks later, he
did not have voluntary movement of the lower extremities, but showed some reflex withdrawal upon stimulation. MRI revealed angulation and a focal impingement
of the cord by the tumor located ventrally, with little efficacy of decompression by the laminectomy. The findings, together with the poor functional recovery, which
is not unexpected after laminectomy for ventrally
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located lesions, warranted a radical procedure to remove
the mass and reconstruct the spine.

Surgical Technique
The patient was placed in a prone position with a neutral
alignment of the cervical and thoracic spine, and with the
head fixed by a Mayfield clamp. The previous wound for
laminectomy (Th1,2,3,4) was opened in the midline.

B

FIGURE 67–1 Preoperative magnetic resonance imaging (A,B)
and computed tomographic scan (C) showing the osteolytic
lesion destructing the Th2 vertebral body and compressing the
spinal cord.

Exposure was extended to C6 to Th6 for reconstruction
with instrumentation including the segments above and
below the lesion. The Th2 costotransverse process was
removed bilaterally along with the rib heads (5 cm). Care
was taken not to cause a tear on the pleura. The vertebral
body was entered from the dorsolateral working space
through the pedicles in an angle oriented anteromedially
(Fig. 67–2). The portion of the vertebral body and the
tumor located between the two paths of drilling were
fractured and impacted ventrally and removed in pieces.
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B

FIGURE 67–2 Intraoperative views of (A) the transpedicular resection of the vertebral body after costotransversectomy, and
(B) fixation using pedicle screws (Th1,3,4), sublaminal cables (C6,7,Th5,6), and titanium rods.

The anterior wall of the vertebral body was separated
from the mediastinal contents. The aorta was palpable
during the procedure. The entire body of the Th2 was
removed together with the tumor mass ventral to the
common dural sac. The disks and adjacent cartilaginous
endplates as well as a part of the cortical endplates were
resected with curettage and drilling. Bone grafts were
harvested from the iliac wing in a tricorticocancerous
fashion and placed in the dead space between the Th1
and Th3 vertebrae. Sublaminal cables (Danek Cable, titanium 1.25 mm diameter, Minneapolis, MN) were passed
under unilateral lamina in pairs (C6,7, Th5, Th6). Pedicle
screws (titanium, 5.5  30 mm for Th1, 5  25 mm for
Th3,Th4) were placed under fluoroscopic guidance.
Titanium rods were cut and contoured to the curve threedimentionally. Side-tightening bolts were chosen to make
the profile of the construct lower, the rods were secured
to the pedicle screws, and the sublaminal cables were
tightened over the rods (Figs. 67–2, 67–3). The wound
was closed in layers over a drain.

Outcome
The patient gradually recovered strength in the lower
extremities over several days and became able to raise

his knees in the bed. His urinary sensation and joint
position sense returned. Postoperative MRI showed
adequate decompression and restoration of the contour of the spinal cord (Fig. 67–3). He was transferred
to the rehabilitation department for aggressive physical therapy. Pathological examination revealed giant cell
tumor. A decision was made to observe without adjunctive
treatments. In 3 months, he was able to walk without any
support and he returned to his school. For 5 years, he has
not had recurrence of the lesion and is conducting a
normal life as a secretary/assistant at a law firm.

Key Points
Giant cell tumor is a nonmalignant but locally aggressive
tumor and usually arises from the vertebral body. The
neoplasm is amenable to radical resection, and if that is
achieved, a low recurrence rate is expected.2,3 For the
tumors arising from the vertebral bodies in the thoracic
segments, posterior surgery using transpedicular vertebrectomy1 is an effective method and less invasive than
thoracotomy. The approach has an advantage when
dealing with high thoracic lesions because it allows
application of instrumentation extending into the cervical segments.
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FIGURE 67–3 (A) Postoperative magnetic resonance imaging
and (B,C) radiograms showing restoration of the contour of the
cord and the construct of the fusion-mass/instruments.
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As has been described in the past,4,5 simple laminectomy was not effective in functional recovery in this situation where the offending mass was located ventral to
the spinal cord.
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Comments
Dr. Phyo Kim discusses the surgical management of a giant cell tumor of the Th2 via a posterior surgical exposure. A 19-year-old man presented with progressive
myelopathy following the failure of a laminectomy to
decompress his spinal cord. The author successfully decompressed and stabilized the spine using a posterior
surgical exposure that combined bilateral transpedicular and costotransversectomy techniques. With rehabilitation, the patient regained ambulation at 3 months.
Dr. Kim achieved a gross-total resection; the patient has
had no evidence of tumor recurrence at 5 years.
Dr. Kim discusses the challenge of approaching anteriorly located lesions in the upper thoracic spine. From
T2 to T4, anterior exposures are hampered by the sternum, the great vessels, and the heart. Transthoracic
exposures are limited by the shoulder girdle and the
constrained anatomy of the thoracic outlet. As described
by Dr. Kim, a transpedicular approach allowed a curative
resection of the tumor. In addition, he was able to reconstruct the spine through the same exposure. He correctly states the poor results of laminectomy in treating
anteriorly located tumors compressing the spinal cord.
A major factor in any approach to anteriorly placed
tumors of the vertebral column is the degree of visualization of the anterior dural tube. Midline posterior exposures (laminectomy) provide no visualization of this critical region. As the avenue of approach is moved laterally
(from transpedicular to costotransversectomy to lateral
extracavity to transthoracic), visualization of this area improves. With transpedicular and costotransversectomy

approaches, the surgeon does not have ideal visualization of the contralateral side of the anterior epidural
space. As demonstrated in this case, a bilateral exposure
can overcome this problem. A lateral extracavitary
approach allows better visualization, but mobilization of
the scapula during this approach may lead to postoperative shoulder dysfunction.
Dr. Kim reconstructed the spine using anterior iliac
strut grafts and long posterior segmental instrumentation from C6 to T6. There is good experimental and
clinical evidence that a shorter construct is just as effective as a long one in the presence of an anterior graft.1
There are two pitfalls in the described surgical approach of which the reader should be cognizant. Injury
of the aorta or vena cava during vertebrectomy may lead
to uncontrollable, life-threatening hemorrhage. Anterior strut grafting is more difficult via these approaches.
Dr. Kim discusses the pathology of giant cell tumors.
Though benign, these tumors are notorious for local
recurrence after incomplete removal. In most cases,
adjunctive therapy is less effective than surgical reexploration for residual or recurrent tumor.
William E. Krauss
REFERENCE TO COMMENTS
1. Maiman DJ, Pintar F, Yoganandan N, Reinartz J. Effects of anterior
vertebral grafting on the traumatized lumbar spine after pedicle
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68
C2 over C3 Spondyloptosis in a Case with
Absent Posterior Elements of Axis
ATUL GOEL AND DATTATRAYA P. MUZUMDAR

Diagnosis C2 over C3 spondyloptosis in a case with absent posterior
elements of axis
Problem and Tactics An extremely rare anomaly in a 31-year-old man
where the posterior elements of axis were almost completely absent, and
the anterior elements were dislocated anterior to the body of the C3 vertebra. The body of the C3 caused severe compression of the high cervical
cord. A radical transoral decompression and plate and screw fixation
resulted in sustained clinical improvement. The literature is briefly reviewed
and the treatment options in such a case are analyzed.
Keywords Axis, craniovertebral anomaly, spinal dislocation, spondyloptosis

Clinical Presentation
A 31-year-old man presented with progressively worsening stiffness and weakness in all limbs for 1 year. For 1
month the disability worsened rapidly and he needed
support to walk or stand, and he could not perform his
routine activities normally. In addition, for 1 month he
developed tingling paresthesia in all four limbs. There
were no urine or bowel problems. There was no history
of any trauma. His neck was relatively short since birth.
Neurological examination revealed spastic Grade 4
quadriparesis, deep tendon jerks were exaggerated, and
the planters were extensors. The rest of the neurological
examination was normal including the lower cranial nerves
and the sensory system examination. Cervical movements were unrestricted. Plain radiography, magnetic
resonance imaging, and computed tomography (CT)
scan of the craniovertebral junction in flexion and extension revealed complete absence of all the posterior elements of the axis vertebra by way of transverse processes,
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lateral masses, laminae, and spinous process (Figs. 68–1,
68–2, and 68–3). The body of the axis was dislocated
anterior to the C3 body in a form of almost complete
spondyloptosis. Large bony osteophytes were seen anterior to the body of C2 and C4 vertebrae. The body of the
C3 vertebra severely compressed the adjacent cervical
cord. There was no evidence of instability on dynamic
films. There was no anomaly of the odontoid process or
any other bone in the region.

Surgical Technique
The patient was placed in traction, which had to be instantly removed because the patient complained of
diplopia and exaggerated paresthesiae in the limbs.
A transoral operation was performed with the patient
in the lateral position, and the surgeon sat alongside
the patient. The soft palate was retracted superiorly and
then the posterior pharyngeal wall was incised. The
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FIGURE 68–1 Lateral plain radiograph of the craniovertebral region showing the axis vertebra dislocated anterior to
the body of the C3 vertebra. The posterior elements of the
axis are absent.

anterior surfaces of the bodies of C2 and C4 were identified. The lower portion of the C2 body was widely
drilled to expose the body of the C3 vertebra. The
C2–C3 disc was interposed between the bodies of C2
and C3. The indenting part of the C3 vertebral body
was radically decompressed. The indentation of the
dural tube and its release after the bone decompression
could be observed. A multiholed plate was used and was

A

FIGURE 68–3 (A) Axial computed tomograhic (CT) scan
showing the anterior arch of the atlas (arrow), the body of the
axis (curved arrow), and the C3 body lying in the same axial

FIGURE 68–2 Sagittal magnetic resonance imaging of the
craniovertebral region showing severe compression of the
cord by the body of the C3 vertebra.

fixed by screws superiorly to the upper part of the body
of the axis and inferiorly to the body of the C4 vertebra
(Fig. 68–4A). A cadaveric bone graft was placed under

B

plane. All the posterior elements of the axis are absent.
(B) CT scan showing the anomaly. The body of the C3 vertebra
is resulting in severe compression of the spinal cord.
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FIGURE 68–4 (A) Postoperative radiograph showing the
anterior plate and screw fixation following transoral decompression. (B) Computed tomographic scan showing the bone

decompression of C3 vertebra. Anterior fixation with plate and
screws is seen. Bone graft is seen posterior to the plate.

the plate in the region of the resected body of the C2
(Fig. 68–4B).

help of instrumentation in the maximally reduced
dislocation.
2. Decompress the spine from anteriorly through a
transcervical approach and simultaneously fuse
with instrumentation.
3. Do transoral decompression and then perform a
posterior fixation technique.

Outcome
At 6-month follow-up, the patient had shown remarkable neurological recovery. The plate was in situ, and
there was some evidence of bone fusion in the region of
placement of the bone graft.

Key Points
Congenital absence of posterior elements of the axis vertebra is extremely rare. In the present case and the two
other cases reported by us earlier1 there was complete
absence of the posterior elements of the axis, and the
body of the axis was dislocated and positioned anterior
to the body of the C3 cervical vertebra. The body of the
C3 vertebra caused severe cord compression. The clinical and radiological features of the case presented here
have remarkable similarities to the other two patients
presented by us earlier.
In such a case with a severe spinal deformity the aim
of surgery is to decompress the spinal cord widely and to
do spinal fixation. The options for surgical approach to
this patient were as follows:
1. Attempt to reduce the dislocation with the help
of traction and then attempt a fixation with the

An attempt to fix the spine by interlaminar instrumentation after a partial reduction of the dislocation with
traction had resulted in neurological worsening in our
earlier reported case.1 Anterior transcervical decompression, which was followed by posterior fixation, had
resulted in satisfactory clinical improvement in the other
patient.1 In the present case a transoral decompression
and plate and screw fixation resulted in an immediate
and sustained clinical improvement. Although there is a
risk of infection following placement of a metal plate via
a transoral route, the ease of exposure and decompression and fixation by this route could be employed to
advantage. We are not yet convinced whether a transoral
or a transcervical route is superior or vice versa. Further
experience is mandatory to formulate the most appropriate form of treatment protocol for this complex anomaly
and challenging therapeutic problem.
REFERENCE
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459–461
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Comments
The authors describe an extremely rare anomaly in a
31-year-old male who presented with quadriparesis. The
anomaly was the absence of the posterior elements of C2
and almost complete spondyloptosis of C2 anterior to
C3. A portion of C3 was removed via the transoral route
followed by placement of an allograft and plating at
C2–C3. Postoperative CT showed reduction of the
deformity and confirmed the removal of the anterior
portion of C3. The authors selected to fuse anteriorly to
obtain immediate fixation.
The authors do discuss various ways to fuse the spine
after decompression and selected the anterior route for
immediate stabilization. They argued that a posterior

fusion should be considered if better reduction could be
achieved. They also collectively argue that the transcervical approach to remove C3 would have been extremely
difficult because the kyphosis of the cervical spine as
well as the presence of the jaw makes it almost impossible to reach the upper cervical, as best seen in Fig. 68–1.
The presentation of this case is obviously quite unusual,
and the authors should be commended for a nice technical procedure as well as a good follow-up in this very
difficult case.

Volker K.H. Sonntag
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69
Rasmussen’s Encephalitis Causing
Epilepsy Partialis Continua
MANDEEP S. TAMBER AND JAMES T. RUTKA

Diagnosis Rasmussen’s encephalitis causing epilepsy partialis continua
Problems and Tactics A previously healthy 5-year-old boy was diagnosed with Rasmussen’s encephalitis following the acute onset of left-sided
focal seizures without an associated alteration in level of consciousness.
His seizures progressed to the point where almost continuous clonic activity
in the left thumb and hand was observed. Because of this child’s diffuse
hemispheric disorder, a periinsular hemispherotomy was undertaken in an
effort to control his epilepsy.
Keywords Periinsular hemispherotomy, epilepsy, pediatric, Rasmussen’s
encephalitis

Clinical Presentation
This 5-year-old boy had a normal birth and neurological
development prior to the acute onset of left-sided focal
motor seizures, which were unassociated with an altered
level of consciousness. The seizures were initially brief,
involving the face and arm and/or leg, but gradually,
over the course of weeks, they progressed despite medical
management with numerous antiepileptic medications.
He ultimately developed epilepsy partialis continua involving the left thumb and hand. As his seizure disorder
evolved, the child developed a progressive left hemiparesis affecting the arm more than the leg. He remained
cognitively intact throughout.
Lumbar puncture did not reveal any evidence of an
infectious encephalitic process. Magnetic resonance
imaging (MRI) of the brain demonstrated scattered
areas of cortical T2 hyperintensity in the right parietal
lobe; the lateral, inferior, and medial aspects of the right
temporal lobe; and the right inferior frontal lobe and
right cingulum. There was slight associated volume loss
of the right cerebral hemisphere. The left hemisphere

was normal in appearance and signal intensity. Magnetoencephalography (MEG) and magnetic source imaging
(MSI) demonstrated spike sources diffusely localized to
the areas of the right cerebral hemisphere which showed
cortical swelling and high T2 signal (Fig. 69–1).
Prior to the definitive operation for control of this
child’s epilepsy, a biopsy of the right superior temporal
gyrus was undertaken. The result was consistent with a
diagnosis of Rasmussen’s encephalitis.

Surgical Technique
The procedure described here is a slight modification of
that outlined by Villemure and Mascott.1
A question-mark-shaped scalp flap, with its inferior
limb extending down to the root of the zygoma and its
superior limb extending to just above the area of the
superior temporal line, was elevated. A generous frontotemporoparietal craniotomy was then fashioned. A
semicircular durotomy overlying the sylvian fissure, with
releasing cuts into the frontal and parietal lobes, provided
appropriate access to the cortical surface.
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FIGURE 69–1 (A) Axial magnetic resonance imaging/MEG
magnetic source imaging/magnetoencephalography (MRI/MEG)
depicting multiple spike clusters in the Rolandic region, a
finding typical for Rasmussen’s encephalitis. (B) Coronal

MRI/MEG illustrating position of spike clusters in the hemisphere that showed only mild atrophic changes. No focal lesions were found on MRI.

The first intradural maneuver was to create a suprainsular window, which would allow for exposure of the upper
part of the insular cortex (Fig. 69–2). Image guidance was
used to create a representation of the insula onto the
overlying frontal and parietal opercular cortex. This

opercular cortex and underlying white matter were then
resected using a subpial aspiration technique until the
insular cortex and the circular sulcus that surrounds it
were exposed. An attempt was made to preserve the
large arteries and veins at the posterior end of the sylvian fissure to minimize postoperative swelling of the
disconnected hemisphere.
Using bipolar coagulation and suction, an incision
was then made through the cortex and white matter at
the depths of the superior limb of the circular sulcus, in
a plane perpendicular to the insula, to achieve entry
into the body of the lateral ventricle. A small cottonoid
patty was placed in the ventricle to minimize entry of
blood and egress of cerebrospinal fluid (CSF). The entire
lateral ventricle was opened in this manner, extending as
far posteriorly as the ventricular trigone. It is through
this exposure that the remainder of the hemisphere is
disconnected from the rest of the brain via several incisions that are subsequently made from within the lateral
ventricle itself.
Attention was then turned to fashioning the infrainsular
window through which exposure of the lower insula
would be achieved (Fig. 69–2). In essence, this can be
done by removing the temporal opercular cortex (superior temporal gyrus) down to the level of the insula. We
prefer to perform a generous en bloc subpial resection
of the entire temporal neocortex, extending as far posteriorly as required to attain adequate exposure of the
posterior aspect of the insula. Following the temporal
lobectomy, entry was made into the temporal horn of
the lateral ventricle. The temporal horn was subsequently opened to expose the hippocampus from the

FIGURE 69–2 Artist’s rendering of neurosurgical corridors
created for complete hemispheric disconnection. Both supraand infrainsular windows are necessary to gain access to the
lateral ventricle. From this approach, the callosotomy can be
performed as shown through the suprainsular window (arrow).
The frontal and temporal lobe opercula are removed to expose
the insular cortex, which will also be removed.
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pes to the level where it began to curve superiorly in the
region of the fimbria fornix. The mesial temporal structures, including the amygdala, hippocampus, and uncus,
were then removed using a subpial resection technique.
The medial pia was left intact, protecting the cerebral
peduncle, the third cranial nerve, and perforating and
larger vessels about the circle of Willis. The fimbria
fornix was then disconnected from the hippocampus at
the level of the hippocampus tail.
The curve of the hippocampus and the choroid
plexus/choroidal fissure was then followed to connect
the opening into the temporal horn of the lateral ventricle, with the entry into the frontal horn of the lateral
ventricle made after creation of the suprainsular window.
The next step, creation of the corpus callostomy, was
undertaken as follows. Via the suprainsular window, a
small incision was made in the superomedial region of
the body of the lateral ventricle such that the pericallosal
arteries could be identified on either side of the falx
(Fig. 69–3). The incision was then extended anteriorly
and posteriorly along the corpus callosum, using the pericallosal arteries and the falx as landmarks, resulting in a
slightly parasagittal corpus callostomy. The corpus
callostomy extended the entire length of the corpus
callosum from the rostrum anteriorly and encompassed
the splenium posteriorly to the point at which the vein of
Galen tributaries could be visualized through the pia.
The final disconnective step, the frontobasal disconnection, allowed for the amputation of the frontal lobe
from the remainder of the hemisphere. The coronal
plane of the frontal disconnection passed just in front of
the rostrum of the corpus callosum. A 4- to 5-mm wide
cortical incision was made adjacent to the lateral sphenoid wing and extended toward the falx in the midline.
As the white matter was carefully divided, the anterior
cerebral vessels were seen coursing about the rostrum of

FIGURE 69–3 Intraoperative photomicrograph through the
suprainsular window during the callosotomy stage showing
exposure of the pericallosal vessels, which serve as a guide
for resection of the corpus callosum.
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the corpus callosum through intact interhemispheric
pia, as were cranial nerves I and II basally.
The final step of the intradural procedure was resection of the remaining insular cortex, performed using a
combination of suction and bipolar cautery. Once again,
care was taken to preserve the M2 branches of the middle
cerebral artery as they coursed over the top of the insula.
The child awoke quickly after termination of general
anesthesia, with the expected dense left hemiplegia.
The intradural procedure lasted a total of 5 hours.

Outcome
The child did extremely well postoperatively. He was
seizure free on standard doses of valproic acid and
clobazam at the time of last follow-up 6 months postsurgery. He has a persistent left homonomous hemianopia and is left with a paretic left arm, although he is
able to ambulate without assistance (Fig. 69–4).

Key Points
Periinsular functional hemispherotomy is indicated for
the treatment of epilepsy associated with diffuse hemispheric pathology. By disconnecting the involved
hemisphere entirely from within the lateral ventricle,
while preserving as much of the anatomy of the operated
hemisphere as possible, excellent seizure outcomes, comparable to those seen with anatomic hemispherectomy
and hemidecortication procedures, may be realized, with

FIGURE 69–4 Immediate postoperative image showing the
extent of cortical resection required for periinsular hemispherotomy and incisions into the ventricular system.
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an easier perioperative course and without the adverse
sequelae associated with the latter two procedures.2
Certain technical considerations must be kept in
mind when performing this procedure. First and
foremost is the recognition that in certain instances
where a patient’s cerebral anatomy is distorted (i.e., in
hemimegalencephaly), anatomic variations resulting
from the underlying structural disturbance may obscure
the normal landmarks, which must be identified to carry
out this operation safely and effectively. In such a case,
intraoperative neuronavigation may prove to be a valuable surgical adjunct. If the anatomy is still in doubt, the
initial procedure may need to be aborted and the remainder of the disconnections performed using more
standard surgical approaches. Other instances in which
the procedure may have to be staged include when
intraoperative bleeding becomes prohibitive, or when
hemispherotomy is undertaken in very small infants.
Although an enlarged ventricular system is clearly a
technical advantage for performing a periinsular hemispherotomy, the procedure is in fact feasible in patients
without ventriculomegaly.2
A postoperative syndrome of “aseptic meningitis,”
consisting of fever, irritability, and meningismus, although less commonly encountered after periinsular
hemispherotomy than hemidecortication procedures,
may still be seen in the first 7–10 days after surgery. This
phenomenon, presumed to be due to blood and brain
debris mixing with CSF and inciting an inflammatory

reaction, may be responsible for a somewhat stormy
immediate postoperative course.
The functional anatomy of periinsular hemispherotomy
has been well described by Villemure and Mascott,1 and
the reader is referred to this article for a detailed discussion. In brief, incising along the superior limb of the circular sulcus of the insula leading to the body of the lateral
ventricle disrupts the fibers of the internal capsule.
Commissure connections of the frontal, parietal, and
occipital lobes are disrupted by the extensive corpus callostomy. The frontobasal disconnection disrupts connections through the anterior bundle of the anterior
commissure, the uncinate fasciculus, and the long and
short arcuate fibers. Creation of the infrainsular window
essentially disconnects the temporal lobe and its mesial
structures from the remainder of the hemisphere. Section of the fimbria fornix at the level of the choroidal
fissure severs any remaining efferent fibers from the hippocampal formation. Although it is unlikely that the
remaining insular cortex is capable of generating
epileptiform activity on its own, most surgeons elect to
resect the insular cortex on a purely empirical basis.
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Comments
This chapter provides an illustrative case of a child
with epilepsia partialis continua caused by biopsyproven Rasmussen’s encephalitis. This disorder, although rare, is a relatively frequent cause of epilepsia
partialis continua. There is unfortunately no specific
treatment for this idiopathic condition, and seizures
typically continue along with a slow but relentless progression of hemiparesis. The combination of refractory epilepsy and motor disturbance eventually leads
to developmental delay and significant psychosocial
consequences. As was done in this case, early aggressive surgical treatment can arrest seizures and allow
the patient to return to a reasonable level of function,
albeit with poor hand coordination. The decision to
proceed with hemispherectomy was made easier by the
fact that this patient’s disorder was in the language
nondominant hemisphere. When the language dominant hemisphere is involved, it is important to consider hemispherectomy as early as possible to allow for
transfer of language function in the developing brain.
An aggressive approach may be more difficult in older
patients.

The authors have given an excellent description of the
technique of hemispherectomy. A few additional points
may be useful. Because few neurosurgeons have extensive
experience with this technique, the use of frameless neuronavigation techniques is an important adjunct, especially when the ventricles are normal in size or only
modestly enlarged. Although there is significant brain
shift following entry into the ventricle, the important
landmarks will be preserved, including the location of the
corpus callosum, the tentorial notch under the occipital
lobe, the brain stem, and the posterior inferior frontal
lobe. Neuronavigation can also be helpful in determining
the appropriate depth of insular cortex resection.
Some patients may have residual seizures following
even this aggressive resection. These are sometimes attributed to retained insular cortex or failure to completely
disconnect the inferior frontal lobe; however, the results
of hemispherectomy for patients with proven Rasmussen’s
encephalitis are typically excellent as seen in this case
report.
Mitchel Berger
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70
Fibrous Dysplasia of the Paranasal
Sinuses and Anterior Cranial Base
MANDEEP S. TAMBER AND JAMES T. RUTKA

Diagnosis Fibrous dysplasia involving the left nasal cavity, nasoethmoidal
complex, and sphenoid sinus
Problems and Tactics An otherwise healthy 8-year-old girl presented
with a 3-year history of progressive left nasal obstruction and headache,
leading to the diagnosis of fibrous dysplasia involving the left nasal cavity,
nasoethmoidal complex, and sphenoid sinus. Despite the challenges associated with surgery of the pediatric skull base, a craniofacial resection was
undertaken in light of the patient’s progressive functional impairment.
Keywords Fibrous dysplasia, skull base, pediatric, craniofacial resection

Clinical Presentation
This previously healthy 8-year-old girl presented with a
3-year history of progressive left nasal obstruction associated with headache. Physical examination revealed the
presence of anosmia, but no other neurological deficit.
Formal ophthalmological evaluation confirmed the absence of any significant functional compromise of the
optic nerves. Computed tomography (CT) and magnetic resonance imaging (MRI) revealed the presence of
a large cystic and solid expansile mass based within the
left nasoethmoidal complex and sphenoid bone. The
mass greatly expanded the left nasal cavity with consequent bowing of the nasal septum to the right. A slight
degree of narrowing of the left optic canal and inferior
orbital fissure was also observed. The imaging diagnosis
was consistent with fibrous dysplasia involving the
paranasal sinuses and anterior skull base.

Surgical Technique
The patient was placed supine on the operating table
and orotracheally intubated. Prophylactic intravenous

antibiotics with broad spectrum activity against nasopharyngeal flora were administered. A temporary tarsorraphy
was placed in both eyes to provide corneal protection
during the procedure.
The patient was prepared for a bicoronal scalp flap
and a bifrontal craniotomy should an intracranial
approach be needed to supplement the transfacial resection. If required, we were also prepared to harvest a
broad-based, apron-shaped vascularized pericranial flap
in the event that it would be required for reconstruction
of the anterior fossa floor.
The operation began with the transfacial resection via
a lateral rhinotomy/medial maxillotomy approach
(Fig. 70–1A). An incision was made beginning just under
the medial aspect of the eyebrow, slightly medial to the
supraorbital notch. The incision was carried inferiorly
between the medial canthus and the nasal dorsum,
along the nasomaxillary junction, around the alar crease
and into the nasal vestibule. The flaps were then elevated. The periosteum was incised and elevated to expose the medial orbital wall and the anterior maxillary
wall as far inferior as the piriform aperture and as far laterally as the infraorbital foramen. A low nasal bone osteotomy followed by a medial nasal bone osteotomy was
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A

B

FIGURE 70–1 (A) Planned surgical incision for a lateral
rhinotomy/medial maxillotomy approach to an anterior cranial
base tumor (solid line). This incision can be extended (dotted
lines) to provide access to laterally situated structures in the

midface. (B) Extent of osteotomies within walls of ethmoid
and maxillary sinuses to allow for optimum exposure of the
tumor (hatched line).

then performed to allow the nasal skeleton and associated soft tissues to be reflected and retracted medially
(Fig. 70–1). The medial orbital periosteum was elevated,
and the periorbita retracted laterally. The medial canthal tendon was separated from the lacrimal crest, elevated in a subperiosteal fashion, and also retracted laterally with the remainder of the periorbita. The lacrimal
sac was mobilized from the lacrimal fossa and the
lacrimal duct transected to facilitate lateral displacement of the orbital contents.
Retraction of the periorbita allowed visualization of
the anterior and posterior ethmoidal arteries lying
along the frontoethmoidal suture line. These vessels
were cauterized and divided. The lamina papyracea was
taken down to expose the superomedial portion of the
tumor.
Osteotomies were then created to perform medial
maxillotomy and resection of the entire ethmoidal
complex on the side of the lesion (Fig. 70–1B). The
first bone cut was made vertically through the anterior
aspect of the medial wall of the maxillary sinus. The second osteotomy was made horizontally along the inferior
aspect of the medial maxillary sinus wall. The third cut extended through the medial wall of the orbit, just inferior
to the frontoethmoidal suture line. The final osteotomy

traveled through the orbital floor just medial to the
infraorbital foramen.
The nose was entered after removal of the medial
maxilla (Fig. 70–2A). A large cystic and solid tumor was
seen filling the entire left nasal cavity. It appeared to be
based primarily in either the superior or the middle
turbinate, with expansion from there. The tumor was
removed in a piecemeal fashion; intraoperative quick
section confirmed the diagnosis of fibrous dysplasia.
The lesion was composed of rubbery gray-white tissue of
considerable vascularity.
The tumor was freed from the area of the anterior
cribriform plate, and dissection was carried posteriorly
along the ethmoid sinus and into the sphenoid on the
left side, which was also filled with tumor. Our position
along the anterior skull base was confirmed with the use
of frameless stereotaxy (Fig. 70–2B). The tumor was partially debulked without violation of the anterior cranial
base. Because the vast majority of the tumor had been
removed by the transfacial route, it was elected not to
pursue any further resection transcranially.
Following resection, attention was turned to closure.
The mucosa of the maxillary antrum was stripped and
the antrum opened widely into the nose. The left
nasal cavity was lined with Surgicel and Gelfoam.
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A

B

FIGURE 70–2 (A) Intraoperative photograph showing lateral rhinotomy incision. Following medial maxillotomy, the
tumor is exposed within the depths of
the wound. The frameless stereotaxis
pointer is used to confirm the position
at the cranial base. (B) Neuronavigation is used to optimize the extent of
tumor resection. The large cystic mass
is seen on computed tomography to
expand the ethmoid sinuses. Frameless stereotaxy is especially useful in
determining the limits of resection as
the lesion is resected posteriorly
toward the sphenoid sinus and pituitary
fossa.
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Vaseline-impregnated gauze was then used to pack the
left nasal cavity. The medial maxilla was then repositioned
and wired into place with 26G interrupted wire loops. A
dacrocystorhinostomy was used to reconstruct the nasolacrimal duct to prevent postoperative epiphoria. The
medial canthal tendon was accurately reapproximated
and secured with a permanent suture passed through a
hole drilled in the adjacent bone; this was done to prevent unsightly postoperative telecanthus. The soft tissues
were then closed in layers with precise periosteal apposition and a cosmetic skin closure. At the end of the procedure, tarsorraphy stitches were removed and general
anesthesia terminated. The patient awoke rapidly without any apparent neurological deficit. The total operative time was 5 hours, and the estimated blood loss was
500 mL.

Outcome
At 1-month follow-up, the child reported amelioration of
her preoperative symptoms. Moreover, her vision has remained stable, and she has incurred no new neurological
deficits.

Key Points
Fibrous dysplasia is a nonheritable developmental
anomaly of the bone-forming mesenchyme. The normal
development of new bone from the woven bone stage to
the lamellar bone stage does not occur in an organized
fashion, and there is an overgrowth of a well-vascularized
fibrous stroma surrounding the haphazardly arranged
bony trabeculae.
Three categories of fibrous dysplasia exist: the monostotic form (70%), the polyostotic form (30%), and
that associated with the McCune-Albright syndrome
(3%). The prevalence of craniofacial skeleton involvement is 25% in patients with monostotic disease and
roughly 50% in those with polyostotic fibrous dysplasia.
If one takes into account all of the bones that compose
the paranasal sinuses, 80% of patients in a recently
reported retrospective series had some form of sinus involvement.1 In this instance, the combination of a
bifrontal craniotomy with a transfacial approach provides
excellent access to lesions involving the paranasal sinuses
and extending to involve the anterior cranial base.
Surgery has long been the mainstay of treatment for
fibrous dysplasia.2,3 The aims of surgery are to correct
functional disturbances, to halt progressive deformity,
and to avoid malignant degeneration, which occurs in
0.4% of cases. Because of the benign nature of the
condition, surgery itself should be relatively conservative, with the primary goal being preservation of existing

function. Complete extirpation of all involved bone is
unnecessary and may subject the patient to undue morbidity. Radiological follow-up of residual disease is
mandatory, however, because a 25% local recurrence
rate following partial resection has been quoted.2,3 Moreover, radiological surveillance is required to detect malignant degeneration in the remaining dysplastic tissue.
In any case, the necessity for surgery and the extent of
resection must be individualized to each patient based
on the location of the disease, its proximity to important
structures, and the severity and progression of symptoms. A guiding principle should be that any aggressive
or radical surgical approach should not create a more
severe functional or aesthetic disturbance than the disease process itself.
There has been some controversy in the literature
regarding the timing and indications for surgery.4 In
general, early surgical intervention is indicated for the
prevention of neurological deficit or substantial deformity in patients of any age. In pediatric patients, consideration must be given to the obvious difficulties that will
be encountered in reconstructing the skull after a wide
excision of pathological bone in patients with a growing
skeleton, even though early preventative surgical correction might positively influence the natural history of the
disease. Advocates of early surgery believe that conservative treatment during the active phase of disease in children is unacceptable because there is no evidence in the
literature that surgical procedures in this population affect the growth rate of normal residual tissues. In
further support of this treatment philosophy is the
observation that although fibrous dysplasia is a benign
entity, the clinical course may be progressive into adulthood and unpredictable, with the sudden appearance of
symptoms that can be functionally important and irreversible. Thus, in children, a wait-and-see approach may
be risky.
A final point needs to be made regarding skull-base
surgery in the pediatric population.5 Skull-base lesions
in children present a unique therapeutic challenge,
largely because of the constraints of the maturing brain
and developing craniofacial skeleton. Standard approaches to the central skull base may therefore need to
be modified. One must avoid the growth centers if at all
possible until the craniofacial skeleton is mature. Approaches involving maxillotomy may need reconsideration because tooth buds may be compromised. The
transsphenoidal approach to the anterior cranial base
may be limited in children by virtue of the small sella
and the absence of a fully aerated sphenoid sinus; in this
instance, image guidance is invaluable in keeping one
midline during the approach to the sella. Finally, in children younger than 6, anterior skull-base approaches
may actually be facilitated owing to the relative shallowness of the anterior fossa floor.
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Comments
The authors describe a surgical case with symptomatic
fibrous dysplasia involving the ipsilateral craniofacial
bone in a pediatric patient.
Deciding surgical indications and selecting surgical procedures are difficult. This case is successfully treated by
well-planned transfacial surgery with additional bifrontal
craniotomy preparations. Only large pediatric hospitals
such as the authors’ can have experience with a large
number of such cases. I have had only a few cases of
optic nerve decompression in young adults with fibrous
dysplasia, where transcranial and transsphenoidal surgery
was undertaken.

The difficulty with transfacial surgery in a pediatric
patient is where and how extensively osteotomy or
bone decompression should be made because the
craniofacial bone will keep growing. The transfacial
approach requires close cosmetic attention, and reconstruction is very important as the authors describe.
Because of the nature of the disease observation over a
long period is necessary after surgery. Problems related with this disease are well reviewed in the Key
Points.
Shigeaki Kobayashi
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71
The Posterior Cerebral Artery–Vertebral
Artery Bypass Using Radial Artery Graft for
Complex Aneurysms and Severe Occlusive
Diseases of the Basilar Artery
HIROYASU KAMIYAMA AND KEN KAZUMATA

Diagnosis Thrombosed basilar artery aneurysm (Case 1); dissecting
aneurysms of bilateral vertebral artery with large thrombus (Case 2)
Problems and Tactics Although superficial temporal artery–superior cerebellar artery (STA–SCA) and occipital artery–posterior inferior cerebellar artery
(OA–PICA) have been used for vascular reconstruction of the posterior
circulation, these bypass pedicles may not immediately provide a major
increase in blood flow.1 Earlier in our experience, we had treated complex
vertebrobasilar aneurysms by using either a vertebral artery–vertebral
artery (VA–VA) radial artery (RA) interposition graft or a vertebral artery–basilar
artery (VA–BA) radial artery interposition graft for vascular reconstruction
(Fig. 71–1). These bypasses are technically more difficult to perform than
distal SCA or posterior cerebral artery (PCA) anastomosis and have a
higher risk of ischemic complications. This prompted us to develop a
PCA–VA radial artery graft bypass, which will provide an adequate volume
of blood flow immediately. In the early 1980s, Sundt et al had already
published the procedure for a PCA–external carotid saphenous vein graft
bypass.2 In our method, the V3 segment of the VA is used as a donor vessel.
The advantage of the V3 segment as a donor vessel is that it can be
exposed more easily than the external carotid artery (ECA) in our modified
lateral semiprone position.3 In addition, the graft flow may be identical to the
pretreatment state. The length of the graft is relatively short (10–12 cm)
compared with the ECA–PCA radial artery graft (16–18 cm). With our
increasing experience, we have found that this procedure is also effective in
the treatment of medically intractable severe stenosis of the BA. In this case
report, we describe the operative procedure of the PCA–VA radial artery
graft bypass.
Keywords Vertebrobasilar aneurysms, PCA-VA radial graft bypass, severe
stenosis of BA.
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FIGURE 71–1 Illustrative case of a vertebral artery–basilar
artery (VA–BA) bypass using a radial artery (RA) interposition
graft in a case with thromosed giant aneurysm of the BA. Prior
to making a VA–RA–BA bypass, a superficial temporal
artery–superior cerebellar artery (STA–SCA) bypass had
been performed for reducing ischemic complications. The
postoperative consciousness was clear but preoperative
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B

D

paraparesis worsened to tetraparesis due to circulatory
disturbance of the perforating arteries. (A) Preoperative
magnetic resonance imaging (T2-axial). (B) Preoperative left
vertebral angiography (VAG) (anteroposterior). (C) Schematic
drawing of a bypass between the V3 portion of the VA and the
P2 of the posterior cerebral artery using a radial artery graft.
(D) Postoperative left VAG (oblique view).
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FIGURE 71–2 Illustrative case with thrombosed giant
aneurysm of the basilar artery treated with a V3–RA–P2 bypass. Prior coil embolization did not stop further enlargement

of the aneurysm. (A,B) Preoperative bilateral VAGs (oblique
view). (C,D) Postoperative right VAGs (anteroposterior view
and lateral view).

Clinical Presentation

period of observation, dysarthria, dysphasia, gait ataxia,
and incoordination of the limbs gradually appeared.
Four months prior to surgery, the patient underwent
intravascular coil embolization. The symptoms were aggravated postoperatively with neumonitis and he needed
a respirator for respiratory control. Just before the V3
segment of VA–radial artery graft–P2 segment of PCA

Case 1
A 48-year-old man presented with a 2-year history of
right abducens paresis. Diagnosis of a thrombosed BA
aneurysm was made (Fig. 71–2). During the following
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FIGURE 71–3 Illustrative case with bilateral dissecting aneurysms of vertebral arteries treated with a V3–RA–P2 bypass.
(A) Schematic drawing of a V3–RA–P2 bypass using a radial artery graft. (B) Postoperative right VAG (oblique view).

(V3–RA–P2) bypass surgery, the patient had ataxic respiration, quadriparesis, and bilateral abducens pareses,
although he was able to come off the respirator.

Case 2
A 52-year-old man developed the left Wallenberg syndrome. The examination revealed a dissecting aneurysm
of the left VA with a large thrombus (Fig. 71–3).
The patient underwent OA–PICA bypass with trapping
of the left VA in the subacute stage. At this point, there
was no dissection found in the right VA. He was discharged from the hospital on foot with remaining left
Wallenberg syndrome. Four months later, he was
brought in the hospital with decreased consciousness
and was found to have a highly stenotic right VA.
The consciousness level improved with medical treatment; however, the single photon emission computed
tomography (SPECT) examination revealed highly decreased blood flow in the entire posterior fossa. In the
subacute stage this time also, a V3–RA–P2 bypass plus
OA–PICA bypass surgery was performed.

Surgical Technique
This bypass is composed of nine steps:
1. Preparation of the STA and OA pedicle and radial
artery graft
2. Exposure of the V3 segment

3. Combined transpetrosal (retrolabyrynthine presigmoid) craniotomy
4. Exposure of the PCA
5. STA–SCA anastomosis
6. P2–RA anastomosis (distal suture)
7. Introduction of the RA graft to the extracranial VA
and RA–V3 anastomosis (proximal suture)
8. Opening of the graft and pressure monitoring
9. VA or BA ligation if necessary
We use a modified semiprone position (park-bench
position) for this procedure. The head elevation is
achieved by elevating the table in a reversed Trendelenburg direction. The surgeon turns the patient to
the semiprone position and brings the shoulder and
lower arm over the edge of the table. The lower axilla
should be padded with foam. The head is rotated toward the surgeon (almost parallel to the floor) and
tilted slightly forward taking care not to cause compression of the internal jugular vein. The upper arm is
gently pulled forward and supported by an armrest.
The radial artery graft is extracted from the upper
arm. The scalp incision is designed in an S-shaped
fashion to obtain the STA and OA pedicle and to perform a combined supra- and infratentorial transpetrosal
approach (Fig. 71–4). An incision begins just anterior
to the tragus and extends along the parietal branch of
the STA, gently curving inferiorly to the bottom of the
mastoid process, to end at the midline approximately
at the C2 spinous process.
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(middle layer), and oblique capitis superior, rectus
capitis major (deep layer) are detached from the occipital bone and retracted posteriorly. The VA will be readily apparent with its pulsation in the fibrofatty tissue
rostral to the C1 lamina.3 A dense venous plexus covers
the V3 segment of the VA. This vertebral venous plexus
should be stripped away about 1 cm in length from the
VA and packed with Surgicel cotton.

Preparation of the Radial Artery Graft

FIGURE 71–4 Skin incision for V3–RA–P2 bypass. The scalp
incision is designed in an S-shaped fashion to obtain the superficial temporal artery (STA) and occipital artery (OA) pedicle and
to perform a combined supra- and infratentorial transpetrosal
approach.

STA and OA Preparation and Scalp Elevation
The skin incision should remain directly over the parietal
branch of the STA to avoid creating any scalp flap. After
the skin is incised, fatty tissue and areolar tissue can be
identified overlying the artery. This tissue should be
torn away from the artery by using the bipolar forceps
with the tiny branch coagulated. Any periadventitial
tissue should be stripped away from the artery to avoid
kinking and constriction of the pedicle. The distal portion of the occipital artery is also identified under the
areolar tissue along with the greater occipital nerve.3
The scalp is elevated in two layers. First, elevate the
galeocutaneous layer, leaving the periosteum over the
bone. Next, incise the temporal muscle along the linear
tempolaris and retract the muscle flap inferiorly. This
temporal muscle flap is used to cover the drilled surface
of the temporal bone at the time of closure.

Exposure of the V3 Portion
A posterior lateral neck dissection is performed to dissect
the OA pedicle and expose the V3 segment. Reflection
of the scalp and superficial fascia will expose the superficial-layer muscle, which is composed of the trapezius
and sternocleidomastoid muscle (SCM). Detach the
SCM from the mastoid tip and partially divide the trapezius muscle. The middle layer is composed of the
splenius capitis, longissimus capitis, and semispinalis. A
small cuff of the splenius capitis is left in place at the
occiput. The OA is identified where it courses below
the digastric muscle. The dissection is followed distally
where the OA penetrates the galea with the greater
occipital nerve. The splenius capitis, semispinalis capitis

Through a gently curved longitudinal incision, the
artery is identified distally on the volar forearm between
the tendons of the flexor carpi radialis and brachioradialis muscles (Fig. 71–3). It is traced proximally, where it
lies under the brachioradialis muscle. Its side branches
are occluded with bipolar forceps. The concomitant
veins are preserved to revasculize the radial artery by an
end-to-end anastomosis later. The radial artery is not
harvested until the surgeon is ready for the intracranial
anastomosis. The surgeon must distend the RA with
heparinized saline to release any twists.

Craniotomy
The procedure of the combined transpetrosal retrolabyrinthine approach is described elsewhere in detail.4,5
Briefly, an L-shaped craniotomy is performed. Using a
surgical saw, we remove the cortical bone of the mastoid
process. First, the sigmoid sinus is skeletonized. An air cell
is removed to expose the middle fossa dura, sinodural
angle, and presigmoid dura. The superior petrosal sinus
is divided and the tentorium is split. In this extent of the
presigmoid approach, we retract the temporal lobe to
create a room for the PCA–RA anastomosis.

Intracranial Anastomosis
The arachnoid around the SCA and PCA is opened at
the perimesencephalic segment.6 A silicon dam is inserted beneath the free segment of the recipient artery.
We always perform the STA–SCA anastomosis prior to
the PCA–RA anastomosis. To eliminate blood and cerebrospinal fluid (CSF) from the working area, a Silastic
tube is placed at the bottom of the surgical field and
connected with a continuous suction tube. We prefer to
use a 5F feeding tube for this purpose. At this stage, the
RA is harvested. The distal end of the RA is anastomosed
to the PCA. The distal end of the RA is cut obliquely and
fish-mouthed. The adventitia is peeled off over the distal
1 cm of the donor artery. This is important to perform
microvascular anatomosis in the depth to prevent the
ligature from sticking to the perivascular tissue. Then a
methylrosaniline chloride (pyoctaninum blue) is put on
the orifice of the RA.7 Before placing a temporary clip,
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FIGURE 71–5 Anatomical basis of the radial artery and surrounding
structures. There is usually a pair of concomitant veins on both sides
of the radial artery. They have many branches connecting with each
other. The dominant one of them is used for reconstruction of the
radial artery.

the dye is also put on the surface of the P2 to show the
line of arteriotomy, which should be the same length as
the RA opening. The proximal and distal ends of the
PCA are temporarily occluded with temporary clips. A
longitudinal arteriotomy is made with microscissors.
The lumen is irrigated with heparinized saline. We prefer to use the long, bayonet-shaped microneedle holder
and forceps for anastomosis in the deep operative field.
The anastomosis is performed with an interrupted 8–0
or 9–0 monofilament nylon suture. A temporary clip on
the RA is then placed close to the anastomosis site, and
the temporary clips on the PCA are removed. The PCA
is sometimes involved in various degrees of arteriosclerosis. Before applying a temporary clip, we sometimes
use a small cotton strap that strangles the PCA at the site
of temporary occlusion. This is particularly effective
when the sclerosis is so severe that the temporary clipping
may cause incomplete occlusion of the PCA.

Tunnel
A small cruciate slit must be made in the retrosigmoid
suboccipital dura at the entrance point of the radial

artery graft. To bring the RA graft to the posterior lateral
neck, we introduce the proximal end of the RA graft
from the subtemporal region to the retrosigmoid dura.
This route minimizes the length of the RA graft (usually
10–12 cm), which is shorter than the ECA–PCA
bypass and courses intradurally except for the initial
several centimeters.

Proximal Anastomosis
Prior to suturing, the surgeon must distend the RA
graft to release any twists. The RA graft is usually anastomosed to the VA in a side-to-end fashion. The proximal end of the RA is then obliquely cut and fishmouthed. A pyoctaninum dye is put on the orifice. The
VA is trapped with aneurysm clips. The line of the arteriotomy is either parallel or oblique to the axis of the
VA depending on the graft adjustments. The VA is then
opened with microscissors. We prefer to use the 4.0 mm
vascular punch to make an oval arteriotomy. The RA is
anchored with 7–0 or 8–0 Prolene sutures at both
ends. The anastomosis is then performed by a running
suture. After the proximal suture is completed, the
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clips on the RA graft are released. A perfusion pressure
of the SCA can be measured through the STA–SCA
bypass.

Closure
To prevent CSF leakage, we utilize temporal muscle as a
rotation flap. First, the temporal muscle flap is rotated
over the petrous bone to seal the mastoid air cell. In
addition, the superior edge of the temporal muscle is
sewed to the presigmoid and temporal dura.

Outcome
Case 1
After the bypass surgery, this patient’s symptoms did not
improve until 1 month later, when he was able to sit. He
was discharged from the hospital for rehabilitation
2 months postoperatively. The symptoms continued to
improve to the point that gait training was started at
6 months postoperatively; however, he contracted pneumonia at 13 months postoperatively, complicated with
myocardial infarct, and died.

Case 2
SPECT postoperatively showed the findings of temporary
hyperperfusion in the bilateral thalamic regions; however, the symptoms remarkably improved to the same
level at the time of the first discharge. The patient has
returned to his premorbid occupation with a slight right
hemiparesis and Wallenberg syndrome. Five years postoperatively, the bypass is patent with no recurrence of
the symptoms on antifibrinolytic medication.

Key Points
Proximal occlusion or trapping of the basilar artery may
be an effective alternative treatment for a mid- to lower
basilar trunk aneurysm when clip occlusion of the
aneurysm is impossible because of the size of the neck,
fusiform dilatation of the basilar trunk, or a thrombosed nature. The V3–RA–PCA bypass can prevent
hemodynamic ischemia when the occlusion of the proximal basilar or VA is necessary to exclude the aneurysm
from the normal circulation. A neoplasm that engulfs or
invades the BA may also be treated by using this bypass
method for reconstruction. Although the ECA–MCA
bypass was shown to be ineffective for the prevention of
strokes by the EC–IC cooperative study,8 we have
employed the V3–RA–PCA bypass in five cases of medically intractable basilar stenosis. To date, we have
employed the V3–RA–PCA bypass in 13 patients with

complex posterior fossa aneurysm and five cases with
severe stenoocclusive lesion in the BA.
Different from chronic occlusive cerebrovascular disease, it is uncertain whether the STA–SCA provides sufficient volume of cerebral blood flow in the case that
requires an abrupt occlusion of the BA.1,9 A balloon
occlusion test may show a false negative, resulting in
delayed ischemia.9 Moreover, thromboembolic complication in the balloon occlusion test is not negligible in patients with a thrombosed vertebrobasilar large aneurysm.
We have employed the V3–RA–PCA bypass in patients
with either the presence of a hypolastic PCA or a P1
segment of the PCA without further assessing collateral
circulation by a balloon occlusion test. In patients with
a well-developed PCA and P1 segment, however, the
necessity of bypass surgery remains controversial.1,9
Although the PCA bypass has advantages over the other
low-flow bypasses in the aspect of cerebral circulation, the
major drawback is its technical difficulty. The temporary
occlusion time is 25 minutes, which is double the time
the author usually requires for the STA–MCA anastomosis. The contusion of the temporal lobe is also a possible
complication; however, we recommend the V3–RA–PCA
bypass rather than the ECA–saphenous–PCA bypass for
several reasons:
1. Easy access to the donor site in the semiprone
position
2. A relatively short interposition graft
3. Easy handling of the arterial graft
4. Less occurrence of the hyperperfusion syndrome
Surgical management of the thrombosed giant basilar
aneurysm still remains a difficult challenge. The proximal occlusion may induce incomplete thrombosis, which
leads to enlargement and rupture of the aneurysm. In
addition, the use of a high-flow bypass may not guarantee
successful aneurysm thrombosis. Meanwhile, unpredictable excessive thrombosis results in catastrophic
brain stem infarction. The described technique for
V3–RA–PCA bypass procedures should be considered as
an alternative to the STA–SCA anastomosis to prevent
hemodynamic ischemia in the multimodality treatment
of the giant basilar trunk aneurysm. It is necessary to develop antiplatelet or anticoagulant therapy as well as intravascular surgery to decrease the risk of ischemic complications due to thrombosis or embolism.
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ACoA. See Anterior communicating artery
Acoustic neuroma
angiomatous, 149–151, 150f
hearing preservation with, 152–155, 153f–154f
in internal auditory canal, 156–158, 157f–158f
Adenectomy, giant nonfunctioning pituitary adenoma, 188–189,
190–191
outcomes, 189, 190f–191f, 191
Adenoma
giant nonfunctioning pituitary, 188–193, 189f–191f
macroadenoma apoplexy, subarachnoid hemorrhage with,
182–187, 183f–185f
AICA. See Anterior inferior cerebellar artery
Anastomoses
end-to-end, of superficial cortical vein, 219–223, 221f–222f
in PCA–VA radial artery graft bypass
intracranial, 342–343
proximal, 343–344
Aneurysmectomy, partial, for thrombosed giant vertebral artery
aneurysm, 97
Aneurysms
basilar. See Basilar artery aneurysms
bilateral, subarachnoid hemorrhage and, 182–187, 183f–185f
giant. See Giant aneurysms
internal carotid artery
giant intracavernous and carotid ophthalmic, 22–25, 23f
left ICA, 7–10, 8f
at posterior communicating artery junction, 42–46, 43f
superior wall, 38–41, 39f–41f
middle cerebral artery. See Middle cerebral artery aneurysms
right pericallosal artery, 7–10, 8f
superior hypophyseal artery, 26–31, 28f
vertebral artery. See Vertebral artery, thrombosed giant
aneurysm of
vertebrobasilar, PCA–VA radial artery graft bypass for, 338,
339f–343f, 340–345
Angiography
digital subtraction. See Digital subtraction angiography
intraoperative. See Intraoperative angiography
Angioma, cavernous, in medulla oblongata, 289–292, 290f–291f
Angiomatous acoustic neuroma, 149–151, 150f
Anterior cervical transcorporeal approach, to premedullary
cervical meningioma, 302–305, 303f–304f
Anterior choroidal artery, intraoperative monitoring of,
42–46, 44f
Anterior clinoidectomy, selective, for ruptured basilar bifurcation
aneurysm, 71–75, 72f–74f

Anterior communicating artery
giant aneurysm of, 47–51, 48f–49f
recurrent craniopharyngioma and, 179, 179f, 180, 181
subarachnoid hemorrhage and, 183–184, 184f
Anterior craniofacial approach, to skull base chondrosarcoma,
271–275, 272f–274f
Anterior inferior cerebellar artery
aneurysm in pediatric patient, 106–109, 107f
and basilar trunk aneurysm, 82–86, 83f–85f
large cerebellopontine angle AVM and, 123–125, 124f
Apoplexy, of pituitary macroadenoma, subarachnoid hemorrhage
with, 182–187, 183f–185f
Approaches. See individually named approaches
Arachnoid membrane
large calcified craniopharyngioma removal and, 168, 172f
vestibular schwannoma removal and, 154
Arterial occlusion
basilar, 80, 81
PCA–VA radial graft bypass for, 338, 339f–343f, 340–345
innominate, 115–119, 116f
left internal carotid, 120–122, 121f
Arteriotomy, for emergency recanalization of inferior M2 trunk,
38–41, 39f–41f
Arteriovenous malformation
cerebellopontine angle, 123–126, 124f
high-flow cerebral, post-excision retrograde thrombosis
complicating, 127–131, 128f–131f
intramedullary spinal, 295, 296f, 297
Astrocytoma, pilocytic, removal from brain stem and thalamus,
139–144, 141f, 143f
Auditory artery, vestibular schwannoma removal and, 154
AVM. See Arteriovenous malformation
Axilloaxillary bypass, for symptomatic carotid stenosis with
innominate artery occlusion, 115–119, 116f–117f
Axis vertebra, absent posterior elements, cervical spondyloptosis
and, 322–325, 323f–324f
Balloon test occlusion
for giant fusiform aneurysm of middle cerebral artery, 55
giant ICA–SHA aneurysm and, 29–30
giant paraclinoid aneurysm and, 13, 15
for large basilar trunk aneurysm in pediatric patient, 89
Basilar artery
aneurysms of. See Basilar artery aneurysms
distal, surgical approaches to, 91
occlusion of, 80, 81
stenosis of
PCA–VA radial graft bypass for, 338, 339f–343f, 340–345
vertebrobasilar TIAs due to, 110–114, 111f

347

13830_Ind.qxd

2/4/05

348

11:48 AM

Page 348

Index

Basilar artery aneurysms
bifurcation
with failed surgery, 62–66, 63f–64f
ruptured, backward-projecting, 71–75, 72f–74f
top, high-positioned giant, 67–70, 68f
trunk, 82–86, 83f
large, in pediatric patient, 87–92, 88f–90f
retrolabyrinthine presigmoid approach to, 82–86, 83f
Bifrontal cavernoma, 276–279, 277f–278f
Blood-sparing techniques, in giant meningeal
hemangiopericytoma surgery, 246–247
prognostic criteria, 247–248
Bone grafts
for cervical spondyloptosis, 323–324, 324f
iliac crest, in cervical spine corpectomy, 303, 303f, 304
Brachium pontis, cavernous hemangioma in, 284–288, 285f–286f
Brain, olfactory neuroblastoma invading, 194–197, 195f–196f
Brain stem
compression
cavernoma of, 280–283, 281f–282f
foramen magnum meningioma and, 238, 239f–241f, 240–243
ependymoma with intratumoral hemorrhage, 145–148,
146f–147f
pilocytic astrocytoma removal from, 139–140, 141f
BTO. See Balloon test occlusion
Butterfly frontal lesion, giant bifrontal cavernoma and, 276–279,
277f–278f
Bypass procedures. See specific bypass procedures
Calcification, of large craniopharyngioma, 168–169, 169f–172f,
172–173
Cardiac arrest, hypothermic, giant AICA in pediatric patient and,
106–109, 107f
Carotid artery
internal. See Internal carotid artery
reconstruction of, 120–122, 121f
skull base meningioma invading, 206–210, 207f–209f
symptomatic stenosis of, with innominate artery occlusion,
115–119, 116f
Carotid cave aneurysm, 3–6, 4f–5f
Carotid endarterectomy
for left internal carotid artery occlusion, 120–122–121f
for symptomatic carotid stenosis with innominate artery
occlusion, 115–119
Carotid ophthalmic aneurysm, 22–25, 23f
Cavernoma
cerebral peduncle, 280–283, 281f–282f
giant bifrontal, 276–279, 277f–278f
Cavernous angioma, in medulla oblongata, 289–292, 290f–291f
Cavernous hemangioma, in brachium pontis, 284–288,
285f–286f
Cavernous sinus
bilateral extension of chordoma into, 266–270, 267f–268f
dermoid cyst in, 249–251, 250f
giant petroclival meningioma and, 229, 230f, 231–233, 232f
Cavitron Ultrasonic Aspirator, 300
CCJ (craniocervical junction), foramen magnum meningioma
and, 243
CEA. See Carotid endarterectomy
Cerebellar vermis, high-flow AVM of, post-excision retrograde
thrombosis complicating, 127–131, 128f–131f
Cerebellopontine angle
angiomatous acoustic neuroma in, 149–151, 150f
arteriovenous malformation in, 123–126, 124f
Cerebral hemodynamics, compromised, 115–119, 116f
Cerebral peduncle cavernoma, 280–283, 281f–282f

Cerebral revascularization, giant paraclinoid aneurysm and,
11–17, 12f
Cerebrospinal fluid leakage
chordoma of whole clivus and, 255
preventing in petroclival meningioma management, 228
recurrent clivus chordoma and, 260
Cervical spine
chordoma of, in pediatric patient, 306–311, 307f–310f
intraosseous tumor of, 312–316, 313f, 315f
schwannoma of, 298, 299f–300f, 300–301
spondyloptosis of, 322–325, 323f–324f
Cervical spine corpectomy
for meningioma, 302–305, 303f–304f
for schwannoma, 312–314, 315, 315f
Chondrosarcoma, in skull base, 271–275, 272f–274f
Chordoma
bilateral cavernous sinus extension of, 266–270, 267f–268f
cervical, in pediatric patient, 306–311, 307f–310f
clivus
extensive intra-extradural, 252–256, 253f–254f
recurrent, 257–265, 258f–264f
Circulatory arrest, hypothermic, giant AICA in pediatric patient
and, 106–109, 107f
Clinoidal meningioma
carotid artery invasion by, 206–210, 207f–209f
internal carotid artery encasement by, 211, 212f–213f,
213–214
in optic canal, 215–218, 216f–217f
Clinoidectomy, selective anterior, for ruptured basilar bifurcation
aneurysm, 71–75, 72f–74f
Clipping technique. See also Neck clipping
for basilar bifurcation aneurysm, 62–66, 63f–64f
ruptured, 71–73, 72f–73f
for basilar trunk aneurysm, 84, 85–86, 85f
for giant ACoA aneurysm, 47–51, 49f
for giant fusiform midbasilar artery aneurysm, 79, 79f
for high-positioned giant basilar top aneurysm, 69f, 70
for large basilar trunk aneurysm, in pediatric patient, 90
for large cerebellopontine angle AVM, 123–124, 125f
for large thrombosed vertebral artery aneurysm, 103, 104
in middle cerebral artery reconstruction, 58–61, 60f
multiple fenestrated, internal carotid artery obliteration and,
42–46, 43f
for multiple paraclinoid aneurysms, 3–6, 4f–5f
for superior wall aneurysm of proximal ICA, 38–41, 39f–41f
for thrombosed giant dissecting aneurysm of vertebral artery,
93, 94f–95f, 96
Clival tumors
chordoma
extensive intra-extradural, 252–256, 253f–254f
recurrent, 257–265, 258f–264f
petroclival. See Petroclival meningioma
recurrent, 257, 258f–261f, 259–261, 262f–264f, 263–265
Coagulation of nidus, large cerebellopontine angle AVM and,
123–124, 125f
Coil embolization. See Embolization
Collateralization, via vasa vasorum, thrombosed giant aneurysm of
vertebral artery and, 97–100, 98f–99f
Contralateral approach, of large thrombosed vertebral artery
aneurysm, 101–105, 103f
COZ approach. See Cranioorbital zygomatic approach
Cranial base. See Skull base; Skull base surgery
Cranial nerves
dermoid cyst of cavernous sinus and, 250
foramen magnum meningioma and, 240
giant petroclival meningioma and, 229, 230f, 231–233, 232f
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intraoperative electrical monitoring of, 146, 147, 147f
recurrent clivus chordoma and, 261, 263–264, 264f
Craniectomy, suboccipital, 97
Craniocervical junction, foramen magnum meningioma and, 243
Craniofacial resection, for fibrous dysplasia, 333–337, 334f–335f
Craniofix plate, in management of multiple intracranial
aneurysms, 9
Cranioorbital zygomatic approach
to invasive chordoma of cavernous sinus, 268f, 269
for removal of giant retrochiasmatic craniopharyngioma,
164–165
Craniopharyngioma
giant retrochiasmatic, 164–167, 165f, 166f
large calcified, 168–169, 169f–172f, 172–173
large suprasellar, 174–177, 175f–177f
recurrent, 178–181, 179f–180f
Craniotomy
basilar bifurcation aneurysm and, 62–66, 64f
cavernous angioma and, 289, 291f
foramen magnum meningioma and, 238, 239, 239f
giant ACoA aneurysm and, 47–51, 49f
for giant fusiform midbasilar artery aneurysm, 78, 78f–79f
in multiple intracranial aneurysms management, 8, 9f
for multiple paraclinoid aneurysms, 4, 4f
orbitozygomatic, dermoid cyst of cavernous sinus and, 249–250
in PCA–VA radial graft bypass, 342
in petroclival meningioma management, 224–228, 225f–227f
for petroclival meningioma with fibrous capsule, 234–235, 235f
for recurrent clivus chordoma, 259, 259f
skull base chondrosarcoma and, 271–272, 273f
supraorbital, for frontobasal meningiomas, 201–202, 203f, 204
Craniovertebral anomaly, cervical spondyloptosis and, 322–325,
323f–324f
CSF leakage. See Cerebrospinal fluid leakage
CUSA (Cavitron Ultrasonic Aspirator), 300
Cyst, dermoid, in cavernous sinus, 249–251, 250f
Debulking, of tumor, in vestibular schwannoma removal, 154
Deflation
of giant AICA aneurysm in pediatric patient, 107, 108f
of giant ICA–SHA aneurysm, 30–31
Dermoid cyst, in cavernous sinus, 249–251, 250f
Digital subtraction angiography
of basilar bifurcation aneurysm, 65
of carotid artery, skull base meningioma and, 207, 208f
giant meningeal hemangiopericytoma, 244, 246f
of MCA aneurysms, 58, 59f
in subarachnoid hemorrhage, 183, 184f
of venous malformation associated with cavernous angioma,
289, 290f
Dislocation, spinal, cervical spondyloptosis and, 322–325,
323f–324f
Dominant hemisphere tumor, of insula, 135–138, 136f
DSA. See Digital subtraction angiography
EC–IC bypass. See Extracranial–intracranial venous bypass graft
Electrophysiological monitoring
of anterior choroidal artery, 42–46, 44f
of cranial nerves, 146, 147, 147f, 148
during schwannoma removal, 154
Embolization
cerebral AVM excision without, 127–131, 128f–131f
of giant ACoA aneurysm, 47–51, 49f
of giant meningeal hemangiopericytoma, 245, 246f
of thrombosed giant aneurysm of vertebral artery, 97–100,
98f–99f
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En bloc resection, of olfactory neuroblastoma, 194–197,
195f–196f
Encephalitis, Rasmussen’s, 329–332, 330f–331f
End-to-end anastomosis, of superficial cortical vein, 219–223,
221f–222f
Endarterectomy, right carotid, for symptomatic carotid stenosis
with innominate artery occlusion, 115–119, 116f
Endoarterial approach, ruptured basilar bifurcation aneurysm
and, 62, 63f
Endosaccular coiling, for large basilar trunk aneurysm, 91
Endoscopy, in schwannoma removal from internal auditory canal,
156–158, 157f–158f
Endovascular coiling
for giant fusiform aneurysm of middle cerebral artery, 55, 56
for thrombosed giant aneurysm of vertebral artery, 97–100,
98f–99f
Endovascular therapy
giant ICA–SHA aneurysm and, 27, 29
for large basilar trunk aneurysm in pediatric patient, 88–89, 89f
Ependymoma, with intratumoral hemorrhage, 145–148,
146f–147f
Epilepsy partialis continua, 329–332, 330f–331f
Extended transsphenoidal approach, to invasive chordoma of
cavernous sinus, 270
Extended transsphenoidal skull base technique, for large
suprasellar craniopharyngioma removal, 174–177,
175f–177f
Extracranial–intracranial venous bypass graft
giant aneurysm of subclinoidal ICA and, 19
for giant fusiform aneurysm of middle cerebral artery, 52–55,
53f–55f, 57
giant ICA–SHA aneurysm and, 27, 29f
giant intracavernous and carotid ophthalmic aneurysms and,
22, 23f, 24
giant paraclinoid aneurysm and, 13, 14f
for ruptured basilar bifurcation aneurysm, 71–75, 72f–74f
skull base meningioma and, 206–210, 207f–209f
Falx meningioma, 219–223, 220f–222f
Fenestrated clips
ICA obliteration and, 42–46, 44f
for MCA reconstruction, 58–61, 60f
Fibrous capsule, petroclival meningioma with, 234–237,
235f–236f
Fibrous dysplasia, of paranasal sinuses and anterior cranial base,
333–337, 334f–335f
FLAIR images. See Fluid-attenuated inversion recovery images
Fluid-attenuated inversion recovery images
in subarachnoid hemorrhage, 183, 184f
of thrombosed giant aneurysm of vertebral artery, 97, 98f
Fluoroscopy, cervical spine schwannoma and, 312, 314
Foramen magnum meningioma, with brain stem compression,
238, 239f–241f, 240–243
Foramen of Monro, giant retrochiasmatic craniopharyngioma
and, 164, 165f
Frontobasal meningiomas, 202f
supraorbital keyhole craniotomy for, 201–202, 203f, 204
Fusiform aneurysm, giant
of midbasilar artery, 77–81, 78f–80f
of middle cerebral artery, 52–57, 53f–55f
Galeal flap, in skull base chondrosarcoma surgery, 272,
273f–274f, 274
Gamma knife surgery, for recurrent craniopharyngioma removal,
178, 179f, 180, 181
GDC. See Guglielmi detachable coil
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Giant aneurysms
AICA, in pediatric patient, 106–109, 107f
of anterior communicating artery, 47–51, 48f–49f
basilar top, high-positioned, 67–70, 68f
fusiform
midbasilar artery, 77–81, 78f–80f
middle cerebral artery, 52–57, 53f–55f
internal carotid artery, 26–31, 28f
regrowth after neck clipping, 32–37, 35f
subclinoidal, 18–21, 19f
of internal carotid artery, at posterior communicating artery
junction, 42–46, 43f
intracavernous, of left carotid artery, 22–25, 23f
middle cerebral artery
fusiform, 52–57, 53f–55f
proximal, 58–61, 59f–60f
paraclinoid, 11–17, 12f
of proximal MCA, 58–61, 59f–60f
vertebral artery. See Vertebral artery, thrombosed giant
aneurysm of
Giant cavernoma, bifrontal, 276–279, 277f–278f
Giant cell sarcoma, of thoracic spine, 317–319,
318f–320f, 321
Giant meningeal hemangiopericytoma, 244–248, 245f–247f
Giant meningioma
end-to-end anastomosis and, 219–223, 220f–222f
radical total resection of, 229, 230f, 231–233, 232f
Giant retrochiasmatic craniopharyngioma, 164–167, 165f, 166f
Glioma, dominant hemisphere insular, 135–138, 136f
Grafts
bone. See Bone grafts
strut, cervical spine schwannoma and, 314, 315f
venous bypass. See Extracranial–intracranial venous
bypass graft
Guglielmi detachable coil
giant ACoA aneurysm and, 47–51, 48f–49f
for large basilar trunk aneurysm in pediatric patient, 88, 89f
retrieval of, 38–41, 39f–40f
for thrombosed giant aneurysm of vertebral artery, 97–100,
98f–99f
Halo traction
after clival chordoma surgery, 254, 256
in cervical chordoma surgery, 306, 308
Hearing preservation, with acoustic neuroma removal, 152–155,
153f–154f
Hemangioma, cavernous, in brachium pontis, 284–288,
285f–286f
Hemangiopericytoma, giant meningeal, 244–248, 245f–247f
Hemispheric disconnection, Rasmussen’s encephalitis and,
330, 330f
Hemispherotomy, periinsular, for epilepsy partialis continua,
329–332, 330f–331f
Hemorrhage
intratumoral, ependymoma with, 145–148, 146f–147f
subarachnoid, 182–187, 183f–185f
High-positioned giant basilar top aneurysm, 67–70, 68f
Hunterian ligation
for large basilar trunk aneurysm, 91
for thrombosed giant aneurysm of vertebral artery, 99
Hypervascular acoustic neuroma, 149–151, 150f
Hypoplasia, of ICA, ruptured basilar bifurcation aneurysm with,
71–75, 72f–74f
Hypothermia
giant AICA in pediatric patient and, 106, 108
high-positioned giant basilar top aneurysm and, 68, 70

Iliac crest autograft, in cervical spine corpectomy, 303, 303f, 304
Inferior M2 trunk, emergency recanalization of, 38–41, 39f–41f
Infratemporal approach, to high-positioned giant basilar top
aneurysm, 68, 69f, 70
Innominate arterial occlusion, 115–119, 116f
Instrumentation, for extended transsphenoidal skull base
technique, 176–177, 177f
Insula, dominant hemisphere tumor of, 135–138, 136f
Interhemispheric approach
in multiple aneurysm management, 7–10, 9f
to recurrent craniopharyngioma removal, 178–181,
179f–180f
transcallosal–transventricular, for brain stem tumor removal,
140, 141f, 142
Internal auditory canal, vestibular schwannoma from, 156–158,
157f–158f
Internal carotid artery
clinoidal meningioma encasing, 211, 212f–213f, 213–214
giant aneurysm of, 26–31, 28f
at posterior communicating artery junction, 42–46, 43f
regrowth after neck clipping, 32–37, 35f
subclinoidal, 18–21, 19f
hypoplasia of, ruptured basilar bifurcation aneurysm with,
71–75, 72f–74f
left. See Left internal carotid artery
multiple paraclinoid aneurysms of, 3–6, 4f–5f
proximal, superior wall aneurysm of, 38–41, 39f–41f
subarachnoid hemorrhage and, 183, 184f–185f
Internal carotid artery-posterior communicating artery junction
aneurysm, 42–46, 43f
Intracavernous aneurysm, giant, of left carotid artery,
22–25, 23f
Intracranial aneurysms, multiple, 7–10
Intramedullary arteriovenous malformation, of spine, 295,
296f, 297
Intraoperative angiography
giant ICA–SHA aneurysm and, 27, 29f, 31
giant paraclinoid aneurysm and, 15, 16f
large cerebellopontine angle AVM and, 124, 125f, 126
Intraoperative monitoring
electrical. See Electrophysiological monitoring
during intramedullary spinal AVM excision, 295, 297
during schwannoma excision, 298
Intraosseous tumor, of cervical spine, 312–316, 313f, 315f
Intratumoral hemorrhage, ependymoma with, 145–148,
146f–147f
Ischemia, giant ICA–SHA aneurysm and, 30
Jugular tubercle, meningioma of, with brain stem compression,
238, 239f–241f, 240–243
Kerrison punches, 8
Key-hole microneurosurgery, for multiple intracranial aneurysms,
7–10, 9f
Laminectomy
for cervical spine schwannoma, 312, 314–315
emergency, for osteolytic tumor of thoracic spine, 317
Laminoplasty, for cervical spine schwannoma, 298, 300, 300f
Language mapping, in paraphasic patient, 135, 136, 137f, 138
Laughter, pathological, 159
Lefort maxillotomy, 255
Left internal carotid artery
aneurysms of, 7–10, 8f
giant intracavernous and carotid ophthalmic, 22–25, 23f
occlusion of, 120–122, 121f
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Macroadenoma, pituitary, subarachnoid hemorrhage with,
182–187, 183f–185f
MCA aneurysms. See Middle cerebral artery aneurysms
Medulla oblongata
cavernous angioma in, 289–292, 290f–291f
large ependymoma in, 145–148, 146f–147f
Meningeal hemangiopericytoma, giant, 244–248, 245f–247f
Meningioma
clinoidal. See Clinoidal meningioma
foramen magnum, with brain stem compression, 238,
239f–241f, 240–243
frontobasal, 202f
supraorbital keyhole craniotomy for, 201–202, 203f, 204
giant falx, 219–223, 220f–222f
olfactory groove, 198–200, 199f
petroclival, 224–228, 225f–227f
skull base, carotid artery invasion by, 206–210, 207f–209f
spinal, 302–305, 303f–304f
Meningitis, after chordoma surgery, 254
MEPs (motor evoked potentials), ICA obliteration and,
42–46, 44f
Midbasilar artery, giant fusiform aneurysm of, 77–81, 78f–80f
Middle cerebral artery aneurysms
difficult, 58–61, 59f–60f
giant fusiform, 52–57, 53f–55f
giant proximal, 58–61, 59f–60f
Middle fossa approach, to large calcified craniopharyngioma,
168–169, 170f–172f
Midline suprasellar tumor, 174–177, 175f–177f
Minimally invasive surgery, for multiple intracranial aneurysms,
7–10, 9f
Motor evoked potentials, ICA obliteration and, 42–46, 44f
Nasal cavity, fibrous dysplasia of, 333–337, 334f–335f
Nasoethmoidal complex, fibrous dysplasia of, 333–337,
334f–335f
Neck clipping
aneurysm regrowth after, 32–37, 35f
giant intracavernous and carotid ophthalmic aneurysms and,
22–25, 24f
Neurinoma
large trigeminal, 159–163, 160f–161f
trigeminal, 159–163, 160f–161f
Neuroblastoma, olfactory, 194–197, 195f–196f
Neuroendoscopy, in schwannoma removal from internal auditory
canal, 156–158, 157f–158f
Neuroma. See Acoustic neuroma
Neuronavigation, for skull base operations, 147
Nidus, coagulation of, 124, 125f, 126
OA–PICA (occipital artery–posterior inferior cerebellar artery)
bypass, vertebrobasilar TIAs and, 113
Obliteration, of large ICA aneurysm, 42–46, 43f
Occipital artery, in PCA–VA radial graft bypass, 341
Occipital artery–posterior inferior cerebellar artery bypass,
vertebrobasilar TIAs and, 113
Occipital artery–superior cerebellar artery (OA–SCA) bypass, for
vertebrobasilar TIAs, 110–114, 112f–113f
Occlusion
arterial. See Arterial occlusion
temporary balloon, of large thrombosed vertebral artery
aneurysm, 101
trial balloon, giant aneurysm of subclinoidal ICA and, 18
Oculomotor nerves, giant intracavernous and carotid ophthalmic
aneurysms and, 23f
Olfactory groove meningioma, 198–200, 199f
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Olfactory neuroblastoma, 194–197, 195f–196f
Ophthalmic aneurysm, carotid, 22–25, 23f
Opt irrigator, large calcified craniopharyngioma and, 168, 172f
Optic canal, clinoidal meningioma in, 215–218, 216f–217f
Optic nerve
clinoidal meningioma and, 211, 212f, 215–218, 216f–217f
giant ACoA aneurysm and, 47–51, 48f–49f
Orbitozygomatic approach
to dermoid cyst of cavernous sinus, 249–250
to skull base chondrosarcoma, 271–275, 272f–274f
Orbitozygomatic osteotomy
for high-positioned giant basilar top aneurysm, 68, 69f
skull base meningioma and, 206–210, 207f–209f
Osteotomy
facial, olfactory neuroblastoma and, 194–197, 195f–196f
orbitozygomatic
for high-positioned giant basilar top aneurysm, 68, 69f
skull base meningioma and, 206–210, 207f–209f
in skull base surgery
for fibrous dysplasia, 334, 334f
olfactory neuroblastoma and, 194–197, 195f–196f
Oticocondylar transpetrosal approach, to large calcified
craniopharyngioma, 168–169, 170f–172f, 172
Paraclinoid aneurysms
giant, 11–17, 12f
multiple, 3–6, 4f–5f
Paramedian supracerebellar approach, vertebrobasilar TIAs and,
110–114, 112f–113f
Paranasal sinuses, fibrous dysplasia of, 333–337, 334f–335f
Parkinson’s triangle, dermoid cyst of cavernous sinus and,
250, 251
Partial labyrinthectomy petrous apicectomy, for recurrent clivus
chordoma, 261, 261f–262f, 263
Partial transcondylar approach, to recurrent clivus chordoma,
261, 261f
Pathological laughter, 159
PCA–VA radial graft bypass. See Posterior cerebral artery–vertebral
artery radial graft bypass
PCoA. See Posterior communicating artery
Pediatric patient
complex cervical chordoma in, 306–311, 307f–310f
fibrous dysplasia of paranasal sinuses and anterior cranial base
in, 333–337, 334f–335f
giant AICA aneurysm in, 106–109, 107f
large basilar trunk aneurysm in, 87–92, 88f–90f
MCA reconstruction in, 58–61, 59f–60f
Rasmussen’s encephalitis in, 329–332, 330f–331f
Pedicle screw fixation, for osteolytic thoracic tumor, 318–319,
319f–320f, 321
Pericallosal artery, right, aneurysms of, 7–10, 8f
Periinsular hemispherotomy, for epilepsy partialis continua,
329–332, 330f–331f
Petroclival meningioma, 224–228, 225f–227f
with fibrous capsule, 234–237, 235f–236f
giant, radical total resection of, 229, 230f, 231, 232f, 233
Petrosal approach, to giant retrochiasmatic craniopharyngioma,
165, 166f, 167
Petrosectomy, basilar trunk aneurysm and, 82, 84f, 85
PICA. See Posterior inferior cerebellar artery
Pilocytic astrocytoma, removal from brain stem and thalamus,
139–144, 141f, 143f
Pituitary tumor
giant nonfunctioning pituitary adenoma, 188–193, 189f–191f
macroadenoma, apoplexy of, subarachnoid hemorrhage with,
182–187, 183f–185f
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Plate fixation
in cervical chordoma surgery, 307–308
in cervical spinal corpectomy, 303, 303f, 304
PLPA (partial labyrinthectomy petrous apicectomy), for recurrent
clivus chordoma, 261, 261f–262f, 263
Posterior cerebral artery–vertebral artery radial graft bypass,
338–345
anastomoses in
intracranial, 342–343
proximal, 343–344
craniotomy in, 342
outcomes, 344
radial artery graft preparation in, 341f, 342
scalp elevation in, 342
STA and OA preparation in, 342
surgical sequence for, 341, 342f
tunnel construction in, 343
vertebral artery exposure in, 342
Posterior communicating artery
and internal carotid artery junction, large aneurysm at,
42–46, 43f
subarachnoid hemorrhage and, 183, 184f–185f, 186
Posterior inferior cerebellar artery
cavernous hemangioma and, 284, 285f–286f, 287
large cerebellopontine angle AVM and, 123–125, 124f
Premedullary cervical meningioma, 302–305, 303f–304f
Pretemporal approach, to cerebral peduncle cavernoma,
280–283, 281f–282f
Radial artery graft, STA–VA bypass and, 338–345, 339f–343f
outcomes, 344
preparation of, 341f, 342
tunnel construction for, 343
Radiotherapy, for giant nonfunctioning pituitary adenoma,
188–193, 189f–191f
Rasmussen’s encephalitis, 329–332, 330f–331f
Rebleeding, cerebral peduncle cavernoma and, 281, 281f
Recanalization, of inferior M2 trunk, 38–41, 39f–41f
Reconstruction
after olfactory neuroblastoma resection, 194–197, 195f–196f
after treatment of difficult MCA aneurysm, 58–61, 60f
of internal carotid artery, 120–122, 121f
giant aneurysm of subclinoidal ICA and, 19, 20f, 21f
giant ICA–SHA aneurysm and, clip selection for, 31
of vertebral artery after thrombectomy, 93, 94f–95f, 96
Recurrence
craniopharyngioma, 178–181, 179f–180f
giant nonfunctioning pituitary adenoma, 188–193, 189f–191f
Recurrent clivus chordoma, 257–265
extended subfrontal approach to, 263–265, 263f–264f
partial labyrinthectomy petrous apicectomy for, 261,
261f–262f, 263
partial transcondylar approach to, 261, 261f
subtemporal-infratemporal approach to, 259–260, 259f–260f
Resection
craniofacial, for fibrous dysplasia, 333–337, 334f–335f
of dominant hemisphere insular tumor, 135–136, 137f–138f
en bloc, of olfactory neuroblastoma, 194–197, 195f–196f
of giant aneurysm of subclinoidal ICA, 19, 20f, 21f
of pilocytic astrocytoma in thalamus, 142, 143f
radical total, of giant petroclival meningiomas, 229, 230f, 231,
232f, 233
of trigeminal neurinoma, 159, 161–162, 161f
Retrochiasmatic craniopharyngioma, 164–167, 165f, 166f
Retrograde venous thrombosis, after cerebral AVM excision,
127–131, 128f–131f

Retrolabyrinthine presigmoid approach, to basilar trunk
aneurysm, 82–86, 83f–85f
in pediatric patient, 89–90, 89f
Retrolabyrinthine transsigmoid approach, to petroclival
meningiomas, 224–228, 225f–227f
Right pericallosal artery, aneurysms of, 7–10, 8f
Ring clips
for basilar bifurcation aneurysm, 62–66, 63f–64f
for multiple paraclinoid aneurysms, 3–6, 4f–5f
Sarcoma, giant cell, of thoracic spine, 317–319, 318f–320f, 321
SCA (superior cerebellar artery), large cerebellopontine angle
AVM and, 124
Scalp elevation, in PCA–VA radial graft bypass, 342
Schwannoma
cervical spine, 298, 299f–300f, 300–301, 312–316, 313f, 315f
trigeminal, 159–163, 160f–161f
vestibular, 149–151, 150f
removal with hearing preservation, 152–155, 153f–154f
Seizure disorder, Rasmussen’s encephalitis and, 329–332,
330f–331f
Selective anterior clinoidectomy, 71–75, 72f–74f
Sigmoid sinus ligation, in petroclival meningioma management,
227, 227f
Skull base
chondrosarcoma in, 271–275, 272f–274f
chordoma extension into cavernous sinus and, 266–270,
267f–268f
fibrous dysplasia of, 333–337, 334f–335f
lesions of, 333–337, 334f–335f
meningioma of, 206–210, 207f–209f. See also Petroclival
meningioma
olfactory neuroblastoma and, 194–197, 195f–196f
Skull base surgery
clinoidal meningioma and, 211, 212f–213f, 213–214
for fibrous dysplasia, 333–337, 334f–335f
olfactory groove meningioma, 198–200, 199f
olfactory neuroblastoma and, 194–197, 195f–196f
for recurrent clivus chordoma, 263–265, 264f
Somatosensory evoked potentials
intramedullary spinal AVM and, 295, 297
schwannoma and, 298, 312, 314
Sphenoid sinus, fibrous dysplasia of, 333–337, 334f–335f
Sphenoidotomy, in large suprasellar craniopharyngioma
removal, 175
Spinal compression
cervical spondyloptosis and, 322–325, 323f–324f
complex cervical chordoma and, 306–311, 307f–310f
Spinal dislocation, cervical spondyloptosis and, 322–325,
323f–324f
Spinal lesions
cervical spondyloptosis, 322–325, 323f–324f
chordoma, in pediatric patient, 306–311
giant cell sarcoma, 317–319, 318f–320f, 321
intramedullary AVM, 295, 296f, 297
meningioma, 302–305, 303f–304f
schwannoma, 298, 299f–300f, 300–301, 312–316,
313f, 315f
Spondyloptosis, of cervical spine, 322–325, 323f–324f
SPS (superior petrous sinus), basilar trunk aneurysm and,
82, 84f, 85
SSEPs. See Somatosensory evoked potentials
STA–MCA bypass. See Superficial temporal artery–middle cerebral
artery bypass
STA–SCA bypass. See Superficial temporal artery–superior
cerebellar artery bypass
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Stenosis
basilar artery
PCA–VA radial graft bypass for, 338, 339f–343f, 340–345
vertebrobasilar TIAs and, 110–114, 111f
carotid artery, with innominate artery occlusion, 115–119,
116f–117f
middle cerebral artery, reconstructive surgery and, 58–61,
59f–60f
Stimulation mapping, in paraphasic patient, 136, 138
Strut graft, cervical spine schwannoma and, 314, 315f
Subarachnoid hemorrhage, 182–187, 183f–185f
Sublaminal wiring, for osteolytic thoracic tumor, 318–319,
319f–320f, 321
Suboccipital approach
retrosigmoid, to large vestibular schwannoma removal,
152–155, 153f–154f
for thrombosed giant aneurysm of vertebral artery, 97
Subtemporal approach, to basilar bifurcation aneurysm, 62–66,
63f–64f
Subtemporal–infratemporal approach, to recurrent clivus
chordoma, 259–260, 259f–260f
Superficial cortical vein, end-to-end anastomosis of, 219–223,
221f–222f
Superficial temporal artery, in PCA–VA radial graft bypass,
341–342
Superficial temporal artery–middle cerebral artery bypass
giant aneurysm of subclinoidal ICA and, 20
giant paraclinoid aneurysm and, 13, 14f, 16
Superficial temporal artery–superior cerebellar artery bypass
for giant fusiform midbasilar artery aneurysm, 78–80, 78–81,
79f–80f
vertebrobasilar TIAs and, 110–114, 112f–113f
Superior cerebellar artery, large cerebellopontine angle
AVM and, 124
Superior petrous sinus, basilar trunk aneurysm and, 82, 84f, 85
Supraorbital craniotomy, for frontobasal meningiomas, 201–202,
203f, 204
Suprasellar tumors, 174–177, 175f–177f
Surgical approaches. See individually named approaches
Temporary balloon occlusion, of large thrombosed vertebral
artery aneurysm, 101, 104
Temporary clip application, for large cerebellopontine angle
AVM, 123–124, 125f
Tentoriotomy
basilar trunk aneurysm and, 85
in large calcified craniopharyngioma removal, 168, 170f
Thalamus, pilocytic astrocytoma removal from, 140, 142, 143f
Thoracic spine, osteolytic tumor of, 317–319, 318f–320f, 321
Thrombectomy
for partially thrombosed giant dissecting aneurysm of vertebral
artery, 93, 94f–95f, 96
for thrombosed giant aneurysm of vertebral artery,
97–98, 99f
Thrombus/Thrombosis
basilar artery aneurysm, 340, 340f
difficult MCA aneurysm and, 58–61, 59f–60f
in giant vertebral artery aneurysm, 101–105, 102f
coil embolization for, 97–100, 98f–99f
partial aneurysmectomy for, 97
treatment strategies, 93, 94f–95f, 96
retrograde, after cerebral AVM excision, 127–131
vertebrobasilar artery aneurysm, 340, 341f
TIAs (transient ischemic attacks), vertebrobasilar, due to basilar
artery stenosis, 110–114, 111f
Timing of surgery, for giant ICA–SHA aneurysm, 30
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Transbasal approach
to chordoma of whole clivus, 252–256, 253f–254f
to invasive chordoma of cavernous sinus, 269
Transcerebellomedullary fissure approach, to cavernous
hemangioma in brachium pontis, 286–287
Transcondylar approach
to foramen magnum meningioma, 238, 239f–241f, 240–243
to invasive chordoma of cavernous sinus, 269
to large thrombosed vertebral artery aneurysm, 101–105, 103f
partial, to recurrent clivus chordoma, 261, 261f
Transcorporeal approach
anterior cervical, to premedullary cervical meningioma,
302–305, 303f–304f
to premedullary cervical meningioma, 302–305, 303f–304f
Transcrusal approach, to basilar trunk aneurysm, 84
Transient ischemic attacks, vertebrobasilar, due to basilar artery
stenosis, 110–114, 111f
Transmaxillary approach, to invasive chordoma of cavernous
sinus, 269–270
Transoral–transpalatal approach, to chordoma of whole clivus,
252–256, 253f–254f
Transpedicular approach, to osteolytic thoracic tumor, 318–319,
319f–320f, 321
Transpetrosal approach
to basilar trunk aneurysm, 84
oticocondylar, to large calcified craniopharyngioma, 168–169,
170f–172f, 172
Transsphenoidal approach, extended, to invasive chordoma of
cavernous sinus, 270
Transsylvian approach, ruptured basilar bifurcation aneurysm
and, 62, 63f
Transtentorial approach, to petroclival meningiomas, 224–228,
225f–227f
Trial balloon occlusion, giant aneurysm of subclinoidal ICA and,
18, 19–20
Trigeminal neurinoma, 159–163, 160f–161f
Triple-H therapy, postoperative giant paraclinoid
aneurysm and, 15
Tumor volume doubling time, 193
Tumors
cavernoma. See Cavernoma
cavernous angioma in medulla oblongata, 289–292, 290f–291f
cavernous hemangioma in brachium pontis, 284–288,
285f–286f
clival. See Clival tumors
craniopharyngioma. See Craniopharyngioma
debulking of, in vestibular schwannoma removal, 154
dermoid cyst in cavernous sinus, 249–251, 250f
giant meningeal hemangiopericytoma, 244–248, 245f–247f
meningioma. See Meningioma
pituitary. See Pituitary tumor
skull base chondrosarcoma, 272–275, 273f–274f
Tunnel construction, for radial artery graft, 343
TVDT (tumor volume doubling time), 193
Vasa vasorum, collateralization via, thrombosed giant aneurysm of
vertebral artery and, 97–100, 98f–99f
Vasospasm, subarachnoid hemorrhage and, 182–187, 183f–185f
Venous angioma, cavernous angioma associated with, 289–292,
290f–291f
Venous grafts
EC–IC bypass. See Extracranial–intracranial venous bypass graft
interposed, skull base meningioma and, 206–210, 207f–209f
Venous occlusion, retrograde, after excision of high-flow cerebral
AVM, 127–131, 128f–131f
Venous patch, for ICA reconstruction, 19, 20f, 21f
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Vertebral artery, thrombosed giant aneurysm of, 101–105, 102f
coil embolization, 97–100, 98f–99f
partial aneurysmectomy for, 97
partially dissecting, 93, 94f–95f, 96
treatment strategies, 93, 94f–95f, 96
Vertebral body, osteolytic tumor of, 318–319, 319f–320f, 321
Vertebrectomy, for osteolytic thoracic tumor of, 317–319,
318f–320f, 321
Vertebrobasilar aneurysms, PCA–VA radial graft bypass for, 338,
339f–343f, 340–345

Vestibular schwannoma, 149–151, 150f
removal from internal auditory canal, 156–158,
157f–158f
Visual system
clinoidal meningioma and, 215–218, 216f–217f
giant ACoA aneurysm and, 47–51, 48f–49f
subarachnoid hemorrhage and, 182–187, 183f–185f
Zygomatic–extended middle fossa approach, to invasive
chordoma of cavernous sinus, 268f, 269

