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Foreword

The unique association of vascular, neural, and endocrine
anatomy within the central skull base that comprises the
sellar and parasellar region and the varieties of patholo-
gies that arise in this part of the skull base provide con-
siderable challenges to the neurosurgeon. Management
of lesions in this region continues to generate consider-
able controversy, as there is often a fine balance between
treatment-outcome related to the pathology and the
morbidity produced by the management.

With this book, Edward Laws Jr. and Jason Sheehan have
edited the first comprehensive guide to the management
of the large varieties of pathologies that arise in the sellar
and parasellar area. Over the past two decades, changes in
management practices have been underpinned by a bet-
ter understanding of the nature of the pathology, improved
imaging, and a refinement of both surgical and radiation
therapy techniques. The location of the sellar and parasel-
lar region has challenged neurosurgeons (and radiothera-
pists) to develop innovative, refined approaches to the
region, often using the best of skull base, endoscopic, and

microsurgical techniques. These have been utilized within
the context of an improved understanding of the pathol-
ogy, with the imperative that the treatment (or therapy)
must optimize control of the pathology, while minimizing
morbidity.

This book collects the leaders in the various facets of the
management options that have evolved over the past two
decades. It covers the broad topics involved with evalua-
tion of the pathology and the variety of treatment options.
It is highly recommended to all neurosurgeons and radio-
therapists involved in the management of patients with
sellar and parasellar pathology.

Andrew H. Kaye, MB BS, MD, FRACS
James Stewart Professor of Surgery
Head, Department of Surgery

The University of Melbourne

Director, Department of Neurosurgery
The Royal Melbourne Hospital
Melbourne, Australia
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Preface

Since 1912, when Harvey Cushing published his seminal
work The Pituitary Body and Its Disorders, physicians have
had a high degree of interest in the management of sel-
lar and parasellar tumors. Certainly, the histopathology of
tumors in this area is broader than that of pituitary ad-
enomas alone. A variety of other tumors may arise from
this area of the skull base. This compact intracranial space
contains critical vascular, neuronal, and endocrine struc-
tures. Thus, when a pathologic entity affects the sellar and
parasellar region, pronounced clinical problems can arise.
The critical structures and their function similarly make
the diagnosis and treatment of such patients extremely
challenging.

Diagnosis and management of the sellar and parasellar
tumors require a thorough knowledge of the anatomy,
approaches, and therapeutic options available. In con-
temporary practice, patients with a sellar or parasellar
tumor frequently receive care from a variety of special-
ists, including neurological surgeons, otolaryngologists,

endocrinologists, radiologists, ophthalmologists, en-
docrine surgeons, radiation oncologists, and medical
oncologists.

The diagnostic and therapeutic algorithm for patients
with sellar and parasellar tumors is complex and intricate.
For some patients, single modality treatment may be suf-
ficient. For others, however, multimodality treatment will
be required to achieve long-term control of the tumor,
while at the same time hopefully achieving neurological
and hormonal preservation or improvement.

This book focuses on the diagnosis and management
of tumors in the sellar and parasellar regions of the skull
base. We wish to thank the authors of the chapters for
contributing to this work. In addition, we appreciate the
support and assistance of Thieme Medical Publishers, with
particular gratitude to Kay Conerly and Lauren Henry.

Our sincerest appreciation must be given to our wives,
Peggy and Diane, along with our families for support and
patience throughout this academic endeavor.
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1 Introduction and Historical Perspective

Edward R. Laws Jr. and Zachary N. Litvack

“As is true of all difficult operative procedures, the performance becomes
progressively simplified by the combined suggestion and experience of many.”

Ever since Pierre Marie recognized acromegaly as a pitu-
itary-related syndrome in 1886, intense vigor has charac-
terized the search for knowledge related to the anatomy,
physiology, and pathology of the pituitary gland.? Interdis-
ciplinary research and collaboration have allowed a dra-
matic transformation in the management of pathology of
the sellar and parasellar region. Over the past century, col-
laborative efforts have resulted in medical and surgical ad-
vances that allow us to preserve normal function, restore
vision, and restore to health a group of patients who were
once uniformly condemned to disability and death.

¢ Early Approaches to the Sellar and
Parasellar Region

Initial attempts at the surgical management of pituitary le-
sions were made primarily in patients with large lesions
who presented either with the characteristic visual loss
associated with compression of the optic chiasm or with
symptoms and stigmata of acromegaly. The first published
cases of treatment with craniotomy by Sir Victor Horsley
and others were not uniformly encouraging.> Because sur-
geons were unaware of the intricacies of the hypothalam-
ic-pituitary axis and unable to properly visualize the sella,
early procedures were blunt and largely blind attempts to
perform what would “generously” be called hypophysec
tomy. Horsley’s early attempts at subfrontal approaches
were plagued by complications secondary to the extent
of cerebral retraction necessary to visualize the sella. In
1893, under the encouragement of Horsley, Caton and Paul
in Liverpool used a subtemporal approach in a patient with
acromegaly* (Fig. 1.1). It would be another 15 years before
Schloffer attempted to use a more direct transnasal transs-
phenoidal route to the sella, which resulted in the patient’s
death due to cerebrospinal fluid leak and meningitis.” Not
discouraged by this early result, surgeons developed a vari-
ety of more successful transsphenoidal approaches nearly
simultaneously in the early 1900s. Kanavel and Kocher
introduced the sublabial approach, which Cushing popu-
larized while he was at Johns Hopkins®-® (Fig. 1.2). Oskar
Hirsch, then in Vienna, developed a transnasal transseptal

Harvey Cushing, 1912!

Frontal lobe —

Temporal lebe

Tumer of hypophysis

Bone flap
Tomporal muscle
Skin flap

Fig. 1.1 Example of the subtemporal approach originally reported by
Caton and Paul, and later refined by Walter Dandy. (lllustration by Max
Brodel, 1915. From the personal collection of Dr. Edward R. Laws Jr.)

approach, which became the basis for every subsequent
endonasal operation for pituitary lesions.®

In 1927, near the end of his tenure at the Peter Bent
Brigham Hospital in Boston, Cushing abandoned the trans-
sphenoidal approach for craniotomy for most of these
lesions (Fig. 1.3). In 1933, Hirsch relocated to Boston, con-
tinuing to use the transnasal transsphenoidal approach
long after much of the growing neurosurgical community
had followed Cushing’s lead.? Hirsch recognized the limita-
tions of both transsphenoidal and transcranial operations
in completely resecting pituitary tumors. With great pre-
science, in 1910 Hirsch used local irradiation with an en-
donasal radium bomb under roentgenographic guidance
as adjuvant therapy, thus beginning both image guidance
and radiosurgery for sellar lesions'® (Fig. 1.4).
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Fig. 1.2 Example of the sublabial transsphenoidal approach popu-
larized by Harvey Cushing. (lllustration by Max Brodel, 1912. From
the personal collection of Dr. Edward R. Laws Jr.)

Fig. 1.3 Example of the frontotemporal approach popularized by
Harvey Cushing. (lllustration by Max Brodel, 1915. From the person-
al collection of Dr. Edward R. Laws |r.)

Fig. 1.4 (A) Hirsch’s original schema for transnasal delivery of radium therapy to the sella. (B) Lateral skull X-ray as used by
Oskar Hirsch forimage-guided delivery of a radium bomb to the sella. (From Hirsch O. Symptoms and treatment of pituitary
tumors. AMA Arch Otolaryngol 1952;55(3):268-306. Roentgenogram from the personal collection of Dr. Edward R. Laws
Jr. Reprinted with permission.)
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¢ The Birth of Microneurosurgery

As surgeons across the globe struggled to visualize the
pituitary from both the transsphenoidal and transcranial
routes, a quiet revolution was beginning in Stockholm.
In 1921, Carl Nylén, an otolaryngologist at the University
Clinic in Stockholm, performed the first microsurgery with
a monocular dissecting microscope'' (Fig. 1.5). A year later,
Gunnar Holmgren, Nylén’s chief, attached a light source to
a binocular microscope. This allowed three-dimensional
depth perception, and the external light source made it
possible to work at even higher magnification than am-
bient light would."? In 1938, two otolaryngologists, Tullio
and Calicetti, working in Parma, Italy, overcame two more
limitations; they mounted the microscope on a counter-
weighted base to minimize vibrations and mounted a
prism beam splitter in the optical pathway, which allowed
two surgeons to work with the same field of view. These
and other refinements were ultimately incorporated in
the first generation of operative microscopes in the early
1950s, when commercial production for use in otolaryn-
gology and ophthalmology began.'?

Microneurosurgery as we know it was born on August
1, 1957, when Theodore Kurze at the University of South-
ern California, encouraged by William House’s feats of
microscopic middle ear surgery, brought a microscope

into the operating room to assist with resection of a fa-
cial nerve schwannoma.' One year later, the first interdis-
ciplinary microsurgical laboratory was established by R.
M. P. Donaghy in Burlington, VT."* Over the next decade,
collaboration between neurosurgeons and vascular sur-
geons, building on the early experience of ophthalmolo-
gists and otologists, resulted in new instrumentation and
techniques. These were taught to M. Gazi Yasargil, who re-
turned to Zurich in 1967 after a year in Donaghy’s labora-
tory to perform the first cerebrovascular bypass.'

With the newly found ability to illuminate and visualize
deep structures, neurosurgeons and otolaryngologists be-
gan to approach the sellar and parasellar region with bra-
vado. In the 1950s and 1960s, Smith and Ketcham’s reports
of combined transfacial and transcranial approaches to the
paranasal sinuses re-ignited interest in radical resection
of tumors in this region.'® Parkinson reported one of the
first successful microsurgical approaches to the cavern-
ous carotid.'” Over the next 20 years, the field of micro-
scopic neurosurgery of the skull base underwent a period
of exponential growth and popularity. Aided by the ante-
rior and middle fossa approaches described by innovators
such as Dolenc, Sekhar, and Al-Mefty, and the transfacial
approaches described by Smith, Ketcham, VanBuren, and
others, surgeons were no longer impotent in addressing
complex lesions of the sellar and parasellar regions via
transcranial and transfacial approaches.!81?

Fig. 1.5 (A) Carl Nylén and (B) his original operative monocular microscope. (From Kriss TC, Kriss VM. History
of the operating microscope: from magnifying glass to microneurosurgery. Neurosurgery 1998;42(4):899-907.

Reprinted with permission.)
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¢ The Resurgence of Transsphenoidal
Surgery

Norman Dott returned to Edinburgh after spending 1923-
1924 in Cushing’s clinic and surgical theater at the Brigham.
In contrast to most surgeons, who followed Cushing’s lead
in abandoning the transsphenoidal approach, Dott contin-
ued to practice and refine it over the next 30 years* and
demonstrated its virtues in the mid 1950s to his pupil, Ge-
rard Guiot of France. Guiot was an extraordinary innovator,
and he designed new instrumentation, including an endo-
scope, to facilitate the operation. However, he abandoned
the endoscope because of its poor illumination and visu-
alization compared with the operative microscope. Guiot
adapted intraoperative fluoroscopy, using air and contrast
to localize instruments in the sagittal plane and visualize
the extent of tumor resection?' (Fig. 1.6). This allowed him
and his brilliant pupil, Jules Hardy of Montreal, to safely and
accurately work above the sella under indirect visualiza-
tion. This marked the beginning of real-time image guid-
ance in pituitary surgery, which continues to evolve today.

While working with Guiot, Hardy began to use the oper-
ating microscope and microtechnique in pituitary surgery.
In another example of simultaneous advancement, Hardy
reported the use of the operating microscope for selective
hypophysectomy in 1965—the same year Leonard Malis,
at Mount Sinai Hospital in New York, used the operating
microscope to completely resect a craniopharyngioma in
a patient with a prefixed chiasm.??>?* The advancements in
microsurgery introduced by Yasargil and Malis—namely,
bipolar electrocautery for hemostasis and microsurgical
techniques—were adapted by Hardy for pituitary surgery.
Hardy’s demonstration in the late 1960s that one could do
selective operations to remove pituitary microadenomas,
while preserving the normal pituitary gland, was a revo-

lutionary concept and led to renewed interest in trans-
sphenoidal microsurgery for the treatment of pituitary
tumors.?

¢ Radiosurgery of the Pituitary and
Surrounding Areas

The development of roentgenography in 1896 and its abil-
ity to visualize the bony structures in the region of the
sella became not only a key factor in the anatomic diag-
nosis of pituitary disease but also the basis for the radio-
surgical treatment of many pituitary disorders. In 1901,
Oppenheim reported the first use of roentgenography to
diagnose a pituitary tumor. By 1907, the same year that
Schloeffer attempted the first transsphenoidal pituitary
operation, physicians were beginning to use X-ray therapy
to treat acromegaly. In 1909, Gramegna, in Venice, report-
ed his 2-year experience treating a patient with acromeg-
aly by directing X-rays transorally to the sella.?® That same
year, Béclere reported a case in which the enlarged sella of
a 16-year-old giant was irradiated with X-rays, and after
the patient’s vision improved and headaches abated with
irradiation alone, Béclére abandoned his plans for craniot-
omy.?” External beam radiation therapy was demonstrated
to be a viable alternative to surgery when he reported the
patient’s 5-year symptom-free follow-up in 1913.

With the Curies’ discovery of polonium and radium as
sources of ionizing radiation, surgeons began to experi-
ment with crude forms of brachytherapy. In 1912, Hirsch
reported his use as early as 1910 of a radium “bomb”
placed transnasally, with image guidance, to treat a pi-
tuitary tumor.5'® Cushing’s case logs for the decade from
1914 through 1923 reveal several cases in which he used
brachytherapy, although he was not enthusiastic about the
results.?

Fig. 1.6 Operative setup as originally re-
ported by Gerard Guiot and later refined by
Jules Hardy. (From Hardy J. Transsphenoidal
hypophysectomy. ] Neurosurg 1971;34:582-
594. Reprinted with permission.)
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The end of World War II also brought several scientif-
ic and technologic advances to medicine. The cyclotron,
developed by Ernest Lawrence at Berkley National Labo-
ratory, provided not only a sustainable source of fissile
material for military purposes but also a new source of
high-energy protons and helium ions for use in external
beam radiotherapy. Lawrence’s brother John began experi-
mental treatments with the synchrocyclotron in patients
in the early 1950s.%° These treatments of neurosurgical dis-
ease were expanded upon in the early 1960s by Kjellberg
at Massachusetts General in Boston, who treated patients
in the Harvard cyclotron.*® (Fig. 1.7).

The end of the war also brought a new exchange of ideas,
such as the fateful discussion in 1947 between Sir Hugh
Cairns and Lars Leksell at the first meeting of the Scandina-
vian Neurosurgical Society in Oslo. Encouraged by Cairns,
Leksell proceeded to develop a polar-coordinate stereotac-
tic frame for arc-based neurosurgery.’! After early experi-
ments, Leksell was dissatisfied with the collateral damage
and imprecise therapy delivered by coupling his frame
with existing X-ray and proton sources.

The delivery of the first production gamma knife in 1968
to the Karolinska Institute in Stockholm ushered in the era
of “radiosurgery,” a term coined by Leksell to suggest the
idea of an operation in which the surgeon used a single
dose of radiation as precisely as a knife to “excise” (or in this
case inactivate) a lesion.>' ®4 Qver the years, stereotactic
radiosurgery (gamma knife in the late 1960s, LINAC [linear
accelerator] in the early 1980s, CyberKnife in the 1990s) has
become an indispensable tool in both the primary and the
adjuvant therapy of sellar and parasellar lesions.

Fig. 1.7 Raymond Kjellberg fitting a patient with a stereotactic
frame for proton beam therapy at the Harvard Cyclotron ca. 1960.
(From Wilson R. A Brief History of the Harvard University Cyclotrons.
Harvard University Press; 2004:104-105. Reprinted with permission.)

¢ The Rise of Endoscopic Skull Base
Surgery

Although the endoscope was used with varying success
as early as 1910 for intraventricular surgery, its resolu-
tion (and therefore utility) was limited in both cranial
and endonasal surgery until the mid 20th century.>? Two
dramatic design advances in the 1950s—the Hopkins
rod-lens and Storz “cold” illumination—suddenly al-
lowed surgeons to see with the same clarity as did an op-
erative microscope.?® As the resolution and illumination
of endoscopes improved, they were rapidly adopted by
rhinologists for use in sinus surgery. A whole armamen-
tarium of instruments and techniques was developed
and refined by otorhinolaryngologists working in rela-
tive isolation from neurosurgeons until the mid 1990s,
when, as with microsurgery in the 1950s, collaboration
between the two disciplines launched a new era in surgi-
cal technique.

In the late 1970s, the first reports of endoscopically
assisted transsphenoidal surgery emerged.?43> Over the
ensuing years, improvements in lighting and digital
cameras allowed the development of endoscopes with
visualization besting that of a galilean instrument.
Angled lenses allowed surgeons to look off axis, and
combined with angled sinus instrumentation, they al-
lowed surgeons to work in areas previously unreach-
able from an endonasal approach. These technologic
advances made possible additional work on the supra-
sellar portion of tumors, as noted by Apuzzo et al in
the late 1970s and by Fries and Perneczky in the late
1980s.3>36 However, most neurosurgeons continued to
consider the endoscope a replacement for angled mir-
rors and relegated its use to augmenting the operating
microscope.

By the early 1990s, collaboration between neurosur-
geons and otorhinolaryngologists resulted in the first
reports of purely endoscopic approaches to the sella.
Jho and Carrau in Pittsburgh are credited with demon-
strating the safety and efficacy of a purely endoscopic
approach for pituitary adenoma?”3® (Fig. 1.8). In a re-
capitulation of the evolution of microsurgery, they de-
scribed initial attempts as single-nostril single-surgeon
approaches. Nearly simultaneously, Cappabianca, de Di-
vittis, and colleagues in Naples, Italy, reported their ini-
tial experiences with the Jho-Carrau technique, taking
a rigorously scientific approach to designing improved
instrumentation and addressing the limitations of the
techniques.?*4° Soon thereafter, reports from Kassam,
Snyderman, and Carrau also described a binasal three-
to four-hand technique that restored the neurosurgeon’s
ability to perform bimanual microneurosurgery.*' In
the early 2000s, the combined experience of many sur-
geons allowed exponential improvement in the purely
endoscopic technique over a relatively short time. Today,
surgeons are able to attack disease from the olfactory
bulb rostrally to the odontoid process caudally and as far
laterally as the foramen ovale from a purely endonasal
endoscopic approach.
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Fig. 1.8 (A-C) Schematic and example of operative
setup for a purely endoscopic single-nostril endonasal ap-
proach to the sella as originally reported by Jho and Carrau.
(From Jho H, Carrau RL. Endoscopic endonasal transsphe-
noidal surgery: experience with 50 patients. ] Neurosurg
1997;87(1):44-51.)

Suggested Readings

History of Transsphenoidal Surgery

Gandhi CD, Christiano LD, Eloy JA, Prestigiacomo C], Post KD. The his-
torical evolution of transsphenoidal surgery: facilitation by tech-
nological advances. Neurosurg Focus 2009;27(3):E8

Liu JK, Cohen-Gadol AA, Laws ER, et al. Harvey Cushing and Oskar
Hirsch: early forefathers of modern transsphenoidal surgery. ]
Neurosurg 2005;103(6):1096-1104

Liu JK, Das K, Weiss MH, Laws ER, Couldwell WT. The history and evolu-
tionoftranssphenoidal surgery.] Neurosurg2001;95(6):1083-1096

History of Microneurosurgery

Kriss TC, Kriss VM. History of the operating microscope: from magni-
fying glass to microneurosurgery. Neurosurgery 1998;42(4):899-
907, discussion 907-908

History of Radiosurgery
Laws ER, Vance ML. Radiosurgery for pituitary tumors and craniopha-
ryngiomas. Neurosurg Clin N Am 1999;10(2):327-336

4 Conclusion

The surgeon who treats these disorders now can choose an
optimal approach tailored to the patient and the disease.
It may be traditional transsphenoidal microsurgery, pre-
cise craniotomy based on skull base concepts, minimally
invasive eyebrow exposure, or any of the straightforward
or extended endoscopic anterior skull base techniques.

Although radiation therapy is much less often used as
adjunctive treatment for pituitary tumors, many tumors,
particularly those that are invasive of surrounding struc-
tures or recurrent, will eventually require this modality of
treatment. The major advance has been the development
of stereotactic radiosurgery and its application to suitable
pituitary and parasellar tumors as both primary and adju-
vant therapy.

Further advances in all these treatment modalities will
continue. Within our lifetime, the surgical treatment of pi-
tuitary lesions will become as foreign to us as our current
techniques would have been to the forefathers of pituitary
surgery. Versatility is one of the most important factors in
the successful surgical management of sellar and parasel-
lar pathology. A disease-oriented approach by a multispe-
cialty team is the key to optimal management for patients
with these difficult and challenging disorders.

Lederman M. The early history of radiotherapy: 1895-1939. Int ] Radiat
Oncol Biol Phys 1981;7(5):639-648

History of Endoscopic Pituitary Surgery

Pettorini BL, Tamburrini G. Two hundred years of endoscopic surgery:
from Philipp Bozzini's cystoscope to paediatric endoscopic neuro-
surgery. Childs Nerv Syst 2007;23(7):723-724

Prevedello DM, Doglietto F, Jane JA, et al. History of endoscopic skull
base surgery: its evolution and current reality. | Neurosurg
2007;107(1):206-213
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Anatomy of the Sellar and Parasellar
Region

Albert L. Rhoton Jr.

This chapter focuses on the anatomic basis of the micro-
surgical and endoscopic approaches to the sellar and para-
sellar regions.

Nasal Cavity

The sella can be reached by several routes through the
nasal cavity.'? The nasal cavity, wider below than above,
is bounded above by the anterior cranial fossa, laterally
by the ethmoid and maxillary sinuses and orbits, and be-
low by the hard palate (Figs. 2.2 and 2.3). This cavity is
divided sagittally by the nasal septum, which is formed

¢ Subcranial Relationships

The pituitary gland and sella are located in the cranial base

below the center of the brain (Fig. 2.1). Access to the sella is
limited from above by the optic nerves and chiasm and the
circle of Willis, from the sides by the cavernous sinuses and
internal carotid arteries, and from behind by the brainstem
and basilar artery. Because of the vital structures block-
ing superior, lateral, and posterior access to the sella, the
preferred surgical route to most sellar tumors is from be-
low, through the nasal cavity and sphenoid sinus. These
subcranial approaches are being expanded with the aid of
the endoscope to include other areas bordering the sella,
including the cavernous sinus, Meckel’s cave, and the ad-
jacent parts of the anterior, middle, and posterior cranial
fossae. This section focuses on the sella and sphenoid sinus

anteriorly and superiorly by the perpendicular plate of
the ethmoid and inferiorly and posteriorly by the vo-
mer; an anterior bony deficiency is occupied by septal
cartilage. The nasal cavity opens anteriorly onto the face
through the anterior nasal aperture and posteriorly into
the nasopharynx by way of the posterior nasal apertures.
Each posterior nasal aperture, measuring ~25 mm verti-
cally and 13 mm transversely, is bordered above by the
anterior aspect of the sphenoid body, below by the pos-
terior margin of the hard palate formed by the horizontal
plate of the palatine bones, medially by the part of the
nasal septum formed by the vomer, and laterally by the
medial pterygoid plate and perpendicular plate of the

and their subcranial relationships. palatine bone.

Fig. 2.1 The pituitary gland and its relationships. (A) Anterior view of pituitary gland. The gland is located below the optic nerves and chiasm
and between the cavernous segments of the internal carotid arteries. The right optic nerve has been elevated to expose the pituitary stalk. The
superior hypophyseal arteries arise from the medial side of the supraclinoid portion of the internal carotid arteries and pass medially to the
pituitary stalk and optic chiasm. (B) Superior view of pituitary gland. In this case, the diaphragm was largely absent, so that the subarachnoid
space extended across and was separated from the top of the anterior lobe only by arachnoid membrane. The right half of the dorsum sellae
has been removed to expose the posterior lobe, which was hidden under the dorsum. The inferior hypophyseal artery travels medially from
the intracavernous carotid to the posterior lobe. (C,D) Superior and inferior surfaces of a gland in which the anterior and posterior lobes form
a relatively ovoid structure. The pars tuberalis wraps partially around the stalk. (E) The anterior and posterior lobes have been separated. The
stalk joins the anterosuperior surface of the posterior lobe and is partially surrounded by the pars tuberalis. (F) Midsagittal section of the sella
extending through the anterior and posterior lobes and sphenoid sinus. The intracavernous carotid produces prominences in the lateral wall of
the sphenoid sinus below and anterior to the gland. The sella extends forward to the anterior edge of the intracavernous carotid only if greatly
expanded by tumor. The intercavernous sinuses course along the anterior and posterior margins of the diaphragm. The basilar sinus, located
on the back of the dorsum, is the largest connection across the midline between the posterior edge of the paired cavernous sinuses. The in-
ferior hypophyseal artery arises from the posterior bend of the intracavernous carotid and is directed medially toward the posterior lobe. (G)
Anterior view of another gland. The optic nerves and chiasm have been elevated to expose the pituitary stalk and the superior hypophyseal and
ophthalmic arteries. The superior hypophyseal arteries arise from the medial side of the supraclinoid carotid and pass to the chiasm and stalk.
(H) Another gland and sella viewed superiorly. The diaphragm partially covers the upper surface of the gland, but the opening in the diaphragm
is larger than the pituitary stalk. The posterior lobe (not shown) was entirely hidden below the dorsum sellae. An intercavernous sinus passes
across the upper anterior surface of the gland. (I) Superior view of another gland exposed below a large natural opening in the diaphragm.
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Fig.2.2 Stepwise dissection of the nasal pathway along which the transsphenoidal surgery is directed. (A) Sagittal section to the left of the midline and
nasal septum. The nasal septum is formed anteriorly by the septal cartilage, above by the perpendicular plate of the ethmoid, and below and posteriorly
by the vomer. The posterior inferior part of the septum is supplied by the branches of the sphenopalatine artery, a terminal branch of the maxillary artery.
The upper part of the septum, below the cribriform plate, is supplied by the branches of the ethmoidal arteries, which arise from the ophthalmic artery. A
septum divides the sphenoid sinus near the midline. The optic chiasm, optic and oculomotor nerves, third ventricle, and pituitary stalk are located above
the pituitary gland. The gyrus rectus of the frontal lobe is located above the cribriform plate and olfactory tract. (B) Midsagittal section of the sphenoid
sinus and pituitary gland. Prominences overlie the optic canal, internal carotid artery, superior orbital fissure, and maxillary nerve in the wall of the sphe-
noid sinus. The opticocarotid recess extends laterally between the optic nerve, internal carotid artery, and the prominence medial to the superior orbital
fissure, and it extends into the optic strut, which separates the optic canal from the superior orbital fissure. The serpiginous prominence overlying the in-
ternal carotid artery is located anterior to and below the pituitary gland. (C) The lateral wall of the nasal cavity is constituted below by the nasal surface of
the maxilla and above by the nasal surface of the ethmoid sinuses. The inferior concha (turbinate) is an independent bone that articulates with the nasal
surface of the maxilla and perpendicular plate of the palatine bone. The middle and superior conchae are appendages of the ethmoid bone. The lacrimal
duct opens below the anterior part of the inferior concha. The inferior, middle, and superior nasal meati are located below their respective conchae. The
superior meatus is located between the middle and superior conchae. The sphenoethmoidal recess, a narrow cleft located above the superior concha,
separates the superior concha from the anterior surface of the sphenoid sinus and is the site of the ostium communicating the sphenoid sinus and nasal
cavity. The eustachian tube opens into the nasopharynx behind the medial pterygoid plate and below the sphenoid sinus. (D) The concha has been re-
moved. The maxillary and frontal sinuses drain into the middle meatus. The lacrimal duct opens below the inferior turbinate into the inferior meatus. The
ethmoid bullae are rounded prominences overlying the ethmoidal air cells. The anterior ethmoidal air cells drain into the superior meatus. The posterior
ethmoidal air cells and the sphenoid sinus drain into the sphenoethmoidal recess. (E) The medial wall of the maxillary sinus has been removed to expose
the sinus roof, which forms the orbital floor. The infraorbital sulcus and canal, which transmit the infraorbital nerve, are situated in the floor of the orbit,
forming a prominence in the roof of the maxillary sinus. The anterior and posterior ethmoidal arteries arise from the ophthalmic artery and pass through
the anterior and posterior ethmoidal canals to reach the floor of the anterior fossa beside the cribriform plate, where they again penetrate the bone to
reach the walls of the nasal cavity. The vidian canal is the site of passage of the vidian nerve to the pterygopalatine ganglion. The vidian nerve is formed
by parasympathetic fibers from the greater petrosal nerve and sympathetic fibers from the deep petrosal branch of the carotid plexus. The frontal sinus
is situated at the upper anterior part of the medial wall. (F) Removing the lateral wall of the ethmoid air cells, which forms the medial wall of the orbit,
exposes the periorbita. The medial wall of the nasolacrimal duct has been removed to expose the interior of the duct.
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Fig. 2.3 (A-D) Comparison of osseous and mucosal structures in the nasal septum and conchae. (E-F) Osseous relationships along the trans-
sphenoidal and endonasal approaches to the sella. (A) The structures anterior to the left orbital apex and the portion of the maxilla above the
alveolar process have been removed to expose the nasal septum, which is formed posteriorly by the vomer, above by the perpendicular plate
of the ethmoid, and anteriorly by the septal cartilage. (B) The nasal septum and anterior wall of the sphenoid sinus have been removed. This
exposes the superior, middle, and inferior conchae and a midline septum within the sphenoid sinus. The ethmoid air cells are exposed in the
medial wall of the right orbit. The part of the sphenoid sinus medial to and below the orbital apex has been opened. (C) The left half of facial
skeleton, including the left half of the maxilla and orbit, has been removed to expose the left side of the nasal septum, which is formed above
by the perpendicular plate of the ethmoid bone and below by the vomer. The palate is formed anteriorly by the maxilla and posteriorly by the
horizontal plate of the palatine bone. (D) The nasal septum has been removed. The inferior concha is a separate bone, which protrudes into the
nasal cavity from the maxilla. The middle and superior conchae are appendages of the ethmoid bone. The maxillary ostium is located between
the perpendicular plate of the palatine bone behind, the ethmoid superiorly, and the medial maxillary wall below. The maxillary and frontal
sinuses and the anterior ethmoid air cells drain into the middle meatus and the posterior ethmoid air cells drain into the superior meatus. (E) The
anterior nasal aperture is formed above by the nasal bones, and laterally and below by the maxilla. The anterior part of the osseous nasal septum
is formed above by the perpendicular ethmoid plate and below by the vomer. The inferior concha, a separate bone, and the middle concha, an
appendage of the ethmoid bone, are visible through the aperture. (F) Posterior view of the posterior nasal aperture. The floor of the posterior
aperture is formed by the horizontal plate of the palatine bone. The lateral margin is formed by the medial plate of the pterygoid process and
is joined anteriorly by the perpendicular plate of the palatine bone, which forms the part of the lateral nasal wall between the maxilla and the
medial pterygoid plate. Posteriorly, the middle concha is much more prominent than the inferior concha and often must be displaced laterally
in the transsphenoidal approach to the sphenoid sinus and sella. The vomer extends from the upper surface of the hard palate to the body of
the sphenoid bone and separates the paired nasal cavities at the posterior aperture.
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The lateral nasal wall has three medially directed projec-
tions—the superior, middle, and inferior nasal conchae—
below which are the corresponding superior, middle, and
inferior nasal meati (Figs. 2.2 and 2.3). The paired sphe-
noethmoidal recesses, located above and behind the su-
perior nasal conchae, are the site of the paired sphenoid
ostia, which communicate between the nasal cavity and
the sphenoid sinus. The upper half of the lateral nasal wall,
composed anteriorly to posteriorly of the frontal process
of the maxilla, lacrimal bone, and ethmoid bone with its
air cells, separate the nasal cavity from the orbit. The naso-
lacrimal groove and canal, the site of the lacrimal sac and
nasolacrimal duct, respectively, pass downward in front of
the anterior end of the middle nasal concha and open into
the inferior nasal meatus. The frontoethmoidal suture, lo-
cated at the junction of the roof and medial orbital wall,
is situated at the level of the roof of the nasal cavity and
the cribriform plate. The anterior and posterior ethmoidal
foramina, through which the anterior and posterior eth-
moidal arteries and nerves enter the ethmoidal canals,
are located on the medial orbital wall at or just above the
frontoethmoidal suture. These arteries and nerves exit the
orbit by passing through the ethmoidal canals to enter the
anterior cranial fossa at the lateral edge of the cribriform
plate. The anterior ethmoidal artery, a terminal branch of
the ophthalmic artery, supplies the mucosa of the anterior
and middle ethmoid sinuses, the dura covering the crib-
riform plate and planum sphenoidale, and the upper part
of the nasal spectrum. It gives rise to the anterior falcine
artery intracranially. The posterior ethmoidal artery, usu-
ally smaller than the anterior ethmoidal artery and absent
in up to 30% of orbits, feeds the mucosa of the posterior
ethmoid sinus, adjacent part of the nasal spectrum, and
dura of the planum sphenoidale. The average distance
between the anterior lacrimal crest of the frontal process
of the maxilla and the anterior ethmoidal foramen is 22
to 24 mm; between the anterior and posterior ethmoidal
foramina, 12 to 15 mm; and between the posterior eth-
moidal foramen and the optic canal, 3 to 7 mm.? In trans-
facial procedures, these arteries may be divided between
the periorbita and the medial orbital wall. Care should be
taken to prevent damaging the optic nerve, which is some-
times located immediately behind the posterior ethmoidal
foramen.

The lower part of the lateral nasal wall is formed anteri-
orly to posteriorly by the maxilla, the perpendicular plate
of the palatine bone, and the medial pterygoid plate. The
eustachian tube opens into the nasopharynx along the
posterior edge of the medial pterygoid plate. The middle
nasal concha, an appendage of the ethmoid bone, attaches

to the lateral nasal wall at the level of the orbit floor and
roof of the maxillary sinus. Thus, the medial wall of the
maxillary sinus is bounded medially by the middle and in-
ferior nasal meati and the inferior nasal concha (Figs. 2.2
and 2.3). The maxillary sinus communicates with the mid-
dle nasal meatus through an opening located in the medial
sinus wall just below the sinus roof.

The pterygopalatine fossa, situated just outside the lat-
eral wall of the nasal cavity, is positioned between the
posterior wall of the maxillary sinus anteriorly, the ptery-
goid process posteriorly, and the perpendicular plate of the
palatine bone medially (Figs. 2.2, 2.3, and 2.4). The ptery-
gopalatine fossa contains the pterygopalatine ganglion,
which receives the vidian nerve (nerve of the pterygoid
canal), the segment of the maxillary nerve and its branch-
es located just anterior to the foramen rotundum, and the
internal maxillary artery and its terminal branches. This
fossa communicates laterally with the infratemporal fossa
through the pterygomaxillary fissure and medially with
the nasal cavity via the sphenopalatine foramen, through
which pass the corresponding nerve and vessels, which
provide the predominant supply to the turbinates and na-
sal septum. The maxillary artery exits the infratemporal
fossa to enter the pterygopalatine fossa by passing through
the pterygomaxillary fissure. The greater and lesser pala-
tine arteries and nerves arise from the maxillary artery
and nerve and descend in the greater and lesser palatine
canals, which are separated medially from the nasal cavity
by the perpendicular plate of the palatine bone.

Sphenoid Bone

The sphenoid bone is located in the center of the cranial
base3-* (Figs. 2.3 and 2.5). Because of the intimate contact
of the body of the sphenoid bone with the nasal cavity
below and the pituitary gland above, the transsphenoidal
route is the operative approach of choice for most pituitary
tumors. The neural relationships of the sphenoid bone are
among the most complex of any bone: the olfactory tracts,
gyrus rectus, and posterior part of the frontal lobe rest
against the smooth upper surface of the lesser wing; the
temporal lobe rests against the inner surface of the greater
wing; the pons and mesencephalon lie posterior to the
clival portion; and the optic chiasm lies posterior to the
chiasmatic sulcus. Additionally, the second through sixth
cranial nerves are intimately related to the sphenoid bone,
and all exit the skull through the optic canal, superior or-
bital fissure, or foramen rotundum or ovale, all of which
are located in the sphenoid bone (Fig. 2.6).

Fig. 2.4 Transnasal route to the sphenoid sinus and sella. (A) The cross-section extends across the nasal cavity, the superior and middle tur-
binates, the maxillary sinuses, the orbits near the apex, and the ethmoid sinuses in front of the sphenoid sinus. The zygomatic and infraorbital
nerves arise from the maxillary nerve in the pterygopalatine fossa, which is located behind the posterior maxillary wall. The nasal septum is
formed above by the perpendicular ethmoid plate, below by the vomer, and anteriorly by the cartilaginous septum. (B) The concha and posterior
ethmoid air cells have been removed to expose the vomer and the anterior wall of the sphenoid sinus and the sphenoid ostia. The nasolacrimal
duct descends along the lateral wall of the nasal cavity. (C) Enlarged view. The perpendicular ethmoid plate joins the anterior sphenoid face,
and the vomer extends upward to join the inferior sphenoid wall, both in the midline. The posterior ethmoid air cells are located anterior to the
lateral part of the sphenoid face and overlap the superolateral margins of the sphenoid ostia. (D) The anterior face of the sphenoid has been
removed to expose the multiseptate sphenoid sinus and the anterior wall of the sella. The bony prominences over the optic canals are situ-
ated in the superolateral margins of the sinus. (E) The anterior wall of the sella and the lateral wall of the sphenoid sinus have been removed
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Fig. 2.4 (Continued) to expose the petrous and cavernous segments of the carotid artery and the pituitary gland. The posterior wall of the
maxillary sinus has been removed to expose the maxillary nerve and artery and the pterygopalatine ganglion in the pterygopalatine fossa. The
branches of the maxillary artery penetrate the lateral wall of the nasal cavity to course along the sphenoid face. The maxillary nerve sends com-
municating rami to the sphenopalatine ganglion. The vidian nerve enters the posterior aspect of the sphenopalatine ganglion. The pituitary gland
is surrounded by the cavernous sinuses laterally and an anterior intercavernous sinus above. (F) The optic nerves have been elevated to show the
suprasellar area and the relationships between the orbital apex, optic canals, nasal cavity, pterygopalatine fossa, and the petrous and intracavern-
ous segments of the internal carotid artery. The superior hypophyseal arteries pass to the lower margin of the optic chiasm and the pituitary stalk.
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Fig. 2.5 Types of sphenoid bone. Anterior views. (A) Conchal type of sphenoid bone. (B) Bone with presellar type of sphenoid sinus. (C) Bone
with sellar type of sphenoid sinus and well-defined sphenoid ostia. (D) Bone with sellar type of sphenoid sinus with poorly defined sphenoid ostia

and obliquely oriented sphenoidal septa.

The sphenoid bone has many important arterial and
venous relationships: the carotid arteries form a groove
on each side of the sphenoid bone and often form a ser-
piginous prominence in the lateral wall of the sphenoid
sinus; the basilar artery rests against its posterior surface;
the circle of Willis is located above its central portion; and
the middle cerebral artery courses parallel to the sphenoid
ridge of the lesser wing. The cavernous sinuses rest against
the sphenoid bone, and intercavernous venous connec-
tions line the walls of the pituitary fossa and dorsum sellae.

In the anterior view, the sphenoid bone resembles a bat
with wings outstretched (Fig. 2.5). It has a central portion
called the body; two lesser wings, which spread outward
from the superolateral part of the body; two greater wings,
which spread upward from the lower part of the body;
and two pterygoid processes, whose medial and lateral
pterygoid plates are directed downward from the body.
The body of the sphenoid bone is more or less cubical and
contains the sphenoid sinus. The superior orbital fissure,
through which the oculomotor, trochlear, abducens, and
ophthalmic nerves pass, is formed on its inferior and lat-
eral margins by the greater wing and on its superior mar-
gin by the lesser wing. The lesser wing forms the posterior

part of the roof of each orbit, and the greater wing forms
a large part of the lateral wall of the orbit, the floor of the
middle fossa, and the roof of the infratemporal fossa. The
optic canals are situated above and are separated from the
superomedial margin of the superior orbital fissure by the
optic strut, a bridge of bone that extends from the lower
margin of the base of the anterior clinoid process to the
body of the sphenoid. The narrowest part of the optic canal
is closer to the orbital than to the intracranial end. The op-
tic canals average 5 mm in length and are of a conical con-
figuration, tapering to a narrow waist near the orbit end.
The sphenoid ostia communicate the nasal cavity with the
sinus. The infratemporal crest on the inferior surface of
the greater wing is positioned above the junction of the
temporal and infratemporal fossae. The lateral pterygoid
muscles arise from the lower surface of the greater wing
between the infratemporal crest and the lateral pterygoid
plate. The area lateral to the infratemporal crest gives ori-
gin to the temporalis muscle. The pterygoid (vidian) canal
courses posteriorly to anteriorly through the junction of
the pterygoid process and the sphenoid body and may be
exposed under the mucosa lining the sinus floor by a bony
dehiscence.
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Fig. 2.6 Superior view of sellar region. (A) The sella is located between the cavernous sinuses. The diaphragm, which usually separates the sella
from the suprasellar cisterns, is absent in this case. The oculomotor nerves enter the roof of the cavernous sinus, where there is a narrow cistern
around the nerve. The oculomotor triangle, the triangular patch of dura through which the oculomotor nerve enters the dura in the cavernous sinus
roof, is positioned between the anterior and posterior clinoid processes and the petrous apex. The roof of the cavernous sinus extends forward un-
der the anterior clinoid process. (B) The dura covering the anterior clinoid process and optic canal has been removed. The outer layer of dura in the
lateral wall of the cavernous sinus has been removed to expose the thin inner layer of the lateral sinus wall and the lateral surface of Meckel’s cave.
The falciform ligament, the dural fold extending above the optic nerve proximal to the entrance of the nerve into the optic canal, extends from the
anterior clinoid to the tuberculum. (C) The inner layer of the lateral wall of the cavernous sinus has been removed to expose the nerves coursing in
the wall of the cavernous sinus and middle fossa. The dura covering the dorsum sellae, basilar sinus, and posterior clinoid process has been removed.
The oculomotor nerve passes forward lateral to the posterior clinoid and below the anterior clinoid. An abnormal bony projection extends laterally
from the right posterior clinoid below the oculomotor nerve toward the petrous apex. The basilar sinus crosses the back of the dorsum and upper
clivus and communicates widely with the posterior edge of the paired cavernous sinuses. The abducens nerve passes through the lower margin of
the basilar sinus. An anterior intercavernous sinus passes along the anterior margin of the sella. (D) The anterior clinoid process has been removed to
expose the clinoid segment of the internal carotid artery, defined by the upper and lower dural rings. The upper ring is formed by the dura extending
medially from the upper surface of the anterior clinoid. The lower dural ring is formed by the dura, which extends medially from the lower margin
of the anterior clinoid and separates the lower clinoid margin from the oculomotor nerve. (E) Posterosuperior view of the sella. The dorsum and
posterior clinoid have been removed to expose the posterior lobe of the pituitary, which was hidden below the dorsum. The abducens nerve passes
through Dorello’s canal, which is roofed by the petrosphenoid ligament. The trigeminal nerve has been reflected forward to expose the petrolingual
ligament, which extends above the internal carotid artery just proximal to the entry of the artery into the cavernous sinus. (F) Enlarged view. The
carotid artery protrudes medially to deform the lateral surface of the anterior lobe of the pituitary gland. A tongue of anterior lobe extends laterally
above the intercavernous carotid. The inferior hypophyseal branch of the meningohypophyseal artery passes medially to reach the posterior lobe.
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In the superior view, the pituitary fossa occupies the cen-
tral part of the body and is bounded anteriorly by the tu-
berculum sellae and posteriorly by the dorsum sellae (Figs.
2.1 and 2.6). The chiasmatic groove (sulcus), a shallow de-
pression between the paired optic foramina, is bounded
posteriorly by the tuberculum sellae and anteriorly by the
planum sphenoidale. The frontal lobes and the olfactory
tracts rest against the smooth upper surface of the lesser
wings and the planum sphenoidale. The posterior margin
of the lesser wing forms a free edge, the sphenoid ridge,
which projects into the sylvian fissure to separate the fron-
tal and temporal lobes. The anterior clinoid processes are
located at the medial end of the lesser wings, the middle
clinoid processes are lateral to the tuberculum sellae, and
the posterior clinoid processes are situated at the supero-
lateral margin of the dorsum sellae. The dorsum sellae is
continuous below with the clivus. The upper part of the
clivus is formed by the sphenoid bone and the lower part
by the occipital bone.

The depth of the sella turcica is the greatest distance be-
tween the floor and a perpendicular line connecting the
tuberculum and dorsum. Sellar length is defined as the
greatest anteroposterior diameter of the pituitary fossa,
which may occur at the level of the tuberculum sellae or
below. Sellar width is defined as the width of the horizon-
tal plateau of the sellar floor between the carotid sulci. The
volume is calculated by applying the simplified mathemat-
ical formula for the volume of an ellipsoid: volume (mm?)
= 0.5 (length x width x depth [mm])/1000. The upper limit
of normal depth is 13 mm; length, 17 mm; width, 15 mm,;
and volume, 1100 mm?3.5

The superior surface of each greater wing is concave up-
ward and filled by the pole of each temporal lobe. The fo-
ramen rotundum, foramen ovale, and foramen spinosum,
anteriorly to posteriorly, are located near the junction of
the body and greater wing. When viewed from the inferior
aspect, the vomer, a separate bone forming the lower part
of the osseous nasal septum, frequently remains attached
to the lower surface of the anterior half of the body of the
sphenoid.

The pterion and the “keyhole” are two important ana-
tomic landmarks in the region of the greater wing in the
lateral view. The pterion is located over the upper part of
the greater wing and approximates the site of the lateral
end of the sphenoid ridge. The “keyhole” is located behind
the junction of the temporal line and the zygomatic pro-
cess of the frontal bone several centimeters anterior to
the pterion. A burr hole placed over the pterion will be
located near the lateral end of the sphenoid ridge. A burr
hole placed at the keyhole will expose the periorbita in its
lower part, the frontal dura in its upper part, and the or-
bital roof in its midportion. The placement of the keyhole
burr hole is reviewed elsewhere.’

Sphenoid Sinus

The sphenoid sinus is positioned in the sphenoid body
between the paired cavernous sinuses, internal carotid ar-
teries, and optic, extraocular, and trigeminal nerves. In ad-
dition, the sinus sits between the pituitary gland and the

nasal cavity. The sphenoid sinus varies considerably in size
and shape and in the degree of pneumatization®® (Figs. 2.5,
2.7,and 2.8). It is present as minute cavities at birth, but its
main development takes place after puberty. In early life, it
extends backward into the presellar area and subsequently
expands into the area below and behind the sella turcica,
reaching full size during adolescence. As the sinus enlarg-
es, it may partially encircle the optic and vidian canals and
extend into the roots of the pterygoid processes, greater
wings of the sphenoid bone, anterior clinoid processes, and
clival part of the occipital bone. With advancing age, the si-
nus frequently undergoes further enlargement associated
with absorption of its bony walls. Occasionally, there are
gaps in its bone, with the mucous membrane lying directly
against the dura mater.

There are three types of sphenoid sinus in adults: con-
chal, presellar, and sellar, based on the extent of sinus
pneumatized (Fig. 2.5). In the conchal type, the sphenoid
body below the sella is a solid block of bone without an air
cavity. In the presellar type of sinus, the air cavity does not
penetrate beyond a vertical plane parallel to the anterior
sellar wall. In the sellar type of sphenoid sinus, the most
common type, the air cavity extends into the sphenoid
body below the sella and as far posteriorly as the clivus.
In our previous study in adult cadavers, this sinus was of
the presellar type in 24% and of the sellar type in 76%.° The
conchal type is most common in children before the age of
12 years, at which time pneumatization begins within the
sphenoid sinus. In the conchal type, which is infrequent in
adults, the thickness of bone separating the sella from the
sphenoid sinus is at least 10 mm.

The depth of the sphenoid sinus is defined as the dis-
tance from the ostium of the sphenoid sinus to the closest
part of the sella (Fig. 2.8). In the adult, the average depth
is 17 mm (range, 12-23 mm).® This measurement defines
the length of the path within the sinus through which
instruments must be passed to reach the sellar wall and
is important when instruments are selected for trans-
sphenoidal surgery. The speculum most commonly used
for transsphenoidal surgery is 9 cm in length, and its tip
should be placed anterior to the sphenoid sinus. In reach-
ing the floor of the sella turcica, the depth of the sphenoid
sinus (= 2 cm) is added to the 9-cm length of the specu-
lum. Thus, after traversing a distance of 11 to 12 cm, the
dissecting instruments must enter the sella turcica and
be able to reach above the sella if a suprasellar tumor is
present. The distance may be greater in the presence of ac-
romegaly; therefore, it is important that transsphenoidal
instruments have shafts at least 12 cm in length. The fact
that important neural and vascular structures are exposed
either in the lateral sinus wall, directly lateral to the sella,
or above the diaphragma sellae, especially if the latter is
defective, has led this writer to prefer blunt rather than
sharp ring curettes for dissection and tumor removal. An-
other measurement important in transsphenoidal surgery
is the thickness of the anterior sellar wall and sellar floor.
In the sellar type of sinus, the thickness of the anterior sel-
lar wall ranged from 0.1 to 0.7 mm (mean, 0.4 mm), com-
pared with 0.3 to 1.5 mm (mean, 0.7 mm) for the presellar
type. The thickness of bone covering the sinus was defined
at the planum sphenoidale, tuberculum sellae, anterior
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Fig.2.7 (A-D) Inferior view of the sellar region and surrounding skull base. (A) The right half of the floor of the sphenoid sinus has been removed
to expose the sellar floor and the part of the sphenoid sinus below the planum and tuberculum. On the left side of the specimen, the eustachian
tube, pterygoid process, and posterior part of the maxillary sinus have been preserved. On the right side, the medial portion of the eustachian
tube and the pterygoid process have been removed. This exposes the right mandibular nerve exiting the foramen ovale and the maxillary nerve
exiting the foramen rotundum and passing forward as the infraorbital nerve. The pterygopalatine ganglion is located in the pterygopalatine fossa
behind the maxillary sinus in the lateral wall of the nasal cavity. The right pterygoid process has been removed to expose the vidian canal, in which
the vidian nerve travels to reach the pterygopalatine ganglion. The bone below the petrous carotid has been removed up to the point where
the artery turns upward to enter the posterior part of the cavernous sinus. (B) Part of the vomer, perpendicular ethmoid plate, and floor of the
sphenoid sinus have been removed to expose the cavernous sinus, intracavernous carotid, and pituitary gland. The floors of the optic canals have
been removed to expose the ophthalmic arteries coursing below the optic nerves. The cavernous sinus surrounds the intracavernous carotid. An
anterior intercavernous sinus crosses the anterior margin of the gland. Some of the upper clivus has been removed to expose the basilar sinus,
which sits on the back of the dorsum and is the largest connection between the cavernous sinuses. (C) The venous spaces around the pituitary
gland have been cleared to expose the petrous and intracavernous carotid segments. (D) Enlarged view of the pituitary gland, intracavernous
carotid, and optic nerves and ophthalmic arteries. The inferior hypophyseal arteries pass to the posterior lobe. The superior hypophyseal arteries
arise in the chiasmatic cistern and pass medially to reach the stalk and chiasm.

sellar wall, sellar floor, and clivus. The thickest bone was
found at the clivus and tuberculum sellae and the thinnest
along the anterior sellar wall.*¢

The septa within the sphenoid sinus vary greatly in size,
shape, thickness, location, completeness, and relation to
the sellar floor (Fig. 2.9). The cavities within the sinus are
seldom symmetric from side to side and are often subdi-
vided by irregular minor septa. The septa are often located
off the midline as they cross the floor of the sella. In our
previous study, a single major septum separated the sinus
into two large cavities in only 68% of specimens, and even
in these cases the septa were often located off the midline
or deflected to one side.® The most common type of sphe-
noid sinus has multiple small cavities in the large paired
sinuses. The smaller cavities may be separated by septa

oriented in all directions. Computed tomography (CT) or
magnetic resonance imaging (MRI) of the sella provides
the definition of the relationship of the septa to the floor of
the sella needed for transsphenoidal surgery. Major septa
may be found as far as 8 mm off the midline.® The septa are
not to be used as a guide to the midline but may be used as
landmarks based on where preoperative CT and MRI show
them to be located in relation to the sella and the tumor.
The internal carotid artery rests directly against the
lateral surface of the body of the sphenoid bone, and its
course is marked by a groove in the bone, the carotid sul-
cus, which defines the course of the intracavernous por-
tion of the carotid artery. As the sinus expands and its
walls are resorbed, the carotid sulcus produces a promi-
nence within the sinus wall below the floor and along the
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Fig. 2.8 Nasal pathway to the sphenoid sinus. Stepwise dissections showing the structures that form the lateral limit of the transnasal route to
the sphenoid sinus and sella. (A) Sagittal section to the right of midline. The nasal septum, along which the transsphenoidal approach is directed, is
formed above by the perpendicular plate of the ethmoid, anteriorly by the nasal septal cartilage, and below by the vomer. The vomer articulates with
the anterior-inferior part of the sphenoid body, and the perpendicular plate articulates with the anterior face. The sphenoid sinus is located in the
body of the sphenoid bone. (B) The sagittal section has been extended to the right of midline. The nasal conchae and meati and the eustachian tubes
are in the lateral margin of the exposure. (C) A portion of the middle and inferior turbinates has been removed. The ostia of the maxillary and frontal
sinuses open into the middle meatus, located below the middle turbinate. The nasolacrimal duct opens below the lower turbinate into the inferior
meatus. Rosenmuller’s fossa is located behind the eustachian tube. (D) The mucosa in the lateral margin of the nasal cavity and the posterior part
of the inferior and middle turbinates have been removed to expose the pterygoid process and posterior maxillary wall, which form the posterior and
anterior boundaries of the pterygopalatine fossa, respectively. The eustachian tube opens into the nasopharynx at the posterior edge of the ptery-
goid process. The terminal branches of the maxillary artery pass through the pterygopalatine fossa, located between the posterior maxillary wall and
the pterygoid process, and give rise to the sphenopalatine artery, which enters the posterior superior part of the nasal cavity by passing through the
sphenopalatine foramen. The medial wall of the pterygopalatine fossa is formed by the perpendicular plate of the palatine bone. (E) The medial wall
of the maxillary sinus has been opened to expose the infraorbital nerve, which arises in the pterygopalatine fossa and passes forward in the sinus roof.
The maxillary nerve passes through the foramen rotundum to enter the pterygopalatine fossa, where it gives rise to the infraorbital, zygomatic, and
greater palatine nerves, plus communicating rami to the pterygopalatine ganglion. (F) Enlarged view. The bone and dura covering the optic canal in
the superolateral part of the sphenoid sinus have been opened to expose the optic nerve and ophthalmic artery in the optic canal. The junction of the
petrous and cavernous carotid limits the exposure below the level of the sella. Terminal branches of the maxillary artery intermingle with the neural
structures in the pterygopalatine fossa and exit the fossa to supply structures within and bordering the nasal cavity.
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Fig. 2.9 Septa in the sphenoid sinus. The heavy broken line on the central diagram shows the plane of the section of each specimen from which
the drawings were taken, and the large arrow shows the direction of view. The planum is above, the dorsum and clivus are below, and the sella is
in an intermediate position on each diagram. The heavy dark lines on the drawings show the location of the septa in the sphenoid sinus. A wide
variety of septa separate the sinus into cavities that vary in size and shape and are seldom symmetric from side to side.

anterior margin of the sella®® (Figs. 2.6, 2.8, and 2.10). This
prominence is most pronounced with maximal pneumati-
zation of the sphenoid and varies from a small focal bulge
to a serpiginous elevation marking the full course of the
carotid artery along the lateral sinus wall. The intrasinus
carotid prominence can be divided into three parts: the
retrosellar, infrasellar, and presellar segments. The first
part, the retrosellar segment, is located in the posterolat-
eral part of the sinus. This segment of the prominence is
present only in well-pneumatized sellar-type sinuses in
which the air cavity extends laterally in the area below
the dorsum. The second part, the infrasellar segment, is
located below the sellar floor. The third part, the presel-
lar segment, is located anterolateral to the anterior sellar
wall. Of the 50 specimens we examined, 98% had presellar,
80% had infrasellar, and 78% had retrosellar prominences.!6
Any part of the prominence may be present and the others
absent. If all three parts are present and connected, they

form a serpiginous bulge marking the full course of the ca-
rotid artery along the lateral wall of the sinus. In the nor-
mal sinus, the presellar part courses anterolateral to the
anterior sellar wall. The anterior sellar wall bulges forward
of the carotid prominence only when the sella is greatly
expanded by tumor.

Only the presellar part of the carotid prominence is
present in a presellar type of sphenoid sinus, and it is this
part that is also most frequently present in the sellar type
of sinus. The corresponding arterial segments are slightly
longer than the segments of the prominence because of
tortuosity of the artery. This tortuosity, although present,
is limited by the dural walls of the cavernous sinus, par-
ticularly if the artery is encircled by a ring of bone formed
by the union of the anterior and middle clinoid processes.
Serial coronal scans through the cavernous sinus show
that the artery does not always nestle into the bony ca-
rotid sulcus on the intracranial surface of the sphenoid
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Fig. 2.10 Anterior view of a coronal section in front of the sphenoid sinus, through the nasal cavity, orbits, and ethmoid and maxillary sinuses.
(A) The upper part of the nasal cavity is separated from the orbits by the ethmoid sinuses. The lower part of the nasal cavity is bounded laterally
by the maxillary sinuses. The middle concha projects medially from the lateral nasal wall at the junction of the maxillary and ethmoid sinuses.
The posterior ethmoid air cells are located in front of the lateral part of the face of the sphenoid sinus. (B) The middle and inferior nasal conchae
on the left side and the nasal septum and the posterior ethmoid sinuses on both sides have been removed to exposed the posterior nasopha-
ryngeal wall, the anterior aspect of the sphenoid body, and the sphenoid ostia. The posterior ethmoid air cells overlap the lateral margin of
the sphenoid ostia. (C) The anterior wall of the sphenoid sinus has been opened, and the sphenoid septum has been removed to expose the
anterior sellar wall in the midline and the prominences over the optic canals and carotid arteries in the lateral walls of this well-pneumatized
sphenoid sinus. The medial part of the posterior wall of the left maxillary sinus has been removed to expose branches of the maxillary artery in
the pterygopalatine fossa. The opticocarotid recesses extend laterally between the prominences over the carotid arteries and optic nerves. (D)
The pituitary gland, intracavernous carotids, optic nerves, ophthalmic arteries, and cavernous sinuses have been exposed by removing the bone
of the sinus wall. The inferolateral trunk passes above and lateral to the abducens nerve. The shortest distance between the paired carotid arter-
ies is usually located just below the tuberculum sellae. A capsular artery arises from the intracavernous carotid and passes upward and medially.
(E) Oblique view. The bony prominences overlying the optic canal, superior orbital fissure, intracavernous carotid artery, and maxillary nerve are
exposed in the lateral wall of the sphenoid sinus. The bony depression between the carotid prominence and the optic canal, the opticocarotid re-
cess, extends into the medial end of the optic strut. The broad, round prominence below the opticocarotid recess is produced by the structures
passing through the superior orbital fissure. (F) Oblique view. The pituitary gland, intracavernous carotid artery, ophthalmic artery, and optic,
ophthalmic, maxillary, oculomotor, and abducens nerves have been exposed. The abducens nerve courses medial to the ophthalmic nerve.
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bone, but is separated from it by an extension of the cav-
ernous sinus.

The bone separating the artery and the sphenoid sinus
is thinner over the anterior than over the posterior parts
of the carotid prominence and is thinnest over the part
of the artery just below the tuberculum sellae. A layer of
bone less than 0.5 mm thick separates the artery and sinus
in nearly 90% of sinuses, and areas of absence of bone be-
tween the artery and the sinus are present in nearly 10%.%
Only the dura covering the intracranial surface of the sphe-
noid bone and the sinus mucosa separate the air cavity and
carotid arteries if there is a dehiscence of bone along the
carotid prominences.

The proximity of the carotid prominences to the midline
is important in pituitary surgery. The transverse separa-
tion between the carotid prominences of each side was
measured at the level of the tuberculum sellae, anterior
sellar wall, sellar floor, dorsum sellae, and clivus. The short-
est distance between the prominences was located just be-
low the tuberculum in 72%, at the level of the sellar floor in
20%, and adjacent the clivus in 8% of our specimens? (Figs.
2.4,2.7,and 2.10).

The optic canals protrude into the superolateral portion
of the sinus, and there are areas where no bone separates
the optic sheath and sinus mucosa (Figs. 2.2, 2.4, 2.8, 2.10,
and 2.11). The superior orbital fissure produces a smooth,
wide prominence in the midlateral sinus wall below the
optic canal, and the maxillary nerve underlies a promi-
nence in the inferolateral part. A bone thickness of 0.5 mm
or less separates 80% of optic nerves from the sinus. Care
must be taken to avoid damage to the nerves in the trans-
sphenoidal approach if a dehiscence of the bone covering
exposes them in the sinus.!®!!

A pneumatized diverticulum of the sinus, the opticoca-
rotid recess, often extends laterally into the optic strut
between the prominences along the optic canal, carotid ar-
tery, and superior orbital fissure (Figs. 2.2, 2.10, and 2.11).
This pneumatization may extend through the optic strut
into the anterior clinoid process, thus creating a channel
through which cerebrospinal fluid (CSF) can leak into the
sinus after an anterior clinoidectomy, with resulting CSF
rhinorrhea.

There is frequently a prominence in the lateral sinus wall
overlying the maxillary branch of the trigeminal nerve just
proximal to the extracranial end of the foramen rotundum,
especially if the sinus is well pneumatized. There also may
be areas where no bone separates the nerve from the sinus
mucosa, and the presence of a bone thickness of less than
0.5 mm separating the nerve from the sinus is common.
The length of maxillary division bulging into the sinus
ranges from 7.0 to 15.0 mm (mean, 10.9 mm).® The sphe-
noid sinus may also extend laterally below the maxillary
nerve into the medial part of the greater sphenoid wing
and partially surround the foramen ovale. The prominenc-
es overlying the optic canal, superior orbital fissure, and
maxillary nerve located in the lateral part of the presellar
portion of the sphenoid sinus are not normally visible with
the operating microscope; however, they are easily identi-
fied with the use of straight and angled endoscopes.

Removing the mucosa and bone from the lateral wall
of the sinus exposes the dura mater covering the medial
surface of the cavernous sinus and optic canals (Figs. 2.10

and 2.11). Opening this dura may expose the carotid artery
and the nerves passing through the optic canal, superior
orbital fissure, cavernous sinus, and foramen rotundum.
The abducens nerve is located between the lateral side of
the carotid artery and the medial side of the first trigemi-
nal division. The second and third trigeminal divisions are
seen in the lower margin of the opening through the lat-
eral wall of sphenoid sinus. In half of the cases, the optic
and trigeminal nerves and the carotid arteries have areas
where bone 0.5 mm or less in thickness separates them
from the mucosa of the sphenoid sinus, and in a few cases
the bone separating these structures from the sinus is ab-
sent5'? (Figs. 2.2, 2.8, and 2.10). The absence of such bony
protection within the walls of the sinus may explain some
of the cases of cranial nerve deficits and carotid artery in-
jury after transsphenoidal operations.'® Placing the specu-
lum in the sinus, as has been advocated, also increases the
risk for damaging other structures in the wall of the sinus,
including the maxillary nerves and the nerves passing
through the superior orbital fissure.'® Vigorous curettage
of the walls of the sphenoid sinus can also cause damage to
the nerves passing through the optic canal, superior orbital
fissure, and foramen rotundum and to the carotid arteries.

The carotid arteries always project anterior to the plane
of the anterior sellar wall unless the sella has been greatly
expanded anteriorly by tumor. The bone overlying the ca-
rotid arteries at the lateral edges of the anterior sellar wall
is often thinner than the bone anterior to the pituitary
gland. The bulge of the sellar floor is usually identifiable,
unless the sinus is of a presellar or conchal type, in which
case the sellar bulge may not be apparent. However, the
floor of the sella turcica should be directly ahead of the
long axis of the transsphenoidal exposure if the blades of
the speculum have been positioned correctly, with the ver-
tical crest on the face of the sphenoid positioned between
the tips of the speculum blades (Fig. 2.12). The prominenc-
es overlying the carotid arteries are frequently exposed at
the lateral edge of the anterior sellar wall and are not to
be confused with the prominence overlying a tumor (Figs.
2.2,2.8,and 2.10).

Excessive spreading of the bivalve speculum has been re-
ported to cause a fracture of the medial orbital wall with
visual loss.' The distance between the optic nerves at the
coronal plane through the anterior wall of the sphenoid si-
nus averages 2.93 cm (range, 2.71-3.09 cm)." This distance,
measured 5 and 10 mm behind the anterior sinus wall and
inside the sinus, decreases to an average of 2.62 cm (range,
2.47-2.71 cm) and 1.58 cm (range, 1.39-1.74 cm), respec-
tively. Care should be taken in opening the speculum at the
anterior wall of the sphenoid sinus beyond 2.5 cm. This
distance between the optic nerves may narrow to less than
1.5 cm if the speculum is advanced 10 mm into the sinus. It
is important to remember that the blades of the speculum
are pushing several millimeters of soft and osseous tissue
from the turbinates and nasal wall laterally ahead of the
tips of the blades. The transsphenoidal speculum usually
encounters the firm resistance of the middle turbinates
and the lateral nasal wall as it is opened, so that the ex-
tent of opening the blades is limited. Displacement of the
speculum contralaterally by the middle turbinate places
the tip of the blades near the contralateral optic nerve and
may be associated with optic nerve injury with lesser de-
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Fig. 2.11 Stepwise dissection examining the relationship of the sphenoid sinus to the pituitary fossa, cavernous sinus, and sellar region. (A)
Anterior view into a sphenoid sinus with the mucosa removed to show the relationships of the structures that can be exposed by the transsphe-
noidal approach. The structures in the exposure include the major sphenoidal septum, anterior sellar wall, and prominences over the carotid
arteries and optic canals. The tuberculum sellae and planum sphenoidale are located above the anterior sellar wall. The opticocarotid recess
extends laterally between the carotid artery and optic canal. (B) The bone in the walls of the sphenoid sinus has been removed while the dura
is preserved. The optic nerves, intracavernous carotids, and pituitary gland are seen through the dura. The anterior bend of the intracavernous
carotid bulges forward inside the dura immediately below the optic canals. The basilar sinus, which forms the largest connection between the
paired cavernous sinuses, is situated behind the clivus and dorsum sellae. The inferior hypophyseal artery passes to the capsule of the posterior
lobe. The optic nerve and ophthalmic artery can be seen through the optic sheath. (C) The dura forming the medial and lower walls of the
cavernous sinuses has been removed. Intercavernous sinuses connect the paired cavernous sinuses across the midline. The dura in the floor of
the optic canals has been opened to expose the ophthalmic arteries and optic nerves. The basilar sinus sits on the dorsum sellae and clivus and
interconnects the posterior end of the paired cavernous sinuses. (D) The venous space has been cleared to expose the intracavernous carotid
and the anterior and posterior pituitary lobes. The inferior hypophyseal arteries arise from the meningohypophyseal branch of the intracavern-
ous carotid and pass to the capsule of the posterior lobe. Sympathetic nerves ascend on the carotid arteries. The abducens nerve passes through
the cavernous sinus on the lateral side of the internal carotid artery and medial to the ophthalmic nerve. (E) Oblique view of the intracavernous
carotid showing the inferior hypophyseal artery passing to the capsule of the posterior lobe. (F) The dura has been removed to expose the intra-
dural structures. The anterior cerebral arteries are situated above and the pituitary gland is situated below the optic chiasm. The basilar apex is
located behind the gland. The oculomotor nerve passes forward between the posterior cerebral and superior cerebellar arteries.
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Fig. 2.12 Endonasal approaches to the sphenoid sinus. (A) The Rhoton endonasal transsphenoidal speculum has been inserted along the route of
the endonasal transsphenoidal approach directed through one nostril, between the conchae laterally and the nasal septum medially. (B) The broken
line shows the area where the posterior septum is separated from the face of the sphenoid sinus. (C) Superior view of the nasal cavity (left side). The
speculum is advanced in one nostril between the septum and turbinates to the sphenoid face. The mucosa is opened on the sphenoid face to the
left of the septum (arrow), and the mucosa is elevated and the posterior septum separated from the face of the sphenoid (red arrow, right side). The
speculum blades have been advanced submucosally along the face of the sphenoid sinus. The speculum is positioned so that the crest on the face of
the sphenoid is in the midline between the tips of the blades of the speculum. (D) Upper left, lateral view of the endonasal exposure of the sphenoid
sinus. Lower right, a small osteotome is used to open the face of the sphenoid. No bone is removed from the septum, and the bone taken from the face
of the sphenoid is preserved to serve as a stent for closing the anterior sellar wall. (E) Variations of transsphenoidal specula. The speculum on the left
has blades that are tapered so that the opening at the nostril is greater than the exposure obtained at the sphenoid face. The Rhoton speculum on the
right was designed for endonasal transsphenoidal surgery. It has parallel blades that open so that the exposure at the sphenoid face is slightly greater
than the opening of the speculum at the anterior nasal aperture. (F) The upper right shows the thicker, wider blades on the traditional transsphenoidal
speculum. The lower left shows the Rhoton modified endonasal speculum with smaller, thinner blades that open like the parallel blades shown in (E).
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grees of speculum opening. This natural resistance, which
tends to limit speculum opening, may be absent in some
cases of reduced bone strength due to extensive erosion of
bone by tumor, reoperation after extensive bone removal,
and softening of osteoporotic bone associated with Cush-
ing disease and long-standing steroid use. In these cases,
the speculum should be opened gently.

Several routes through the nasal cavity have been used
to reach the sphenoid sinus (Fig. 2.12). The sublabial ap-
proach is directed under the lip and submucosally along
the nasal septum to the sphenoid sinus. The transsep-
tal approach avoids the oral cavity because it is directed
through a small incision along one side of the columella
and submucosally along the septum. The direct endonasal
approach, used in recent years by the author, is directed
through one nostril, between the conchae laterally and
the nasal septum medially, and does not require an inci-
sion in the nose before the anterior face of the sphenoid is
reached and opened'® (Fig. 2.12). No incision is needed in
the anterior part of the nasal cavity, and nasal packing is
uncommonly needed at the end of the procedure. In the
direct endonasal approach, a handheld nasal speculum
inserted into one nostril between the conchae and nasal
septum is opened to compress the conchae and septum
sufficiently that the endonasal transsphenoidal speculum
can be advanced through one nostril to the sphenoid face.
Removal of the conchae is not required. The junction of
the crest in the sphenoid face at the attachment of the
septum is the most reliable anatomic landmark for main-
taining the exposure in the midline. The sphenoid ostia
are situated on each side of the perpendicular ethmoid
plate, which forms the upper part of the nasal septum and
marks the upper limit of the sinus opening for most pitu-
itary tumors.

The sinus mucosa should be preserved if possible be-
cause the ciliary action of the normal mucosa aids in clear-
ing secretions from the sinus. A sinus devoid of mucosa
lacks normal drainage, becomes easily infected, and may
be the source of a patient experiencing a foul odor follow-
ing surgery.

Diaphragma Sellae

The diaphragma sellae forms the roof of the sella turcica
(Fig. 2.1). It covers the pituitary gland, except for a small
central opening in its center, which transmits the pituitary
stalk. The diaphragma is more rectangular than circular,
tends to be convex or concave rather than flat, and is thin-
ner around the infundibulum and somewhat thicker at the
periphery. It frequently is a thin, tenuous structure that
would not be an adequate barrier for protecting the su-
prasellar structures during a transsphenoidal operation. In
a prior anatomic study, Renn and Rhoton'” found that the
diaphragma was at least as thick as one layer of dura in 38%
of cases, and in these cases it furnishes an adequate barrier
during transsphenoidal hypophysectomy. In the remaining
62%, the diaphragma was extremely thin over some por-
tion of the pituitary gland. It was concave when viewed
from above in 54% of the specimens, convex in 4%, and flat
in 42%. Even when flat, it lies below the plane of the upper

surface of the anterior clinoid process, so that a medially
projecting supradiaphragmatic lesion, such as an aneu-
rysm, may appear on neuroradiologic studies to be located
below the anterior clinoid and within the cavernous sinus
when it is above the diaphragm in the subarachnoid space.

The opening in the center of the diaphragm is large com-
pared with the size of the pituitary stalk. The diaphrag-
matic opening was 5 mm or greater in 56% of our cases,
and in these, it would not have formed a barrier during
transsphenoidal pituitary surgery. The opening was round
in 54% of the cases and elliptic, with the short diameter
of the ellipse oriented in an anteroposterior direction, in
46%. A deficiency of the diaphragma sellae is assumed to
be a precondition to the formation of an empty sella. An
outpouching of the arachnoid protruded through the cen-
tral opening in the diaphragma in about half of the sellae.
This outpouching, if opened, represents a potential source
of postoperative CSF leakage.°

Pituitary Gland

When exposed from above by opening the diaphragma, the
superior surface of the posterior lobe of the pituitary gland
is lighter in color than the anterior lobe (Figs. 2.1 and 2.6).
The anterior lobe wraps around the lower part of the pitu-
itary stalk to form the pars tuberalis.*'” The posterior lobe
is softer, almost gelatinous, and more densely adherent to
the posterior sellar wall. The anterior lobe is firmer and
more easily separated from the sellar walls. The width of
the gland is equal to or greater than its depth or length in
most patients. Its inferior surface usually conforms to the
shape of the sellar floor, but its lateral and superior mar-
gins vary in shape because these walls are composed of
soft tissue rather than bone. If there is a large opening in
the diaphragma, the gland tends to be concave superiorly
in the area around the stalk. The superior surface may be-
come triangular as a result of being compressed laterally
and posteriorly by the carotid arteries. As the anterior lobe
is separated from the posterior lobe, there is a tendency for
the pars tuberalis to be retained with the posterior lobe.
Small intermediate lobe cysts may be encountered during
separation of the anterior and posterior lobes.

Pituitary Gland and Carotid Artery

The distance separating the medial margin of the carotid
artery and the lateral surface of the pituitary gland is an
important consideration in transsphenoidal surgery (Figs.
2.6, 2.7, and 2.10). There is often a separation between the
lateral surface of the gland and the carotid artery. In the
cases in which the artery did not indent the gland, the dis-
tance between the gland and artery varied from 1 to 7 mm
(average, 2.3 mm); however, in about one in four cases, the
artery will indent the medial wall of the cavernous sinus
and the gland®'® (Fig. 2.6F). In these cases, the gland loses
its spherical shape and conforms to the wall of the artery,
often developing protrusions above or below the artery
that may be confused with extensions of tumor. Intrasel-
lar tumors are subjected to the same forces, which prevent
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them from being spherical, and the increased pressure
within a tumor increases the degree to which the tumor
insinuates into surrounding crevices and tissue planes.
Separation of these extensions from the main mass of a tu-
mor during surgery may explain cases in which the tumor
and elevated pituitary hormone levels persist or recur after
adenoma removal.

The proximity of the carotid arteries to the midline is ex-
tremely important in pituitary surgery. In a previous study,
the shortest distance between the two carotid arteries was
found in the supraclinoid area in 82% of the cases, in the
cavernous sinus along the lateral sellar margin in 14%,
and in the sphenoid sinus in 4%.° Arterial bleeding during
transsphenoidal surgery has been reported as due to ca-
rotid artery injury, but it may also have arisen from a tear
in an arterial branch of the carotid, such as the inferior hy-
pophyseal artery, or by avulsion of a small capsular artery
from the carotid artery.'® It is best to avoid using a pointed
knife blade to open the dura in the corners of the sellar
opening because of the proximity of the carotid arteries
to these corners. It is best to begin the dural opening with
a short vertical midline incision in the dura, after which a
small, blunt, right-angled ring curette is inserted through

the small vertical dural opening and the dura is separated
from the anterior surface of the gland or tumor. After the
dura has been freed, a 45-degree-angle alligator scissor,
rather than a knife, is selected to open the dura in an x-
shaped cut from corner to corner because a pointed knife
may damage the carotid arteries in the far lateral corners
of the exposure.

Intercavernous Venous Connections

Venous sinuses that interconnect the paired cavernous
sinuses may be found in the margins of the diaphragma
and around the gland® (Figs. 2.1, 2.6, 2.11, and 2.13). The
intercavernous connections within the sella are named on
the basis of their relationship to the pituitary gland; the
anterior intercavernous sinuses pass anterior to the hy-
pophysis, and the posterior intercavernous sinuses pass
behind the gland. Actually, these intercavernous connec-
tions can occur at any site along the anterior, inferior, or
posterior surface of the gland, or all connections between
the two sides may be absent. The anterior intercavernous
sinus may cover the whole anterior wall of the sella. The
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Fig. 2.13 Six sagittal sections of the
sellar region showing variations in the
intercavernous venous connections
within the dura. The variations shown
include combinations of anterior,
posterior, and inferior intercavernous
connections and the frequent pres-
ence of a basilar sinus posterior to
the dorsum. Either the anterior (low-
er center) or posterior (lower left)
intercavernous connections or both
(top center) may be absent. The ante-
rior intercavernous sinus may extend
along the whole anterior margin of
the gland (lower left). The basilar si-
nus may be absent (lower right).
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anterior sinus is usually larger than the posterior sinus, but
either or both may be absent. If the anterior and posterior
connections coexist, the whole structure constitutes the
“circular sinus.” Entering an anterior intercavernous con-
nection that extends downward in front of the gland dur-
ing transsphenoidal operation may produce brisk bleeding.
However, this usually stops with temporary compression
of the channel with hemostatic foam or with light bipolar
coagulation, which serves to glue the walls of the channel
together.

A large intercavernous venous connection called the
basilar sinus passes posterior to the dorsum sellae and up-
per clivus, connecting the posterior aspect of both cavern-
ous sinuses (Figs. 2.6, 2.7, and 2.11). The basilar sinus is
the largest and most constant intercavernous connection
across the midline. The superior and inferior petrosal si-
nuses join the basilar sinus. The abducens nerve often en-
ters the posterior part of the cavernous sinus by passing
through the basilar sinus or the junction of the inferior pe-
trosal and basilar sinus.

Extensions of the Sellar Type of Sphenoid Sinus

There are several variations in the extensions of pneuma-
tization of the sellar type of sphenoid sinus that may fa-
cilitate entry into areas bordering the sphenoid sinus'**
(Figs. 2.14 and 2.15). These extensions or recesses act as
“windows” opening from the sinus in different areas of
the skull base that may facilitate minimally invasive access
to lesions involving the cavernous sinus, Meckel’s cave,
middle cranial fossa, planum sphenoidale, suprasellar re-
gion, and clivus. These variations in the sellar type of sinus
have been classified into six basic types. (1) Sphenoid body
type: the pneumatization does not progress beyond the
body of sphenoid bone. (2) Lateral type: the sinus extends
lateral to a line connecting the medial edge of the anterior
opening of vidian canal and the extracranial end of the fo-
ramen rotundum (VR line). (3) Clival type: the posterior
wall of the sphenoid sinus extends beyond the vertical
coronal plane of the posterior wall of pituitary fossa. (4)
Lesser wing type: the pneumatization extends into the
lesser sphenoid wing and possibly into the anterior clinoid
process. (5) Anterior type: the anterior wall of the sinus
extends anterolaterally beyond the vertical coronal plane
of the sinus side of the sphenoid crest. (6) Combined type:
more than one type of extension appears in the same si-
nus. Among the sellar type of sinuses, the combined type
was the most common (59.2%), and the lesser wing type
was the least common.

The lateral type, present in 46% of lateral sinus walls, ex-
tends into either the greater wing or pterygoid process, or
both. It is referred to as a greater wing type if it extends
only into the greater wing, as a pterygoid type if it extends
into only the pterygoid process, and a full lateral type if it
extends into both the greater wing and pterygoid process.
In the endoscopic view from inside the sphenoid sinus,
the lateral recess is a quadrangular area bordered by four
prominences in the sinus wall: the maxillary nerve supe-
riorly, the vidian nerve inferiorly, the petrous segment of
the carotid artery posteriorly, and the part of the sinus wall
between the foramen rotundum and vidian canal anterior-
ly. A prominence in the lateral sinus wall overlying cranial
nerve V, can be seen when the lateral recess extends to the
foramen ovale.

A clival type of sinus was identified when it had a clival
recess in which the posterior wall of the sphenoid sinus ex-
tended posteriorly beyond the vertical coronal plane of the
posterior wall of the pituitary fossa. A clival recess, pres-
ent in 68% of the sinuses, may extend superiorly into the
dorsum sellae and/or inferiorly to the basilar part of the
occipital bone. Three types of clival recesses were found:
dorsum type, which extends above the horizontal plane of
the floor of the pituitary and into the dorsum sellae; sub-
dorsum type, which lies between the horizontal plane of
the floor of pituitary fossa and the horizontal plane pass-
ing through the anterior opening of vidian canals; and oc-
cipital type, which extends inferiorly below the horizontal
plane crossing the anterior opening of the paired vidian
canals. Of the clival-type sinuses, 24% were of the dorsum
type, 63% subdorsum type, 2% occipital type, and 9% com-
bined dorsum-occipital type. The subdorsum type is seen
directly ahead as the sinus is entered, whereas the dorsum
type may be partially hidden behind the pituitary fossa
and the clival type may be partially hidden below the floor
of the sphenoid sinus. Approximately, 10% of the sellar-
type sinuses had pneumatization of the anterior clinoid
process, referred to as lesser wing type. Every specimen
with pneumatization of the anterior clinoid process also
had optic strut aeration, but optic strut aeration did not
always extend into the anterior clinoid process.

An anterior recess originating from the lateral por-
tion of anterior wall of the sphenoid sinus was identi-
fied when the recess extended anteriorly beyond a line
directed from side to side along the sinus side of the
sphenoid crest on the axial CT. An anterior recess, found
in anterior-type sinuses, present either unilaterally or
bilaterally in 25% of sinuses, extends in an inferolateral
direction and is separated from the maxillary sinus by a
thin bony plate.

Fig. 2.14 Lateral extensions of the sphenoid sinuses. Anterior view of the sphenoid sinus illustrating the pneumatized extensions of the sphe-
noid sinus. Structures surrounding the sinus, such as the sella, carotid artery, and the optic, vidian, and the trigeminal divisions, may underlie
prominences and recesses inside the sinus. The lateral extensions of the sinus extend beyond the VR line directed along the medial edge of the
anterior end of the vidian canal and the extracranial end of the foramen rotundum. (A) Body type of sphenoid sinus. The pneumatization is con-
fined to the body of the sphenoid bone and does not extend beyond the VR line. (B) Lesser wing type. The sinus pneumatizes through the optic
strut (arrow) and into the anterior clinoid process. (C-E) Lateral type. The lateral wall of the sinus extends laterally beyond the VR line, which
crosses the medial edge of the foramen rotundum and vidian canal. Three lateral subtypes were found: greater wing, pterygoid, and full lateral
types. (C) Greater wing type. The pneumatization extends laterally between the foramen rotundum and vidian canal into the greater wing. (D)
Pterygoid type. The pneumatization extends laterally between the foramen rotundum and vidian canal and inferiorly into the pterygoid process.
(E) Full lateral type. The sinus extends laterally into both the greater wing and the pterygoid process.
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Fig. 2.14
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The lateral type of sphenoid sinus, divided into greater
wing, pterygoid process, and full lateral types, facilitates
approaches to the cavernous sinus, middle cranial fossa,
and petrous apex. The clival type of sinus, divided into
dorsum, subdorsum, occipital, and dorsum-occipital types,
depending on the direction of pneumatization, may facili-
tate access to the dorsum, posterior clinoids, petrous apex,
the entire clivus down to the anterior lip of the foramen
magnum and odontoid process, and the anterior brainstem
and adjacent cisterns. The lesser wing type provides an
easier surgical corridor to the lateral suprasellar area than
do the other types. The recesses that guide the approach
to the various surrounding areas are not as distinct if the
sphenoid sinus is not well pneumatized, and removing the
bone in poorly pneumatized areas carries an elevated risk
for injury to the adjacent neurovascular structures even
though intraoperative navigation may be used to confirm
the surgical targets.

¢ The Parasellar Region

The parasellar region includes the cavernous sinuses and
adjacent part of the middle cranial fossae.?'?? The paired
cavernous sinuses have dural walls that surround a venous
space through which a segment of the internal carotid
artery courses. Each sinus extends from the superior or-
bital fissure in front to the area lateral to the dorsum sellae
behind (Figs. 2.16 and 2.17). Its anterior edge is attached
to the margins of the superior orbital fissure, and its pos-
terior wall is located between the dorsum sellae medially
and the ostium of Meckel’s cave laterally. The oculomotor,
trochlear, and ophthalmic nerves course in the lateral wall.
The abducens nerve courses on the medial side of the oph-
thalmic nerve between it and the internal carotid artery.
The lateral wall faces the temporal lobe, the roof faces the
basal cisterns, the medial wall faces the sella, pituitary
gland, and body of the sphenoid bone, and the lower edge
is located below the horizontal portion of the intracavern-
ous segment of the internal carotid artery.

The sinus is the site of a venous confluence that receives
the terminal end of multiple veins draining the orbit, syl-
vian fissure, and middle and anterior fossae, and it has
free communication with the basilar, superior and inferior
petrosal, and intercavernous sinuses. Over all, it is shaped

like a boat, with its narrow keel located at the superior
orbital fissure and its broader bow (posterior wall) lo-
cated lateral to the dorsum sellae above the petrous apex.
It has four walls: a roof and lateral, medial, and posterior
walls. The deck or roof of the sinus, which is narrow ante-
riorly and wide posteriorly, faces upward. The lower edge,
formed at the junction of the medial and lateral walls be-
low the intracavernous segment of the internal carotid
artery, gives the sinus a triangular shape in cross-section
(Fig. 2.17). The roof is formed by the dura lining the lower
margin of the anterior clinoid process anteriorly and the
patch of dura, called the oculomotor triangle, between the
anterior and posterior clinoid processes and the petrous
apex through which the oculomotor nerve penetrates the
sinus roof. The medial edge of the oculomotor triangle is
formed by the interclinoid dural fold, which extends from
the anterior to the posterior clinoid process; the lateral
margin by the anterior petroclinoid fold, which extends
from the anterior clinoid process to the petrous apex; and
the posterior margin by the posterior petroclinoid fold,
which extends from the posterior clinoid process to the
petrous apex.

The lateral wall extends from the medial edge of Meck-
el’s cave posteriorly to the lateral margin of the nerves
passing through the superior orbital fissure anteriorly,
and from the anterior petroclinoid dural fold above to the
lower margin of the carotid sulcus below. The carotid sul-
cus is the groove on the lateral aspect of the body of the
sphenoid along which the internal carotid artery courses
(Fig. 2.18). The sheet of dura forming the posterior part
of the lateral wall of the sinus also forms the upper third
of the medial wall of Meckel’s cave, which is located lat-
eral to and is separated from the posterior part of the cav-
ernous sinus by their shared dural wall. The medial wall
is formed by the dura that constitutes the lateral wall of
the sella turcica and covers the lateral surface of the body
of the sphenoid bone. The medial wall extends from the
lateral edge of the dorsum sellae posteriorly to the medial
edge of the superior orbital fissure anteriorly, and from the
interclinoid dural fold above to the lower margin of the ca-
rotid sulcus below. Anteriorly, the lower edge of the sinus,
where the medial and lateral walls meet, is located just
below where the ophthalmic nerve courses in the lateral
sinus wall, and proceeding posteriorly it is located medial
to the junction of the upper and middle thirds of the gas-

Fig. 2.15 Clival extensions of the sphenoid sinus. Sagittal section. (A) Body type of sinus without a clival extension. In the body type of sinus,
the posterior wall of the sphenoid sinus does not extend beyond a vertical line directed along the posterior wall of the pituitary fossa (line 1).
(B-E) Clival type of sinuses. The posterior wall of the sphenoid sinus extends beyond the vertical coronal plane of the posterior wall of the
pituitary fossa (line 1). There are four types of clival extensions: subdorsum, dorsum, occipital, and combined dorsum-occipital types. (B)
Subdorsum type. The sinus extends posterior to a line directed along the posterior wall of the sella but not into the dorsum sellae or into the
clivus below the level of the vidian canal. (C) Occipital type. The expansion of the sinus behind the posterior wall of the sella (line 1) extends
inferiorly below the level of the horizontal plane directed along the upper edge of the paired vidian canals (line 3). (D) Dorsum type. The sinus
extends above the line directed along the floor of the sella (line 2) and into the dorsum sellae. (E) Combined dorsum-occipital type. The sinus
extends superiorly into the dorsum and downward below the horizontal plane directed along the upper edge of the vidian canals. (F) Superior
view of a cross-section extending through an anterior type of sphenoid sinus. The sinus has an anterolateral protrusion that extends anterior to a
transverse line crossing the sphenoid sinus side of the sphenoid crest to form an anterior recess facing the maxillary sinus. The sphenomaxillary
plate separates the sphenoid and maxillary sinuses in this anterior type of recess. This type of sinus extends anteriorly above the sphenopalatine
artery and foramen. (G) Superior view of an oblique axial section showing the angle between the midline plane at the anterior nasal spine and
the most lateral point of the sphenoid sinus, which averaged 16.7 degrees (range, 10.1-32.1 degrees). The angle from the midline plane to
the sphenopalatine foramen averaged 12.2 degrees (range, 7.0-18.6 degrees). The sphenopalatine artery passes through the sphenopalatine
foramen to enter the lateral wall of the nasal cavity.
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Fig. 2.15



MidRRD5ER

Ant. Clin:

[
- 2O
f . .
"~ Pericav. Ven,-'flax-;

—=Sup. OphthAVzs

. 8

V.

Fig. 2.16 Stepwise dissection of the right cavernous sinus. (A) The lateral wall of the cavernous sinus extends downward from the tentorial
edge and blends into the dura covering Meckel’s cave and the middle fossa. The oculomotor and trochlear nerves enter the roof of the cavern-
ous sinus. The carotid artery exits the cavernous sinus on the medial side of the anterior clinoid process. (B) The outer layer of dura has been
peeled away from the lateral wall of the cavernous sinus and Meckel’s cave. This exposes the oculomotor and trochlear nerves entering the roof
of the cavernous sinus and passing forward through the superior orbital fissure. The thin layer covering Meckel’s cave consists in part of the
arachnoid membrane extending forward from the posterior fossa and surrounding trigeminal nerve to the level of the trigeminal ganglion. The
superior petrosal sinus passes above the ostium of Meckel’s cave and joins the posterior part of the cavernous sinus. (C) The oculomotor nerve
enters a short cistern in the sinus roof (red arrow) and does not become incorporated into the lateral wall until it reaches the lower margin of
the anterior clinoid process (yellow arrow). The arachnoid covering of Meckel’s cave, which extends forward around the posterior trigeminal root
to the level of the midportion of the ganglion, has been removed. The cavernous sinus extends from the superior orbital fissure to the petrous
apex. It is located medial to the upper third of the gasserian ganglion. The pericavernous venous plexus surrounds the maxillary and mandibular
nerves in the region of the foramen rotundum and foramen ovale. (D) The remaining dura covering the lateral wall has been removed. The ocu-
lomotor, trochlear, and ophthalmic nerves pass forward to converge on the superior orbital fissure. The segment of the superior petrosal sinus
above the posterior trigeminal root has been removed. (E) The posterior trigeminal root has been reflected forward to expose the posterior part
of the lower margin of the cavernous sinus (yellow arrow) in the area medial to the trigeminal impression on the petrous apex, in which Meckel’s
cave sits. The superior ophthalmic vein exits the orbit through the superior orbital fissure and passes posteriorly below the ophthalmic nerve to
enter the cavernous sinus. (F) The trigeminal nerve and its three divisions have been reflected forward to expose the venous spaces of the cav-
ernous sinus. The lower margin of the cavernous sinus (broken line) is located at the site where the internal carotid artery exits the carotid canal
by passing below the petrolingual ligament. The venous spaces in the cavernous sinus communicate posteriorly with the inferior and superior
petrosal and basilar sinuses. In addition, the cavernous sinus communicates with the superior ophthalmic veins and the venous plexus around
the maxillary and mandibular nerves and the pituitary gland.
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Fig. 2.16 (Continued) Stepwise dissection of the right cavernous sinus. (G) The venous plexus surrounding the nerves has been removed to
expose the trigeminal divisions and the nerves coursing in the wall of the cavernous sinus. (H) The ophthalmic nerve has been depressed to ex-
pose the abducens nerve, which passes under the petrosphenoid ligament roofing Dorello’s canal and courses medial to the ophthalmic nerve.
The abducens nerve crosses laterally below the ophthalmic nerve as it passes through the superior orbital fissure. (I) The anterior clinoid process
has been removed. The optic strut separates the optic canal and superior orbital fissure. The dura extending medially off the upper surface of
the anterior clinoid forms the upper dural ring around the internal carotid artery, and the dura lining the lower margin of the clinoid extends
medially to form the lower dural ring. The clinoid segment of the carotid artery, located between the upper and lower rings, is enclosed in the
dura sheath, referred to as the carotid collar. (J) The trigeminal nerve has been folded downward to expose the petrolingual ligament, which
extends above the internal carotid artery, just proximal to where the artery enters the cavernous sinus. The abducens nerve passes around the
internal carotid artery and courses medial to the ophthalmic nerve in the lower part of the cavernous sinus. The margins of the cavernous sinus
are shown with a broken line. The cavernous sinus does not extend laterally into the area of the trigeminal impression where Meckel’s cave sits.
(K) Enlarged view. The optic nerve has been elevated to expose the ophthalmic artery coursing within the optic sheath. At the orbital apex, the
artery penetrates the optic sheath and enters the orbital apex on the lateral side of the optic nerve. Removal of additional optic strut exposes
the mucosa lining the sphenoid sinus on the medial side of the optic strut. (L) The bone between the first and second and the second and third
trigeminal divisions has been drilled to expose the lateral wing of the sphenoid sinus. The vidian nerve, which passes forward to enter the sphe-
nopalatine ganglion in the pterygopalatine fossa, is exposed between the second and third trigeminal divisions. (Continued on page 32)
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Fig. 2.16 (Continued) Stepwise dissection of the right cavernous sinus. (M) The trigeminal nerve has been reflected forward to expose the
opening into the lateral wing of the sphenoid sinus. The vidian nerve, formed by the union of the greater and deep petrosal nerves, courses for-
ward in the vidian canal to reach the pterygopalatine fossa. (N) Enlarged view of the petrolingual and petrosphenoid ligaments. The petrosphe-
noid ligament extends from the lower part of the lateral margin of the dorsum sellae above the abducens nerve to the petrous apex. The lower
margin of the posterior wall of the cavernous sinus is located at the lower margin of Dorello’s canal. Anteriorly, the lower margin of the cavern-
ous sinus is located at the level at which the internal carotid artery exits the area below the petrolingual ligament and enters the posterior part
of the cavernous sinus. (O) The exposure has been extended down to the infratemporal and pterygopalatine fossae. The infratemporal fossa
contains branches of the mandibular nerve and maxillary artery, the pterygoid muscles, and the pterygoid venous plexus. The maxillary nerve
passes through the foramen rotundum to enter the pterygopalatine fossa. (P) Enlarged view. The pterygopalatine fossa is located between the
posterior maxillary wall and the pterygoid process. The vidian nerve penetrates the upper part of the pterygoid process and the area below the
foramen rotundum to enter pterygopalatine fossa. The maxillary nerve gives rise to the zygomatic, infraorbital, and posterosuperior alveolar
nerves, and branches and rami to the pterygopalatine ganglion.
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Fig. 2.17 Stepwise dissection of the roof of the cavernous sinus. (A) Superior view. The dura covering the upper surface of the right anterior
clinoid process, optic canal, and adjacent part of the planum has been removed. The roof of the cavernous sinus is formed anteriorly by the
dura lining the lower margin of the anterior clinoid and posteriorly by the dura covering the oculomotor triangle, located between the anterior
and posterior petroclinoidal and intraclinoidal dural folds. The oculomotor nerve enters the roof of the cavernous sinus through the oculomotor
triangle. (B) The anterior clinoid and roof of the optic canal have been removed. The optic nerve has been elevated to expose the ophthalmic
artery entering the optic foramen. Removing the anterior clinoid exposes the floor of the clinoidal triangle located between the optic and oculo-
motor nerves. The dura separating the lower surface of the clinoid from the oculomotor nerve and extending medially around the carotid artery,
referred to as the carotid-oculomotor membrane, forms the floor of the clinoidal triangle and the anterior part of the roof of the cavernous sinus.
The dura extending medially off the upper surface of the clinoid forms the upper dural ring, and the carotid-oculomotor membrane extending
medially from the lower surface of the clinoid forms the lower dural ring. (C) The dura in the floor of the clinoidal triangle and roof of the oculo-
motor triangle, which together form the roof of the cavernous sinus, have been removed to expose the upper part of the cavernous sinus. The
dura has been elevated from the lateral wall of the cavernous sinus and middle fossa floor to expose the nerves coursing in the lateral wall of
the cavernous sinus. (D) The sinus has been cleared to expose the clinoid segment of the internal carotid artery in the clinoidal triangle and the
posterior bend of the intercavernous carotid below the oculomotor triangle. The anterior part of the roof is formed by the dura that separates
the anterior clinoid and oculomotor nerve and that extends medially to form the lower dural ring. The posterior part of the roof consists of the
dura forming the oculomotor triangle.
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Fig. 2.18 Osseous relationships of the cavernous sinus and carotid collar. (A) Superior view. The osseous structures, which nearly encircle the
clinoid segment of the internal carotid artery, include the anterior clinoid laterally, the optic strut anteriorly, and the carotid sulcus medially.
The carotid sulcus begins lateral to the dorsum sellae at the intracranial end of the carotid canal, extends forward just below the sellar floor, and
turns upward along the posterior surface of the optic strut. The anterior clinoid process projects backward from the lesser wing of the sphenoid
bone, often overlapping the lateral edge of the carotid sulcus. The anterior root of the lesser sphenoid wing extends medially to form the roof of
the optic canal. The posterior root of the lesser wing, referred to as the optic strut, extends from the inferomedial aspect of the anterior clinoid
to the sphenoid body. The bony collar around the carotid artery, formed by the anterior clinoid, optic strut, and carotid sulcus, is inclined down-
ward as it slopes medially from the upper surface of the anterior clinoid to the carotid sulcus. Another small prominence, the middle clinoid
process, situated on the medial side of the carotid sulcus at the level of the tip of the anterior clinoid process, projects upward and laterally.
In some cases, there is an osseous bridge extending from the tip of the middle clinoid to the tip of the anterior clinoid. In well-pneumatized
sphenoid bones, the carotid sulcus is seen as a prominence in the lateral wall of the sphenoid sinus just below the floor of the sella. (B) Posterior
view of the optic strut, optic canal, and superior orbital fissure. The optic strut separates the optic canal and superior orbital fissure and forms
the floor of the optic canal and the superomedial part of the roof of the superior orbital fissure. The posterior surface of the strut is shaped to
accommodate the anterior wall of the clinoid segment. The artery courses along and may form a groove in the medial half of the lower aspect
of the anterior clinoid before turning upward along the medial edge of the clinoid. The air cells in the sphenoid sinus may extend into the optic
strut and anterior clinoid. In this case, the sphenoid sinus has pneumatized to a degree that bone is absent over the anterior part of the carotid
sulcus, just medial to where the optic strut attaches to the body of the sphenoid bone. The maxillary strut is the bridge of bone separating the
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serian ganglion; finally, at the posterior part it slopes up-
ward medial to the upper part of Meckel’s cave (Fig. 2.16).
Behind the site where the ophthalmic nerve arises from
the trigeminal ganglion, the lower edge of the medial and
lateral walls of the sinus come together at the lateral edge
of the carotid sulcus on the medial side of the upper part
of Meckel’s cave. Only the upper part of the medial wall of
Meckel’s cave and the upper part of the gasserian ganglion
are located directly lateral to the cavernous sinus; thus,
the lower two-thirds of Meckel’s cave is located below and
lateral to the posterior part of the cavernous sinus in the
medial part of the middle fossa (Fig. 2.16). Meckel’s cave
extends forward from the posterior fossa, where its ostium
is located between the medial part of the petrous ridge be-
low, the superior petrosal sinus above, and the lateral edge
of the cavernous sinus medially. The subarachnoid space
extends forward within Meckel’s cave to approximately
the level of the midportion of the gasserian ganglion. The
terminal part of the petrous carotid exits the carotid canal
and passes below the trigeminal nerve and the petrolin-
gual ligament, where it turns upward to enter the poste-
rior part of the cavernous sinus. It is only after the artery
exits the region of the foramen lacerum and turns upward
after traveling below the petrolingual ligament to reach the
carotid sulcus on the lateral surface of the sphenoid body
that it becomes enclosed in the dural envelope of the cav-
ernous sinus (Fig. 2.16).

The maxillary nerve does not course in the lateral wall
of the dural envelope of the sinuses, as does the ophthal-
mic nerve. It courses beneath the dura of the middle fossa
below the level where the medial and lateral walls of the
cavernous sinus join at the lower edge of the ophthalmic
nerve. As the dura is elevated from the floor of the middle
fossa, it can be stripped upward off of the lateral aspect of
both of the maxillary and ophthalmic nerves, but only the
ophthalmic nerve has the venous space of the cavernous
sinus on its medial side. The medial side of the maxillary
nerve sits against the bone and is located below the lower
edge of the anterior part of the sinus.

The carotid sulcus is the shallow groove on the lateral
aspect of the body of the sphenoid bone along which the
internal carotid courses in the cavernous sinus. The intra-
cavernous carotid sits against and is separated from the ca-
rotid sulcus by the dura of the medial sinus wall (Fig. 2.18).
The carotid sulcus begins below and lateral to the dorsum

sellae at the intracranial end of the carotid canal, turns for-
ward to form a groove in the body of the sphenoid imme-
diately below the lateral edge of the floor of the sella, and
turns upward to end medial to the anterior clinoid process.
The segment of the internal carotid artery that courses along
the medial side of the clinoid is referred to as the clinoid
segment. The carotid sulcus, in well-pneumatized sphenoid
bones, forms a serpiginous prominence that can be seen in
the lateral wall of the sphenoid sinus below and anterior to
the pituitary fossa. The bone in the lateral wall of the sphe-
noid sinus may be thin or even absent in some areas, allow-
ing the artery to be observed through the sinus wall.

Anterior and Middle Clinoid Processes

The anterior clinoid process projects posteriorly from the
lesser wing of the sphenoid bone above the anterior part
of the roof of the sinus (Fig. 2.18). The base of the clinoid
has three sites of continuity with the adjacent part of the
sphenoid bone. The base is attached anteriorly at the me-
dial edge of the sphenoid ridge, formed by the lesser sphe-
noid wing, and medially to the anterior and posterior roots
of the lesser wing. The anterior root of the lesser wing ex-
tends medially from the base of the anterior clinoid to the
body of the sphenoid bone and forms the roof of the optic
canal. The posterior root of the lesser wing, called the optic
strut, extends medially below the optic nerve to the sphe-
noid body and forms the floor of the optic canal. The base of
the anterior clinoid forms the lateral margin of the optic ca-
nal. The segment of the internal carotid artery that courses
along the medial aspect of, and is exposed by removal of
the anterior clinoid, is referred to as the clinoid segment.
The clinoid segment courses below the medial half of the
lower margin of the clinoid, where it forms a grooves in the
bone before coursing upward along the medial edge of the
clinoid (Fig. 2.18F). The medial edge of the clinoid, just be-
hind the base, is frequently the site of a shallow, rounded
indention that accommodates the lateral surface of the cli-
noid segment. The posterior tip of the clinoid often projects
posteriorly lateral to the lateral part of the clinoid segment.
The anterior clinoid is the site of attachment of the antero-
medial part of the tentorium and the anterior petroclinoid
and interclinoid dural folds. Another dural fold, the falci-
form ligament, extends from the base of the clinoid across

Fig. 2.18 (Continued) superior orbital fissure from the foramen rotundum. (C) Oblique posterior view of the right optic strut. The lateral part of

the bony collar around the clinoid segment is formed by the anterior clinoid, and the anterior part is formed by the posterior surface of the optic
strut and the part of the carotid sulcus located medial to the anterior clinoid process. The posterior surface of the optic strut is wider medially
adjacent to the carotid sulcus than it is laterally at the site of attachment to the anterior clinoid process. The optic strut slopes downward from
its lateral end so that the medial part of the bony collar is located below the level of the part of the collar joining the anterior clinoid. The infero-
medial aspect of the right anterior clinoid has a groove formed by the artery. (D) Superior view of a specimen with bilateral caroticoclinoidal
foramina and interclinoidal osseous bridges. An osseous bridge connects the tips of the anterior and middle clinoid processes bilaterally, thus
creating a bony ring around the artery, called a caroticoclinoidal foramen, on each side. There is also an interclinoidal osseous bridge connecting
the anterior and posterior clinoid processes on both sides. (E) Superior view of another specimen, in which the lesser sphenoid wings and the
base of the anterior clinoids and roof of the optic canals have been removed. The remaining part of the anterior clinoid is held in place by its
attachment to the optic strut. The medial side of the anterior clinoid is grooved to accommodate the clinoid segment. (F) Enlarged view of the
left half of (E). The posterior face of the optic strut is shaped to accommodate the anterior surface, and the medial aspect of the anterior clinoid
is grooved to accommodate the lateral surface of the clinoid segment. The tip of the anterior clinoid process is the site of a small bony projection
directed toward the middle clinoid process, with the anterior and middle clinoids nearly completing a ring around the clinoid segment at the
level of the cavernous sinus roof. The sphenoid sinus may pneumatize through the optic strut into the anterior clinoid.
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the roof of the optic canal to the planum sphenoidale. The
chiasmatic sulcus is a shallow trough on the upper surface
of the sphenoid bone between the intracranial end of the
optic canals. The tuberculum sellae is located in the mid-
line along the ridge forming the posterior margin of the
chiasmatic sulcus. The anterior clinoid has a dense surface
of cortical bone and a weak diploe of cancellous bone that
is sometimes crossed by small venous channels that com-
municate with the cavernous sinus and the diploic veins of
the orbital roof. The air cells in the sphenoid sinus may also
extend through the optic strut into the anterior clinoid.

There is another small prominence, the middle clinoid
process, that projects upward on the medial side of the ter-
minal part of the carotid sulcus and medial to the tip of the
anterior clinoid process (Fig. 2.18). An osseous bridge may
extend from the tip of the middle clinoid to the tip of the
anterior clinoid, thus converting the roof of the anterior
part of the cavernous sinus into a bony ring or foramen,
referred to as a caroticoclinoidal foramen, through which
the internal carotid artery passes (Fig. 2.18D). This type
of variant may infrequently occur bilaterally.?* There may
also be interclinoidal osseous bridges that extend from the
anterior to the posterior clinoid unilaterally or bilaterally
(Fig. 2.18D). Such bridges make it difficult to remove the
anterior clinoid process.

Optic Strut

The optic strut (posterior root of the lesser wing) is a small
bridge of bone that extends from the inferomedial aspect
of the base of the anterior clinoid process to the body of the
sphenoid just in front of the carotid sulcus?* (Figs. 2.16 and
2.18). The strut, from its junction with the clinoid, slopes
gently downward as it approaches the body of the sphe-
noid. The strut separates the optic canal and superior or-
bital fissure. The superior surface of the strut, which slopes
downward and forward from its intracranial edge, forms
the floor of the optic canal. The inferior surface of the optic
strut forms the medial part of the roof of the superior or-
bital fissure and the anterior part of the roof of the cavern-

ous sinus. The strut sits at the junction of the orbital apex
anteriorly with the superior orbital fissure and optic canal
posteriorly. The anterior edge of the strut is a narrow ridge
located at the junction of its superior and inferior surfaces.
The posterior face of the optic strut, which faces slightly
downward, is shaped to accommodate the anterior surface
of the anterior bend of the intracavernous carotid, which
rests against the posterior surface of the optic strut as it
ascends on the medial side of the anterior clinoid process.
The site at which the strut blends into the sphenoid body
is marked in the sphenoid sinus by a recess, the opticoca-
rotid recess, that extends laterally from the superolateral
part of the sphenoid sinus between the prominences in the
sinus wall overlying the carotid sulcus and optic canal. This
recess may extend deeply into the strut, so that the strut
is partially or completely aerated by a lateral extension of
the sphenoid sinus. The aeration may extend through the
strut into the anterior clinoid process. Venous channels
connecting the cavernous sinus with diploic veins of the
orbital roof and anterior clinoid process may extend into or
through the optic strut.

Dural Relationships

The dural relationships of the anterior clinoidal process are
especially important in planning surgical approaches to the
area (Figs. 2.16, 2.17, 2.18, and 2.19). The dura extends me-
dially from the upper surface of the anterior clinoid to sur-
round the carotid artery and form a dural ring, referred to as
the upper or distal ring, at the upper margin of the clinoid
segment of the carotid.? The dura forming the lateral part of
the upper ring extends forward and medially below the optic
nerve to line the upper surface of the optic strut and poste-
riorly at the level of the upper part of the carotid sulcus to
form the medial part of the upper ring. Further medially, the
dura forming the upper ring blends into the diaphragma sel-
lae. The dura extending medially above the optic nerve from
the clinoid process to line the anterior root of the lesser wing
and attaching to the posterior edge of the planum sphenoi-
dale is located at the horizontal level of the upper surface of

Fig. 2.19 Triangles in the region of the cavernous sinus and middle fossa formed by the convergence and divergence of the cranial nerves.
(A,B) Lateral aspect of brainstem and posterior fossa showing the brainstem origin of the cranial nerves, which form the margins of the cavern-
ous sinus and middle fossa triangles. The tentorial edge was preserved in (A) and removed in (B). There are four cavernous sinus triangles, four
middle fossa triangles, and two paraclival triangles. The cavernous sinus triangles are the clinoidal, oculomotor, supratrochlear, and infratrochlear
triangles. The clinoidal triangle, exposed by removing the anterior clinoid process, is situated in the interval between the optic and oculomotor
nerves. The optic strut is in the anterior part, the clinoid segment is in the midportion, and the thin roof of the cavernous sinus is in the pos-
terior part of this triangle. The oculomotor triangle is the triangular patch of dura through which the oculomotor nerve enters the roof of the
cavernous sinus. The posterior margin of this triangle is formed by the posterior petroclinoid dural fold, which extends from the petrous apex to
the posterior clinoid process. The lateral margin is formed by the anterior petroclinoid dural fold, which extends from the petrous apex to the
anterior clinoid process. The medial margin is formed by the intraclinoid dural fold, which extends from the anterior to the posterior clinoid. The
supratrochlear triangle is situated between the lower surface of the oculomotor nerve and the upper surface of the trochlear nerve, and a line
joining the points of entrance of these nerves into the dura is its third margin. This triangle is very narrow. The infratrochlear triangle (Parkin-
son’s triangle) is located between the lower margin of the trochlear nerve and the upper margin of the ophthalmic nerve, and a third margin
is formed by a line connecting the point of entry of the trochlear nerve into the dura to the site where the trigeminal nerve enters Meckel’s
cave. The posterior bend of the carotid artery and the origin of the meningohypophyseal trunk are located in this triangle. The middle fossa
triangles are the anteromedial, anterolateral, posterolateral, and posteromedial triangles. The anteromedial triangle is situated between the
lower margin of the ophthalmic and the upper margin of the maxillary nerves, and a third edge is formed by a line connecting the point where
the ophthalmic nerve passes through the superior orbital fissure and the maxillary nerve passes through the foramen rotundum. Removing bone
in the medial wall of this triangle will create an opening into the sphenoid sinus. The anterolateral triangle is located between the lower surface
of the maxillary nerve, the upper surface of the mandibular nerve, and a line connecting the foramen ovale and rotundum. Opening the bone
in the medial wall of this triangle exposes the sphenoid sinus. The posterolateral triangle (Glasscock’s triangle) is formed on the anterolateral
side by the lateral surface of the mandibular nerve distal to the point at which the greater petrosal nerve crosses below the lateral surface of the
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Fig. 2.19 (Continued) trigeminal nerve; on the posterolateral side it is formed by the anterior margin of the greater petrosal nerve. This triangle
encompasses the floor of the middle cranial fossa between these two structures. The middle meningeal artery passes through the foramen spino-
sum in this triangle. Opening the floor of the middle fossa in this triangle exposes the infratemporal fossa. The posteromedial triangle (Kawase’s
triangle) is located between the greater petrosal nerve and the lateral edge of the trigeminal nerve behind the point where the greater petrosal
nerve passes below the lateral edge of the trigeminal nerve, and a line along the connecting hiatus fallopii to the dural ostium of Meckel’s cave.
The petrous carotid crosses the anterior margin of this triangle. The cochlea is located below the floor of the middle fossa in the lateral apex of the
triangle. Drilling the bony floor of the triangle in the area behind the internal carotid artery and medial to the cochlea exposes the lateral edge of
the clivus. The paraclival triangles are the inferomedial and inferolateral triangles. The inferolateral paraclival triangle is located on the posterior
surface of the clivus and temporal bone. The medial margin is formed by a line connecting the dural entry sites of the trochlear and abducens
nerves; the upper margin extends from the dural entrance of the trochlear nerve to the point at which the first petrosal vein lateral to Meckel’s
cave joins the superior petrosal sinus (removed), and the lower margin is formed by a line connecting the point at which the abducens nerve
enters the dura to the site at which the first petrosal vein, lateral to the trigeminal nerve, joins the superior petrosal sinus. The porus, through
which the posterior trigeminal root enters Meckel’s cave, is situated in the center of the inferolateral paraclival triangle. The inferomedial para-
clival triangle is formed above by a line extending from the posterior clinoid process to the dural entrance of the trochlear nerve, laterally by a line
connecting the dural entrances of the trochlear and abducens nerves, and medially by a line extending from the dural entrance of the abducens
nerve to the posterior clinoid process. The dura in this triangle forms the posterior wall of the cavernous sinus. (Continued on page 38)
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Fig. 2.19 (Continued) Triangles in the region of the cavernous sinus and middle fossa formed by the convergence and divergence of the cra-
nial nerves. (C) Lateral view of the parasellar area and the oculomotor triangle. The temporal lobe has been elevated to expose the oculomo-
tor and trochlear nerves as they enter the roof of the cavernous sinus. The oculomotor triangle is the triangular patch of dura through which
the oculomotor nerve enters the roof of the cavernous sinus. The optic tract passes backward on the medial side of the uncus. (D) Enlarged
view of the clinoidal, oculomotor, supratrochlear, and infratrochlear cavernous sinus triangles. The optic strut is exposed in the anterior part
of the clinoidal triangle, the clinoid segment is exposed in the midportion, and the roof of the cavernous sinus is exposed in the posterior
part. The upper margin of the clinoid segment is surrounded by the upper dural ring, which is formed by the dura extending medially from
the upper surface of the anterior clinoid. The lower margin of the clinoid segment is defined by the lower dural ring, which is formed by the
dura extending medially from the lower margin of the anterior clinoid. The dura on the lower margin of the anterior clinoid, referred to as the
carotid-oculomotor membrane, separates the lower surface of the anterior clinoid from the upper surface of the oculomotor nerve and ex-
tends medially to form the lower dural ring. The posterior bend of the internal carotid artery and the origin of the meningohypophyseal trunk,
which gives rise to the tentorial and dorsal meningeal arteries, are exposed in the infratrochlear triangle. The abducens nerve passes through
Dorello’s canal and between the lateral surface of the intracavernous carotid and the medial side of the ophthalmic nerve. The inferolateral
trunk arises from the horizontal segment of the intracavernous carotid and passes above the abducens nerve. (E,F) Side-by-side comparison of
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the clinoid. However, the dura that extends medially off the
upper surface of the clinoid to line the upper surface of the
optic strut and form the upper dural ring slopes downward
as it proceeds medially, so that the medial part of the upper
dural ring actually lies at the level of the lower rather than
the upper surface of the anterior clinoid and optic canal.

The layer of dura that lines the lower margin of the an-
terior clinoid and extends medially to form the lower or
proximal dural ring is called the carotid-oculomotor mem-
brane because it separates the lower margin of the clinoid
from the oculomotor nerve and extends medially around
the carotid artery (Figs. 2.16 and 2.19). This membrane
extends medially and forward to line the lower surface of
the optic strut. The segment of the internal carotid artery
located between the upper and lower dural rings, which
is exposed by removing the anterior clinoid process, is
referred to as the clinoid segment. It may be necessary to
divide the dural rings to mobilize the carotid artery in the
management of tumors and aneurysms arising at the level
of the roof of the cavernous sinus.

Neural Relationships

The location of the nerves in the sinus wall or sinus, su-
periorly to inferiorly, are the third nerve followed by the
trochlear, ophthalmic, and abducens nerves'8?627 (Figs.
2.16, 2.17, and 2.19). The oculomotor, trochlear, and oph-
thalmic nerves course in the inner part of the lateral si-
nus wall. The abducens courses medial to the ophthalmic
nerve and is adherent to the lateral surface of the intracav-
ernous carotid medially, but it also is adherent laterally to
the medial surface of the ophthalmic nerve and the inner
part of the lateral sinus wall.

The oculomotor nerve pierces the roof of the cavernous
sinus near the center of the oculomotor triangle, and the
fourth nerve enters the dura at the posterolateral edge of
the triangle. A short length of both the trochlear and ocu-
lomotor nerves is surrounded by a dural and arachnoid
cuff, to create the oculomotor and trochlear cisterns, as
they pass through the roof of the cavernous sinus and be-
low the anterior clinoid process. Both nerves are situated
medial to, and slightly beneath, the level of the free edge of
the tentorium at their point of entry.

The oculomotor nerve enters the cavernous sinus slightly
lateral and anterior to the dorsum sellae, almost directly

above the origin of the meningohypophyseal trunk from the
intracavernous carotid, and courses along the lower margin
of the anterior clinoid and the carotid-oculomotor mem-
brane. The oculomotor nerve pierces the sinus roof between
2 and 7 mm posterior to the initial supraclinoid segment of
the carotid artery; the average separation is 5 mm.'®

The trochlear nerve enters the roof of the sinus pos-
terolateral to the third nerve and courses below the ocu-
lomotor nerve in the posterior part of the lateral wall.
Anteriorly, below the base of the anterior clinoid process,
it passes upward along the lateral surface of the oculomo-
tor nerve. From there, the trochlear nerve passes medially
between the oculomotor nerve and dura lining the lower
margin of the anterior clinoid and optic strut to reach the
medial part of the orbit and the superior oblique muscle.

The ophthalmic nerve is the smallest of the three tri-
geminal divisions. It is inclined upward as it passes for-
ward near the medial surface of the dura forming the lower
part of the lateral wall of the cavernous sinus to reach the
superior orbital fissure. It is flattened in the wall of the cav-
ernous sinus, but at the superior orbital fissure it takes on
an oval configuration. The ophthalmic nerve splits into the
lacrimal, frontal, and nasociliary nerves as it approaches
the superior orbital fissure.

The superior petrosal sinus passes above the posterior
root of the trigeminal root to form the upper margin of
the ostium of Meckel’s cave, the dural and subarachnoid
cavern that communicates with the subarachnoid space in
the posterior fossa (Fig. 2.16). The cave extends forward
around the posterior trigeminal root to the midportion of
the ganglion. The motor root of the trigeminal nerve cours-
es on the medial side of the sensory fibers at the level of
Meckel’s cave.

The abducens nerve pierces the dura forming the lower
part of the posterior wall of the sinus at the upper border
of the petrous apex and enters a dural cave, referred to as
Dorello’s canal; here it passes below the petrosphenoid lig-
ament (Gruber’s ligament), which extends from the lower
part of the lateral edge of the dorsum sellae to the petrous
apex, to enter the cavernous sinus (Figs. 2.6 and 2.16). The
nerve bends laterally around the proximal portion of the
intercavernous carotid and gently ascends as it passes for-
ward inside the cavernous sinus medial to the ophthalmic
nerve and on the lateral side of the internal carotid artery
and below and medial to the nasociliary nerve. It has the
most medial site of entry of the nerves coursing in the si-

Fig. 2.19 (Continued) the medial and lateral aspects of the cavernous sinus. (E) Lateral view of cavernous sinus. (F) View, through the sphe-
noid sinus, of the medial side of the cavernous sinus. The optic nerve is exposed at the upper margin of the clinoidal triangle and above the
optic strut. On the sphenoid sinus side of the specimen, the optic canal is seen above the opticocarotid recess, which leads into the optic
strut. The clinoid segment rests against the posterior aspect of the optic strut in both views. In the lateral view, the superior orbital fissure,
through which the ophthalmic, trochlear, and abducens nerves pass, is seen below the optic strut. In the view through the sphenoid sinus, the
medial edge of the superior orbital fissure produces a wide, rounded prominence below the optic strut, and the maxillary nerve produces a
prominence in the lower part of the sphenoid sinus just distal to the foramen rotundum. The lateral wing of the sphenoid sinus extends later-
ally under the maxillary nerve into the medial part of the floor of the middle fossa. Opening the middle fossa floor in the anteromedial and
anterolateral triangles exposes the sphenoid sinus. (G) Posterior view of the inferolateral triangle. The medial edge of the inferolateral triangle
extends between the dural entrances of cranial nerves IV and V. The inferior limb extends from cranial nerve VI to where the first vein lateral
to Meckel’s cave joins the superior petrosal sinus and the superior limb extends from that vein to the dural entrance of cranial nerve IV. The
ostium of Meckel’s cave is located within the inferolateral triangle. (H) Posterior view of the inferomedial triangles. The medial limb of the
inferomedial triangle extends from the posterior clinoid to the dural entrance to the abducens nerve. The lateral limb extends between the
dural entrances of nerves IV and VI, and the superior limb extends from nerve IV to the posterior clinoid. On the right side, there is an abnormal
projection of the posterior clinoid process that extends below the oculomotor nerve toward the petrous apex.



40 Sellar and Parasellar Tumors

nus wall and maintains that position in its course through
the sinus. The nerve usually enters the sinus as a single
bundle but may persist as two bundles in the subarachnoid
space. After entering the sinus, it may split into as many
as five rootlets as it courses between the internal carotid
artery and ophthalmic nerve. In a study of 50 sinuses, the
intracavernous segment of the nerve consisted of a single
rootlet in 34 specimens, two in 13, three in two, and five
in one.'

Sympathetic fiber bundles large enough to be recognized
without a surgical microscope travel on the surface of the
carotid as it emerges from the foramen lacerum. Some of
the bundles join the sixth nerve within the sinus before ul-
timately being distributed to the first trigeminal division,
which sends sympathetic fibers that reach the pupillodila-
tor through the long ciliary nerves and pass through the
ciliary ganglion.?®?° Some sympathetic fibers pass directly
from the carotid plexus to the ciliary ganglion, and others
may travel along the ophthalmic artery to the globe.>

Parasellar Triangles

The parasellar region is the site of several significant trian-
gular relationships formed by the convergence and diver-
gence of the cranial nerves in the region of the cavernous
sinus and middle fossa. The four triangles in the cavernous
sinus, four in the middle fossa lateral to the cavernous si-
nus, and two in the paraclival area are helpful in under-
standing and planning approaches to the cavernous sinus
(Fig. 2.19). The cavernous sinus triangles are formed by the
optic, oculomotor, trochlear, and ophthalmic nerves con-
verging on the optic canal and superior orbital fissure. The
middle fossa triangles are formed by the trigeminal divi-
sions diverging as they pass from the gasserian ganglion to
reach their foramina.?’

Cavernous Sinus Triangles

1. Clinoidal triangle. This triangle is situated in the in-
terval between the optic and oculomotor nerves. It
is exposed by removing the anterior clinoid process.
The optic strut is in the anterior part, the clinoid
segment of the internal carotid artery is in the mid-
portion, and the thin roof of the cavernous sinus is
in the posterior part of this triangle (Fig. 2.19).

2. Oculomotor triangle. This triangle is formed by the
triangular patch of dura through which the oculo-
motor nerve enters the roof of the cavernous sinus.
Two margins of the triangle are formed by the
anterior and posterior petroclinoidal dural folds,
which extend, respectively, from the anterior and
posterior clinoid processes to the petrous apex; the
third side is formed by the interclinoidal dural fold,
which extends from the anterior to the posterior
clinoid process.

3. Supratrochlear triangle. This triangle is situated
between the lower surface of the oculomotor nerve
and the upper surface of the trochlear nerve; a line
joining the points of entrance of these nerves into

the dura is its third margin. This triangle is very
narrow.

4. Infratrochlear triangle (Parkinson’s triangle). This
triangle is located between the lower margin of
the trochlear nerve and the upper margin of the
ophthalmic nerve, and a third margin is formed by
a line connecting the point of entry of the trochlear
nerve into the dura to the site where the trigeminal
nerve enters Meckel’s cave. The posterior bend of
the internal carotid artery and the origin of the me-
ningohypophyseal trunk from the posterior bend
are located in this triangle, except when the carotid
artery is elongated and tortuous, in which case the
origin may be pushed upward into the oculomotor
triangle. Parkinson first described the surgical ex-
posure of the intercavernous portion of the carotid
artery through this triangle for the treatment of
carotid cavernous fistulas.?®*'32 In a prior study,
we found that the superior margin of the triangle
formed by the lower margin of the fourth cranial
nerve averaged 13 mm (range, 8-20 mm); the infe-
rior margin formed by the upper margin of the fifth
cranial nerve averaged 14 mm (range, 5-24 mm);
the posterior margin represented by the slope of
the dorsum and clivus averaged 6 mm (range, 3-14
mm). The average triangle measured 13 x 14 x 6
mm; however, it can be very small, measuring only
8 x 5 x 3 mm, and may not be large enough to pro-
vide a good surgical exposure of all of the arterial
branches within the sinus.!® Parkinson, through an
incision starting 4 mm beneath the dural entrance
of the third nerve and extending anteriorly ~2 cm
parallel to the slope of the third and fourth nerves,
exposed the meningohypophyseal trunk and the
artery of the inferior cavernous sinus.* The sixth
nerve at the bottom edge of the exposure was
seen upon retraction of the superior aspect of the
trigeminal nerve.

Middle Fossa Triangles

1. Anteromedial middle fossa triangle. This triangle is
situated between the lower margin of the ophthal-
mic nerve and the upper margin of the maxillary
nerve, and a third edge is formed by a line connect-
ing the point where the ophthalmic nerve passes
through the superior orbital fissure and the maxil-
lary nerve passes through the foramen rotundum
(Fig. 2.19). Removing bone in the triangular space
between the ophthalmic and maxillary nerves cre-
ates an opening into the sphenoid sinus.

2. Anterolateral middle fossa triangle. This triangle is
located between the lower surface of the maxillary
nerve, the upper surface of the mandibular nerve,
and a line connecting the foramen ovale and fora-
men rotundum. Opening the bone in the medial
wall of this triangle exposes the lateral wing of the
sphenoid sinus.

3. Posterolateral middle fossa triangle (Glasscock’s
triangle). This triangle is formed on the antero-
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medial side by the lateral surface of the mandibu-
lar nerve distal to the point at which the greater
petrosal nerve crosses below the lateral surface

of the trigeminal nerve, and on the posterolateral
side by the anterior margin of the greater petrosal
nerve. This triangle opens laterally to encompass
the midportion of the floor of the middle cranial
fossa. The middle meningeal artery passes through
the foramen spinosum in this triangle. Opening the
floor of the middle fossa in this triangle exposes
the infratemporal fossa, which is the site of the
pterygoid muscles and venous plexus, branches of
the mandibular nerve, and a segment of the maxil-
lary artery.

4. Posteromedial middle fossa triangle (Kawase’s tri-
angle). This triangle is located between the greater
petrosal nerve, the lateral edge of the trigeminal
nerve behind the point where the greater petrosal
nerve passes below its lateral surface, and a line
along the connecting hiatus fallopii to the dural os-
tium of Meckel’s cave. The petrous segment of the
internal carotid artery crosses the anterior margin
of this triangle. Removing the bone in the lateral
part of the posteromedial triangle exposes the
cochlea and anterior wall of the internal auditory
canal, and in the medial part of the posteromedial
triangle exposes the side of the clivus and the infe-
rior petrosal sinus.

Paraclival Triangles

1. Inferolateral paraclival triangle. This triangle is
located on the posterior surface of the clivus and
temporal bone between the lines connecting the
dural entry sites of the trochlear and abducens
nerves and the point at which the abducens nerve
enters the dura to the site where the first petro-
sal vein, lateral to the trigeminal nerve, joins the
superior petrosal sinus. The porus through which
the posterior trigeminal root enters Meckel’s cave is
situated in the center of the inferolateral paraclival
triangle.

2. Inferomedial paraclival triangle. This triangle is
located between the lines connecting the poste-
rior clinoid process and the dural entrance of the
trochlear nerve. The abducens nerve enters the
cavernous sinus at the lower edge of this triangle.
This triangle extends along the posterior sinus
wall. Opening the dura in the medial part of the
inferomedial triangle exposes the lateral edge of
the dorsum sellae, the upper end of the petroclival
suture, and the sixth nerve passing below Gruber’s
ligament.

Arterial Relationships

The internal carotid artery exits the foramen lacerum lat-
eral to the posterior clinoid process, where it passes under
the petrolingual ligament and turns abruptly forward to

course along the carotid sulcus and lateral part of the body
of the sphenoid (Figs. 2.16, 2.17, 2.18, and 2.19). It passes
forward in a horizontal direction for ~2 cm and terminates
by passing upward along the medial side to the anterior
clinoid process and the posterior surface of the optic strut,
where it penetrates the roof of the cavernous sinus. The cli-
noid segment of the carotid artery is tightly surrounded by
the anterior clinoid process laterally, the optic strut ante-
riorly, and the carotid sulcus medially, with only a narrow
space left between the bone and the artery. The dura lining
the surface of these osseous structures facing the clinoid
segment forms the carotid collar around the clinoid seg-
ment. The intracavernous carotid is relatively fixed by the
bony ring, but despite this, large extensions of pituitary tu-
mor may produce lateral displacement of the artery.

Just proximal to the cavernous sinus in the foramen lace-
rum, the artery lies beneath the trigeminal nerve.'® In sur-
gical approaches to the trigeminal nerve directed through
the middle cranial fossa, there is a tendency to assume
that the carotid artery is distant from the trigeminal nerve.
However, nearly 85% of carotid arteries are exposed under
some portion of Meckel’s cave and the trigeminal nerve,
with only dura, and no bone, separating the nerve from
the artery'® (Figs. 2.16 and 2.19). In the remainder, the
bone separating the nerve and artery is often paper-thin.
The region without bone over the carotid often extends to
the lateral edge of the trigeminal nerve, and in more than
one-third, the bone covering the carotid is defective lateral
to the edge of the third division. The maximum length of
artery exposed lateral to the nerve was 7 mm in our study.

The branches of the intracavernous carotid are the me-
ningohypophyseal trunk, the largest branch, present in
100% of our specimens; the artery of the inferior cavernous
sinus, present in 84%; and McConnell’s capsular arteries,
present in 28%2'33 (Figs. 2.1, 2.11, and 2.19). Less frequent
branches of the intracavernous carotid were the ophthal-
mic artery (8%) and the dorsal meningeal artery (6%).' The
meningohypophyseal trunk, the most proximal intracav-
ernous branch, arises at or just before the apex of the first
curve of the intracavernous carotid, where it turns forward
after leaving the foramen lacerum (Fig. 2.19). The menin-
gohypophyseal trunk typically gives rise to three branches:
(1) the tentorial artery, also called the artery of Bernasco-
ni-Cassinari,?* which courses lateral to the tentorium; (2)
the inferior hypophyseal artery, which travels medially to
supply the posterior pituitary capsule; and (3) the dorsal
meningeal artery, which enters the dura of the posterior
sinus wall and supplies the clival dura and cranial nerve VI.
The artery of the inferior cavernous sinus, also called the
inferolateral trunk, may infrequently arise from the me-
ningohypophyseal trunk.'® The tentorial artery, the most
constant branch of the meningohypophyseal trunk, pres-
ent in 100% of instances, passes forward to the roof of the
cavernous sinus and then posterolaterally along the free
edge of the tentorium. The dorsal meningeal artery arises
from the meningohypophyseal trunk in 90% of cavernous
sinuses. It passes posteriorly through the cavernous sinus
with the abducens nerve to reach the dura over the dor-
sum and clivus. The inferior hypophyseal artery, the least
frequent of the three common branches of the meningo-
hypophyseal trunk, arises from the meningohypophyseal
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trunk in 80% of cavernous sinuses.'3? It passes medial to
the posterior pituitary capsule and lobe and anastomo-
ses with its mate of the opposite side after supplying the
dura of the sellar floor. The dorsal meningeal and inferior
hypophyseal arteries that do not arise from the meningo-
hypophyseal artery usually arise directly from the intra-
cavernous carotid.

The inferolateral trunk (artery of the inferior cavernous
sinus) arises from the lateral side of the midportion of the
horizontal segment of the intracavernous carotid ~5 to 8
mm distal to the origin of the meningohypophyseal trunk.
It arises directly from the carotid artery in 84% of cavern-
ous sinuses and from the meningohypophyseal artery in
another 6%.'3%6 It passes above or below the sixth nerve and
downward medial to the first trigeminal division to supply
the dura of the inferior lateral wall of the cavernous sinus
and the area of the foramen rotundum and foramen ovale.

McConnell’s capsular arteries arise from the medial side
of the carotid artery and pass to the capsule of the gland or
the dura lining the anterior wall and floor of the sella. They
are frequently absent, found in approximately a quarter of
cavernous sinuses.'8

The ophthalmic artery commonly arises just above the
upper ring from the medial half of the anterior wall of the
internal carotid artery, but it may also arise in the cavern-
ous sinus, in which case it usually passes through the su-
perior orbital fissure. It may rarely arise from the middle
meningeal artery.®

¢ Suprasellar and Third Ventricular Region

This section deals with neural, arterial, and venous rela-
tionships in the suprasellar and third ventricular regions
that are important in the management of tumors that ex-
tend upward from the sella into these areas.

Ventricular and Cisternal Relationships

Tumors arising in the sella often extend upward into the su-
prasellar cisterns to compress the optic nerves and chiasm
and floor of the third ventricle, and to involve the circle of
Willis*¢ (Fig. 2.20). The area involved by those tumors aris-
ing in the sella corresponds to the anterior incisural space
located between the free edges of the tentorium and the
front of the midbrain. The anterior incisural space corre-
sponds roughly to the suprasellar area. From the front of
the midbrain, it extends obliquely forward and upward
around the optic chiasm to the subcallosal area. It opens
laterally into the sylvian fissure and posteriorly between
the uncus and the brainstem.

The part of the anterior incisural space located below
the optic chiasm has posterior and posterolateral walls.?738
The posterior wall is formed by the cerebral peduncles
and walls of the interpeduncular cistern. The posterolat-
eral wall is formed by the anterior one-third of the uncus,
which extends medially above the free edge of the tento-
rium and oculomotor nerve. The infundibulum of the pitu-
itary gland crosses the anterior incisural space to reach the
opening in the diaphragma sellae. The part of the anterior
incisural space situated above the optic chiasm is limited
superiorly by the rostrum of the corpus callosum, posteri-

orly by the lamina terminalis, and laterally by the part of
the medial surfaces of the frontal lobes located below the
frontal horns.

The anterior incisural space opens laterally into the part
of the sylvian fissure situated below the anterior perforat-
ed substance. The anterior limb of the internal capsule, the
head of the caudate nucleus, and the anterior part of the
lentiform nucleus are located above the anterior perforated
substance. The interpeduncular cistern, which sits in the
posterior part of the anterior incisural space between the
cerebral peduncles and the dorsum sellae, communicates
anteriorly with the chiasmatic cistern, which is located
below the optic chiasm. The interpeduncular and chias-
matic cisterns are separated by Liliequist’s membrane, an
arachnoidal sheet extending from the dorsum sellae to the
mamillary bodies. The chiasmatic cistern communicates
around the optic chiasm with the cisterna laminae termi-
nalis, which lies anterior to the lamina terminalis.

Cranial Nerves

The optic and oculomotor nerves and the posterior part of
the olfactory tracts pass through the suprasellar region and
anterior incisural space (Figs. 2.16, 2.17, 2.19, and 2.20).
Each olfactory tract runs posteriorly and splits just above
the anterior clinoid process to form the medial and lateral
olfactory striae, which course along the anterior margin of
the anterior perforated substance.

The optic nerves and chiasm and the anterior part of the
optic tracts cross the anterior incisural space. The optic
nerves emerge from the optic canals medial to the anterior
clinoid processes and are directed posteriorly, superiorly,
and medially toward the optic chiasm. From the chiasm,
the optic tracts continue in a posterolateral direction
around the cerebral peduncles toward the lateral genicu-
late bodies. The optic nerve proximal to its entrance into
the optic canal is covered by a reflected leaf of dura mater,
the falciform process, which extends medially from the an-
terior clinoid process across the top of the optic nerve. The
length of nerve covered only by the dura of the falciform
process at the intracranial end of the optic canal may vary
from less than 1 mm to as much as 1 cm.5 Coagulation of
the dura above the optic nerve just proximal to the optic
canal on the assumption that bone separates the dura ma-
ter from the nerve can lead to nerve injury. Compression
of the optic nerve against the sharp edge of the falciform
process may result in a visual field deficit even if the com-
pressing lesion does not damage the nerve enough to cause
visual loss.%8

The optic chiasm is situated at the junction of the anteri-
or wall and floor of the third ventricle (Figs. 2.20 and 2.21).
The anterior cerebral and anterior communicating arteries,
the lamina terminalis, and the third ventricle are located
above the chiasm. The tuber cinereum and the infundibu-
lum are posterior to, the internal carotid arteries are lat-
eral to, and the diaphragma sellae and pituitary gland are
below the optic chiasm. The suprachiasmatic recess of the
third ventricle is located between the chiasm and lamina
terminalis. The infundibular recess extends into the base
of the pituitary stalk behind the optic chiasm. The relation-
ship of the chiasm to the sella is an important determinant
of the ease with which the pituitary fossa can be exposed
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Fig. 2.20 Neural relationships in the suprasellar area. (A) Midsagittal section of the sella, pituitary gland, sphenoid sinus, and third ventricle.
The anterior part of the third ventricle is located above the sella. The columns of the fornix descend along the superior and anterior margins of
the foramen of Monro to reach the mamillary bodies. The optic chiasm and stalk are located above the sella. The internal cerebral veins course
in the roof of the third ventricle. (B) Enlarged view. The suprachiasmatic recess of the third ventricle is located between the lamina terminalis
and the chiasm. The infundibular recess extends into the stalk in the area behind the chiasm. The lamina terminalis extends upward and is
continuous with the rostrum of the corpus callosum. The thin part of the third ventricular floor between the chiasm and the mamillary bodies
is suitable for a third ventriculostomy. The anterior commissure crosses the wall of the third ventricle in front of the columns of the fornix. The
massa intermedia crosses the midportion of the third ventricle. (C) The anterior part of the hemisphere has been removed to expose the lateral
ventricles and suprasellar area. The optic nerve and chiasm are located above the sella. The chiasm cistern is located below the optic chiasm and
opens upward between the optic nerves to the area in front of the lamina terminalis. The anterior commissure crosses the anterior wall of the
third ventricle above the lamina terminalis. The anterior part of the third ventricle is located above the sella. The body of the lateral ventricle
is situated above the third ventricle. The columns of the fornix form the superior and anterior margins of the foramen of Monro. The olfactory
tracts pass above the optic nerves, and the optic tracts pass above the oculomotor nerves. (D) The cross-section on the right hemisphere has
been extended backward to the midportion of the temporal horn and thalamus. This exposes the oculomotor nerve arising on the medial sur-
face of the cerebral peduncle and passing below the floor of the third ventricle and lateral to the sella. The crural cistern is located between the
uncus and the cerebral peduncle. The mamillary bodies are positioned in the floor of the third ventricle. The posterior commissure sits above
the aqueduct. (E) The full length of the floor of the third ventricle has been exposed by removing the thalami bilaterally. The mamillary bodies
are located at the junction of the anterior and middle thirds of the floor. The floor behind the mamillary bodies is formed by the upper midbrain.
The floor in front of the mamillary bodies is very thin and serves as a suitable site for third ventriculostomy. (F) Anterior-superior view. The upper
part of the left thalamus has been removed to expose the optic tract, which extends backward above the oculomotor nerve in the lateral part of
the suprasellar area to reach the lateral geniculate body. The chiasm and posterior part of the optic nerves are located directly above the sella.
The anterior cerebral arteries pass above the chiasm. The left anterior cerebral artery is hypoplastic.
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Fig. 2.21 Sagittal sections and superior views of the sellar region showing the optic nerve and chiasm and the carotid artery. The
prefixed chiasm is located above the tuberculum. The normal chiasm is located above the diaphragma. The postfixed chiasm is

situated above the dorsum.

by the transfrontal surgical route (Fig. 2.21). The normal
chiasm overlies the diaphragma sellae and the pituitary
gland, the prefixed chiasm overlies the tuberculum, and
the postfixed chiasm overlies the dorsum. In ~70% of cases,
the chiasm is in the normal position. Of the remaining 30%,
about half are “prefixed” and half “postfixed.”®

A prominent tuberculum sellae may restrict access to
the sella even in the presence of a normal chiasm. The tu-
berculum may vary from almost flat to protruding upward
as much as 3 mm, and it may project posteriorly to the

margin of a normal chiasm® (Fig. 2.18). A prefixed chiasm,
a normal chiasm with a small area between the tubercu-
lum and the chiasm, and a superior protruding tuberculum
sellae do not limit exposure by the transsphenoidal ap-
proach, but they do limit the access to the suprasellar area
provided by the transcranial approach. There are several
methods of gaining access to the suprasellar area when
these variants are present. One is to expose the sphenoid
sinus from above by opening through the tuberculum and
planum sphenoidale, thus converting the approach to a
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transfrontal-transsphenoidal exposure. If the chiasm is
prefixed and the tumor is seen through a thin, stretched
anterior wall of the third ventricle, the lamina terminalis
may be opened to expose the tumor, but this exposure is
infrequently used for pituitary adenomas and more com-
monly for craniopharyngiomas and gliomas involving the
third ventricle. If the space between the carotid artery and
the optic nerve has been enlarged by a lateral or parasellar
extension of tumor, the tumor may be removed through
this space."”

An understanding of the relationships of the carotid
artery, optic nerve, and anterior clinoid process is funda-
mental to all surgical approaches to the sellar and parasel-
lar areas (Figs. 2.6, 2.16, and 2.17). The carotid artery and
the optic nerve are medial to the anterior clinoid process.
The artery exits the cavernous sinus beneath and slightly
lateral to the optic nerve. The optic nerve pursues a pos-
teromedial course toward the chiasm, and the carotid ar-
tery pursues a posterolateral course toward its bifurcation
below the anterior perforated substance.

The oculomotor nerve arises in the interpeduncular cis-
tern from the midbrain on the medial side of the cerebral
peduncle and courses between the posterior cerebral and
superior cerebellar arteries (Fig. 2.19). The oculomotor
nerve courses in the lateral wall of the interpeduncular
cistern and forms the pillars to which the lateral edge of
Liliequist’s membrane attaches. Liliequist’s membrane ex-
tends upward from the arachnoid membrane covering the
dorsum sellae and separates the chiasmatic and interpe-
duncular cisterns. The uncus of the temporal lobe is situat-
ed lateral to the oculomotor nerve. The oculomotor nerve
pierces the roof of the cavernous sinus and slopes down-
ward in the superolateral corner of the cavernous sinus.

The trochlear nerve is the longest and thinnest cranial
nerve (Figs. 2.6, 2.16, and 2.19). The trochlear nerve arises
from the midbrain below the inferior colliculus and passes
around the brainstem near the junction of the midbrain
and pons to reach the lower margin of the tentorial edge.
The trochlear nerve pierces the medial edge of the tento-
rium and enters the roof of the cavernous sinus just behind
the anterior tentorial attachment.

The abducens nerve arises at the lower margin of the
pons and passes above or below or is split into two bun-
dles by the anterior inferior cerebellar artery (Figs. 2.16
and 2.19). It passes upward in the prepontine cistern, then
turns forward at the upper border of the petrous apex,
where it pierces the dura and passes below the petrosphe-
noid (Gruber’s) ligament to enter the posterior part of the
cavernous sinus.

The trigeminal nerve arises in the posterior fossa from
the midpons. The posterior root passes above the petrous
apex to enter Meckel’s cave, a cavern in the subarachnoid
space located lateral to the cavernous sinus. Meckel’s cave
extends forward to the level of the trigeminal ganglion.

Arterial Relationships

The arterial relationships in the suprasellar area are among
the most complex in the head because this area contains all
the components of the circle of Willis (Figs. 2.22 and 2.23).

Numerous arteries, including the internal carotid and basi-
lar arteries and the circle of Willis and its branches, may be
stretched around tumors in this area. The posterior part
of the circle of Willis and the apex of the basilar artery are
located in the anterior incisural space below the floor of
the third ventricle; the anterior part of the circle of Wil-
lis and the anterior cerebral and anterior communicating
arteries are intimately related to the anterior wall of the
third ventricle; both the anterior and posterior cerebral ar-
teries send branches into the roof of the third ventricle; the
internal carotid, anterior choroidal, anterior and posterior
cerebral, and anterior and posterior communicating arter-
ies give rise to perforating branches that reach the walls
of the third ventricle and anterior incisural space; and all
the arterial components of the circle of Willis and the adja-
cent segments of the carotid and basilar arteries and their
perforating branches may be stretched around suprasellar
extensions of pituitary tumors.!

The internal carotid artery exits the cavernous sinus
along the medial surface of the anterior clinoid process
to reach the anterior incisural space (Figs. 2.16, 2.17, and
2.19). After entering this space it courses posteriorly, supe-
riorly, and laterally to reach the site of its bifurcation below
the anterior perforated substance. It is first below and then
lateral to the optic nerve and chiasm. It sends perforating
branches to the optic nerve, chiasm, and tract and to the
floor of the third ventricle. These branches pass across the
interval between the internal carotid artery and the optic
nerve and may be an obstacle to the operative approaches
directed through the triangular space between the internal
carotid artery, the optic nerve, and the anterior cerebral
artery. The internal carotid artery also gives off the supe-
rior hypophyseal artery, which runs medially below the
floor of the third ventricle to reach the tuber cinereum and
joins its mate of the opposite side to form a ring around the
infundibulum.

The ophthalmic artery, the first branch of the internal
carotid artery above the cavernous sinus, usually arises
and enters the optic canal below the optic nerve (Figs.
2.16, 2.17, and 2.23). Its origin and proximal segment may
be visible below the optic nerve without retraction of the
nerve, although elevation of the optic nerve away from the
carotid artery is usually required to see the segment proxi-
mal to the optic foramen. The artery arises from the supra-
clinoid segment of the carotid artery in most cases, but in
some cases, it arises within the cavernous sinus or rarely as
a branch of the middle meningeal artery.5!826.39

The posterior communicating artery arises from the pos-
terior wall of the internal carotid artery and courses pos-
teromedially below the optic tracts and the floor of the third
ventricle to join the posterior cerebral artery (Figs. 2.22
and 2.23). Its branches penetrate the floor of the third ven-
tricle between the optic chiasm and the cerebral peduncle
and reach the thalamus, hypothalamus, subthalamus, and
internal capsule. Its posterior course varies depending on
whether the artery provides the major supply to the distal
posterior cerebral artery. If it is normal, with the posterior
cerebral artery arising predominantly from the basilar ar-
tery, it is directed posteromedially above the oculomotor
nerve toward the interpeduncular fossa. If the posterior
cerebral artery has a fetal type of configuration, in which it
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Fig. 2.22 Vascular relationships in the suprasellar area. (A) The anterior cerebral arteries course above the optic chiasm and in front of the
lamina terminalis. The carotid arteries exit the cavernous sinus and pass upward in the lateral margins of the suprasellar area. The superior hy-
pophyseal arteries cross the chiasmatic cistern to reach the lower margin of the chiasm and pituitary stalk. (B) Superior view of the suprasellar
region. The floor of the third ventricle has been exposed from the suprachiasmatic recess anteriorly to the level of the aqueduct posteriorly. The
anterior cerebral arteries pass above the chiasm. The posterior communicating arteries pass backward below the floor of the third ventricle. The
basilar artery bifurcates into the posterior cerebral arteries below the floor of the third ventricle. (C) Superior view of the suprasellar region. The
carotid arteries course along the lateral margin of the chiasmatic cistern. The basilar bifurcation is located above and behind the sella. The pos-
terior communicating arteries travel backward across the dorsum to join the posterior cerebral arteries. The posterior communicating arteries
usually course above and medial to the oculomotor nerves. (D) The optic chiasm is positioned above the diaphragm and sella. The optic tracts
extend backward and laterally above the posterior cerebral arteries and oculomotor nerves toward the lateral geniculate bodies. The basilar
bifurcation has been retracted forward to show the perforating arteries entering the midbrain, which can be damaged in the transsphenoidal
approach if the posterior wall of the capsule of a pituitary adenoma is opened. (E) Diagrammatic view of the arteries in the suprasellar area,
which can be stretched over the margin of a large tumor with suprasellar extension. All the components of the circle of Willis and their perforat-
ing branches can be stretched over the dome of these tumors. (F) Superolateral view of the left optic nerve, optic chiasm, and left optic tract
and the floor of the third ventricle. The optic tract extends backward from the optic chiasm, around the upper edge of the cerebral peduncle,
and above the posterior cerebral artery. The anterior cerebral arteries pass in front of the lamina terminalis and around the corpus callosum. (G)
Some of the anterior part of the left cerebral peduncle has been removed while the optic tract is preserved. The posterior cerebral artery and
terminal part of the posterior communicating artery can be seen through the interval between the floor of the third ventricle and the optic tract.
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Fig. 2.23 Relationships in the sellar and suprasellar areas. (A) Inferior view. The supraclinoid portion of the carotid artery is divided into three
segments based on the site of origin of its major branches; the ophthalmic segment extends from the origin of the ophthalmic artery to the
origin of the posterior communicating artery, the communicating segment extends from the origin of the posterior communicating artery to
the origin of the anterior choroidal artery, and the choroidal segment extends from the origin of the anterior choroidal artery to the bifurcation
of the carotid artery. The optic nerves are above the ophthalmic arteries. The optic chiasm and optic tracts are above the anterior and posterior
lobes of the pituitary gland. The tuber cinereum is anterior to the apex of the basilar artery. The posterior cerebral arteries pass around the
cerebral peduncles above the oculomotor nerves. The perforating branches arising from the ophthalmic segment pass to the anterior lobe,
optic nerve and chiasm, and the anterior part of the tuber cinereum. A single perforating branch arises from the communicating segment on
each side and passes upward to the optic tract and floor of the third ventricle. (B) The pituitary gland has been reflected backward to show the
superior hypophyseal arteries passing from the ophthalmic segments to the infundibulum. The anterior cerebral and anterior communicating
arteries pass above the optic chiasm. (C) Posterior view. The basilar artery and brainstem have been divided and the floor of the third ventricle
elevated to provide this posterior view of the arteries in the suprasellar area. The tuber cinereum and mamillary bodies are exposed between
the optic tracts. (D) The right half of the dorsum and the right posterior clinoid process have been removed to expose the anterior and posterior
lobes of the pituitary gland. The basilar, posterior cerebral, and superior cerebellar arteries have been elevated to expose the pituitary stalk and
floor of the third ventricle. The inferior hypophyseal and tentorial arteries arise from the carotid artery.
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arises predominantly from the carotid artery, the posterior
communicating artery is directed posterolaterally above or
lateral to the oculomotor nerve.

The anterior choroidal artery arises from the posterior
surface of the internal carotid artery above the origin of the
posterior communicating artery (Figs. 2.22 and 2.23). It is
directed posterolaterally below the optic tract between the
uncus and cerebral peduncle. It passes through the choroi-
dal fissure behind the uncus to supply the choroid plexus
in the temporal horn, sending branches into the optic tract
and posterior part of the third ventricular floor that reach
the optic radiations, globus pallidus, internal capsule, mid-
brain, and thalamus.

The anterior cerebral artery arises from the internal ca-
rotid artery below the anterior perforated substance and
courses anteromedially above the optic nerve and chiasm
to reach the interhemispheric fissure, where it is joined to
the opposite anterior cerebral artery by the anterior com-
municating artery (Figs. 2.22 and 2.23). The junction of
the anterior communicating artery with the right and left
A1l segments is usually above the chiasm rather than above
the optic nerves. The shorter A1 segments are stretched
tightly over the chiasm, and the larger ones pass anteri-
orly over the nerves. Visual loss caused by elevation of the
chiasm against these arteries may occur before visual loss
caused by direct compression of the tumor on the visual
pathways. The arteries with a more forward course are of-
ten tortuous and elongated, and some may course forward
and rest on the tuberculum sellae or planum sphenoidale.
The anterior cerebral and anterior communicating arter-
ies give rise to perforating branches that terminate in the
whole anterior wall of the third ventricle and reach the
adjacent parts of the hypothalamus, fornix, septum pellu-
cidum, and striatum. The recurrent branch of the anterior
cerebral artery, frequently encountered in the area, arises
from the anterior cerebral artery in the region of the an-
terior communicating artery, courses laterally above the
bifurcation of the internal carotid artery, and enters the
anterior perforated substance.

The bifurcation of the basilar artery into the posterior
cerebral arteries is located in the posterior part of the su-
prasellar area below the posterior half of the floor of the
third ventricle (Figs. 2.11, 2.22, and 2.23). A high basilar
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Radiologic Evaluation and Diagnosis for

Pathology in the Sellar and Parasellar

Region

Prashant Raghavan and Max Wintermark

The complex anatomy of the sella turcica and parasellar
skull base lends itself to the occurrence of a diverse array of
pathologic processes. Imaging plays a key role in the diag-
nosis and mapping of the anatomic extent of these lesions.
This chapter focuses primarily on the imaging of pituitary
glandular neoplasms and nonvascular parasellar processes
that are amenable to surgical or radiation treatment

¢ Imaging Strategies

Modern imaging of central skull base pathology is al-
most entirely performed with magnetic resonance im-
aging (MRI). Computed tomography (CT) may be useful
in conjunction with MRI when evaluation of the osseous
anatomy is of importance. CT is performed at our institu-
tion only when a contraindication to MRI exists. When
information about the integrity of the sellar floor or the
presence of intralesional calcification is desired, CT offers
excellent visualization of such detail.!

CT images acquired at a thickness of 0.625 mm after the
administration of intravenous (i.v.) contrast enable the
depiction of most macroadenomas; however, MR remains
superior to CT in characterizing lesional morphology and
establishing its extent.?

All MR examinations of the skull base at our institu-
tion are performed after the administration of i.v. contrast
unless there are contraindications to the use of gadolin-
ium-based agents, such as significant renal impairment
or pregnancy.’ It is possible, however, to detect microad-
enomas on unenhanced images, especially when narrow
window settings are used (Fig. 3.1). Such a strategy may
be useful in those situations in which contrast cannot be
administered. Most microadenomas are best revealed on
postcontrast images when thin (3-mm) coronal and sagit-
tal T1-weighted sections are employed. The addition of fat
saturation pulses and use of a volumetric spoiled gradient
(SPGR) acquisition may also be beneficial.* We have found
the latter sequence to be especially useful in a setting of
Cushing disease. When conventional contrast-enhanced
MRI fails to depict a microadenoma and clinical suspicion
is strong, a dynamic study with rapid acquisition of a set
of coronal T1-weighted images (T1WIs) after administra-
tion of a bolus of contrast may be helpful. Typical scanning

times for a set of such images through the sella on most
modern scanners are on the order of 10 to 12 seconds. On
such sequences, the gland is seen to exhibit a character-
istic pattern of centrifugal enhancement, with the stalk
and the site of its insertion enhancing first. Kucharczyk
et al,> using a dynamic keyhole MR technique, reported
an increased sensitivity for adenoma detection compared
with conventional MRI. Tabarin et al,® however, warn of
the false-positive interpretations that may occur with this
technique if the pattern of glandular enhancement is not
well understood.

Fig. 3.1 Normal MRI anatomy. (A) The isointense adenohypophy-
sis and the hyperintense neurohypophysis (long arrow and arrow-
head, respectively) are clearly identified on the sagittal unenhanced
T1-weighted image. The uniform enhancement and the smoothly
tapered appearance of the stalk are also evident. (B) Postcontrast
coronal TTWI SPGR image. Note the more heterogeneous enhance-
ment pattern in the latter. The convex superior contour of the gland
is normal in this 22-year-old female patient. The cavernous internal
carotid arteries (solid arrows) and the optic chiasm (arrowheads) are
seen.
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Other novel MR techniques that may be used to study the
pituitary gland include diffusion-weighted imaging (DWI)
and MR spectroscopy. Pierallini et al’ suggested that ad-
enomas may be classified into soft and hard groups based
on their apparent diffusion coefficient values obtained by
DWI. This information may be of surgical importance and
help determine if suction or fragmentation and curettage
are required for an adenoma to be removed. Stadlbauer et
al® in a study of 37 patients with pituitary adenomas con-
cluded that MR spectroscopy may provide insights that can
help predict proliferative potential and detect the presence
of intratumoral hemorrhage. These techniques, however,
are difficult to implement in routine practice and may be
limited by artifacts that arise from the osseous skull base
and air in the sinus cavities.

Heavily T2-weighted volumetric sequences are often
used in skull base imaging and provide exquisite depic
tion of cranial nerve anatomy. When radiosurgery is con-
sidered, MR scans at our institution are performed with
a contrast-enhanced volumetric T1-weighted sequence to
enable accurate registration. The addition of fat saturation,
we have observed, greatly increases target conspicuity. A
typical MRI protocol for the sella/skull base at our institu-
tion is presented in Table 3.1.

Inferior petrosal sinus sampling (IPSS) is performed
when noninvasive studies fail to depict an adenoma whose
presence is strongly suspected clinically. Complication
rates are less than 1% with this procedure. It is a sensitive
and specific test for accurately diagnosing Cushing disease
and differentiating it from ectopic ACTH (adrenocortico-
tropic hormone) syndrome.®

Table 3.1 Sella Protocol for 3.0-Tesla Magnetic Resonance Imaging
Precontrast

Sagittal TSE T1: 2 mm, 10% gap, 220 FOV. Minimum of 19 slices
to ensure adequate brainstem coverage.

Axial TSE T2: Whole-brain coverage, 5 mm thick, 30-40% gap.
R—L phase direction.

Coronal TSE T1: 2 mm, 10% gap, 160 FOV, perpendicular to floor
of sella, making adjustments as needed for a particularly large
lesion.

Postcontrast

Coronal TSE T1 dynamic: 350 TR, 7 slices, 2 mm, 210 FOV. Slices
should be centered just over the sella. Scan is 6 measurements,
21 seconds each.

Coronal T1 SPGR postcontrast: Match precontrast coronal T1
coverage: 1.2 mm, 0 gap, 160 FOV.

Coronal TSE T1 postcontrast: Match precontrast coronal T1
coverage: 2 mm, 160 FOV, making adjustments as needed for a
particularly large lesion.

Sagittal TSE T1 fat-saturated: Match coverage of precontrast
sagittal T1: 3 mm, 10% gap, 220 FOV. Note that a coronal satura-
tion pulse should be placed posteriorly over the sagittal sinus.
This will prevent pulsatile flow artifact from obscuring visualiza-
tion of the sella postcontrast.

Axial 3D FLASH T1: 1.2-1.4 mm thick (for stereotactic radiosur-
gery planning): Cover entire brain, extending slices above vertex
into air. Include ears, nose, and chin within FOV. Coronal recon-
structions of the whole brain (thickness of 5 mm at distance of
6.5 mm) are obtained from these images.

Abbreviations: 3D, three-dimensional; FLASH, fast low-angle shot; FOV, field
of view; SPGR, spoiled gradient; TR, repetition time; TSE, turbo spin echo.

¢ Imaging Anatomy

It is important to be aware of the age-dependent variabil-
ity in the contour and size of the pituitary gland when
MR examinations are interpreted. Elster’s rule that the
pituitary gland measures 6 mm in height in infants and
children, 8 mm in men and postmenopausal women, 10
mm in women of childbearing age, and 12 mm in pregnant
and postpartum women is useful to keep in mind.’® The
adenohypophysis is isointense to brain parenchyma on all
sequences, whereas the neurohypophysis demonstrates a
characteristic hyperintensity on T1-weighted imaging (Fig.
3.1). The neonatal adenohypophysis, possibly because of
lactotrope hyperplasia, can be hyperintense on TIWI. The
precise reason for the neurohypophyseal hyperintensity is
unknown, but it is possibly due to the presence of neuro-
physin, a vasopressin-associated carrier protein. Absence
of this bright spot may be seen with central diabetes in-
sipidus but is a normal finding in a small percentage of the
population. Any cause of stalk interruption may result in
the bright spot occupying an “ectopic” position proximally
in the stalk or in the hypothalamus.!' The normal pituitary
stalk does not exceed 4 mm in thickness and demonstrates
a smoothly tapered insertion into the gland. It enhances
fairly homogeneously.

The optic chiasm, which is isointense to white matter
on all sequences, is best evaluated on the coronal images.
The cavernous sinuses are visualized as paired parasellar
structures that enhance heterogeneously. Their lateral,
thicker dural walls are consistently seen, whereas depic-
tion of the more gracile medial wall is more problematic.
The cavernous internal carotid arteries are more easily vis-
ible as paired flow voids on spin-echo images and dem-
onstrate flow-related enhancement on SPGR images. The
cranial nerves in the lateral walls of the cavernous sinuses
are inconstantly seen. The demonstration of the cister-
nal segments of these nerves is easily achieved by using
volumetric, heavily T2-weighted sequences. The skull base
foramina in the middle cranial fossa are best seen on thin-
section CT, ideally when bone reconstruction algorithms
are used.

¢ Tumors
Pituitary Neoplasms
Adenomas

Close scrutiny of unenhanced coronal images may reveal the
presence of an adenoma, especially if narrow window set-
tings are used. The majority of microadenomas are isointense
to hypointense with respect to the remainder of the gland on
T1WI. The presence of T1 hyperintensity may indicate hem-
orrhage. The signal intensity on T2WI is more variable. No
definite characteristics exist that enable one to differentiate
between the different types of adenoma. It has been sug-
gested that adenomas producing ACTH, thyroid-stimulating
hormone (TSH), or follicle-stimulating hormone/luteinizing
hormone (FSH/LH) have a tendency to occur in the central
gland, whereas prolactinomas and gonadotropic hormone
(GH)-producing adenomas prefer the glandular periphery.
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Fig.3.2 Typical microadenoma. The coronal unenhanced T1WiI to the left reveals a subtle contour abnormality in the left half of the gland. On
the coronal T2WI in the middle, the adenoma is hyperintense. On the postcontrast coronal spin-echo T1WI, the adenoma enhances to a lesser
degree than the remainder of the gland.

It has also been proposed that densely granulated GH ad-
enomas have a propensity for infrasellar extension, possibly
owing to a tendency to thicken the diaphragma and cause
osteopenia of the sellar floor, and perhaps owing to a sella-
enlarging effect of growth hormone itself.!?

The presence of a microadenoma may be inferred on the
basis of a glandular contour deformity, focal remodeling of
the sellar floor, or stalk deviation. The latter is an overrated
sign and may be encountered in the normal population.
The stalk may even be deviated toward an adenoma.’® It
must also be remembered that a convex superior glandular
contour may be normal in women of reproductive age and
in the peripartum period.

Most microadenomas enhance to a lesser degree than
normal gland (Fig. 3.2). They are best identified on coronal
postcontrast TIWIs and SPGR images. The latter are often
useful in detecting small ACTH-producing adenomas* (Fig.
3.3), but one must be aware of the slightly higher false-
positive rate with this sequence because the gland tends to
enhance more inhomogeneously than with conventional
T1WI. Small foci of normal glandular inhomogeneity may
be misinterpreted as microadenomas. A dynamic tech-
nique as described above may be employed as a problem-

solving technique, but its routine use is unnecessary (Fig.
3.4). The overall sensitivity for MRI in the detection of ad-
enomas is in excess of 90%. False-positive results may arise
from artifacts (Fig. 3.10B), volume averaging with promi-
nent clinoid processes, or mistaking cysts for adenomas.
The site of insertion of the sphenoid sinus septum in the
sellar floor may produce a small susceptibility artifact that
can mimic a microadenoma.

The diagnosis of pituitary microadenomas is reliant on two
important findings—a determination that the lesion in question
arises from the gland and, when present, a smooth expansion
of the sella. Sellar expansion enables differentiation from other
aggressive processes—such as infection, inflammation, and ma-
lignancy—that either do not expand the sella or, when they do,
are associated with bone destruction. Macroadenomas demon-
strate a wide range of signal intensities on MRI. A high T2 signal
may indicate liquefactive change. T1 hyperintensity may indi-
cate the presence of hemorrhage. Apoplectic adenomas may
contain blood-fluid levels. Gradient-echo sequences are highly
sensitive to intratumoral hemorrhage. Blood products of any
age appear profoundly hypointense on such sequences. !4

Perhaps the most important task of the radiologist eval-
uating macroadenomas is to determine the presence of

Fig. 3.3 Dynamic MRI. Three images from a dynamic MR set obtained at the level of the infundibulum.The subtle focus of decreased enhance-
ment in the extreme periphery of the gland corresponded to a tiny microadenoma found at surgery. Note the centrifugal pattern of glandular
enhancement.
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cavernous sinus invasion (Fig. 3.5). The only reliable sign
of cavernous sinus invasion on MRI is the presence of tu-
mor on both sides of the cavernous and internal carotid
artery.'” The medial wall of the cavernous sinus is not well
seen on MRI. This wall may be displaced, or the tumor may
lie embedded within it or may have invaded through it.
None of these are confidently predicted with MRI except
when, as mentioned above, tumor is evident encasing the
internal carotid artery, a finding that is 100% specific for
invasion. Several authors have proposed numerous crite-
ria for cavernous sinus invasion, with varying degrees of
specificity and sensitivity. Of these, perhaps the most help-
ful are the presence of tumor beyond a line drawn tangen-
tial to the lateral walls of the supraclinoid and cavernous
internal carotid arteries and the presence of tumor in the
medial compartment of the cavernous sinus inferomedial
to the internal carotid artery, which have reported posi-
tive predictive values of 95% and 85%, respectively. If the
degree of circumferential encasement of the internal ca-
rotid artery was greater than 67%, invasion was found to
be certain, whereas if it was less than 25%, the negative
predictive value was 100%. It must, however, be noted that
constriction of the internal carotid artery is uncommon,

Fig. 3.4 Value of SPGR imaging. This ACTH-
producing microadenoma is nearly impercep-
tible on the postcontrast spin-echo T1WI (left).
It is readily evident on the postcontrast SPGR
image on the right (white arrow).

even with large macroadenomas, and is more likely to be
a feature of meningiomas in the cavernous sinus, although
exceptions to this certainly exist. The optic chiasm and its
relationship to the tumor are best seen on coronal images.
The presence of abnormal optic nerve T2 signal intensity
due to tumor compression has been shown to correlate
with the degree of visual acuity impairment.'s A case of
optic tract hemorrhage following pituitary apoplexy has
also been reported.”

Other Pituitary Tumors

Uncommon neoplasms of the pituitary gland include pi-
tuicytomas and granular cell tumors. These are usually
indistinguishable from macroadenomas, but a tendency
to affect the posterior gland and stalk (as a consequence
of which the bright spot may be ectopic) and intense en-
hancement may provide clues to the diagnosis. True as-
trocytomas may rarely arise from the pituitary gland.'s'?
Metastatic deposits may occasionally be seen in the gland,
usually from breast and lung primaries. About 1 to 5% of
patients with these cancers harbor pituitary metastatic

Fig. 3.5 Patterns of cavernous sinus invasion.
In the image to the left, the macroadenoma
encases the cavernous ICAs circumferentially,
a finding that unequivocally indicates cavern-
ous sinus invasion. The constriction of the
lumen of the left ICA (black arrow) is a highly
unusual finding and more often seen with me-
ningiomas. In the image to the left, a tongue of
tumor (white arrow) protrudes into the medial
venous compartment. Cavernous sinus inva-
sion was present at surgery.
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deposits. Symptomatic metastatic disease usually presents
with diabetes insipidus due to stalk involvement. Imaging,
however, cannot distinguish between metastases and ade-
nomas reliably.?’ Primary lymphoma of the pituitary gland
is exceedingly rare, and lymphoma is more likely to be seen
as a secondary phenomenon. The presence of low T2 signal
intensity due to the dense cellularity of lymphoma may in-
dicate the diagnosis.?' About 1.4% of patients with systemic
leukemia have pituitary involvement. Langerhans cell his-
tiocytosis involves the infundibulum in ~50% of cases. The
stalk thickening and enhancement seen in histiocytosis
are not specific for this entity. Similar findings may be seen
with sarcoidosis and tuberculosis (Fig. 3.9A). The diagno-
sis can, however, be made if lytic bone lesions and pineal,
white matter, choroid plexus, or dentate nucleus involve-
ment are simultaneously seen.

Cystic Sellar[Suprasellar Lesions

Craniopharyngiomas

Craniopharyngiomas present on imaging as complex su-
prasellar/sellar solid-cystic masses. The two histologic
subtypes—the papillary and adamantinomatous variet-

ies—may sometimes be distinguished on imaging. The ad-
amantinomatous subtype seen in children and younger
adults usually manifests as a mixed solid-cystic or mainly
cystic lobulated suprasellar/intrasellar tumor with large,
nonenhancing, T1-hyperintense cysts (Fig. 3.6). The papil-
lary variety is more likely to present in older individuals
as a solid enhancing tumor, although a mixed solid-cys-
tic pattern with T1-hypointense cysts may be seen.?> The
dense calcific component of these lesions is better defined
on CT scans. However, the true extent of these lesions, the
nature of the cystic contents, the presence of vascular en-
casement, and the status of the optic apparatus are all bet-
ter demonstrated on MRL

Rathke Cleft, Arachnoid, and Pars Intermedia Cysts

Rathke cleft cysts present as sellar/suprasellar discrete
nonenhancing lesions on MRI. The signal intensities of the
contents of these cysts are largely a function of protein
concentration. Cysts with watery content are T1-hypoin-
tense and T2-hyperintense on MRI. The T1 signal intensi-
ty increases as protein concentration increases, whereas
T2 signal intensity usually decreases. The presence of a
mural nodule representing inspissated desquamated de-

Fig. 3.6 Typical adamantinomatous
craniopharyngioma. (A) A mixed
solid cystic lesion containing T1 hy-
perintense fluid is seen on the sagit-
tal unenhanced T1WI (arrow). On the
coronal T2WI to the left, the cystic
component is hyperintense. The hy-
pointense foci inferior to the cyst is
dense calcification. (B) The cystic
component enhances peripherally.
The dense calcification is confirmed
on the CT image to the left (arrows).
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bris has been described as highly specific for these cysts?
(Fig. 3.7A). Rathke cleft cysts may coexist with adenomas.
Pars intermedia cysts are located between the adenohy-
pophysis and neurohypophysis and are often incidental
findings. They usually demonstrate T1 hypointensity and
T2 hyperintensity on MRI and do not enhance. Arachnoid
cysts of the suprasellar cistern arise from incomplete
perforation of the membrane of Liliequist. Unless hem-
orrhage has occurred, they demonstrate signal intensity
identical to that of cerebrospinal fluid (CSF) on all imag-
ing sequences.

Epidermoid and Dermoid Cysts

These developmental lesions may occur in the suprasellar
cistern or parasellar region and can be recognized based
on their characteristic MR signal intensities. Epidermoid
tumors are hyperintense on T2-weighted and FLAIR (fluid-
attenuated inversion recovery) images and demonstrate
characteristic hyperintensity on DWI. This latter finding
enables distinction from an arachnoid cyst (Fig. 3.7B).
Dermoid cysts, owing to their fat content, are hyperintense
on T1IWI and occur usually in the suprasellar cistern. Fat-

Fig. 3.7 Cystic lesions. (A) Rathke cleft cyst.
The discrete margins and the intracystic nodule
(arrow) are features typical of this entity. (B) Sel-
lar-suprasellar epidermoid demonstrating charac
teristic lack of enhancement on the sagittal T1WI
to the left and typical hyperintensity on the DWI
to the right.
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suppressed sequence, by eliminating this hyperintense sig-
nal, may be of value in the diagnosis. Rupture of a dermoid
cyst can result in chemical meningitis, best seen on unen-
hanced MRI as foci of high T1 signal intensity, representing
fat droplets in the subarachnoid spaces.?*

Meningiomas and Schwannomas

Approximately 10% of intracranial meningiomas occur in
the parasellar region. They arise from the dura overlying the
planum sphenoidale, diaphragma sellae, lesser and greater
sphenoid wings, cavernous sinus, and optic nerve sheaths.
They may extend into the sella and displace or engulf the
pituitary gland. They are best recognized on contrast-
enhanced MRI as intensely enhancing extra-axial masses
with a broad dural attachment, a dural tail, and a cleft
of CSF separating them from adjacent brain parenchyma
(Fig. 3.8A). Densely calcified meningiomas are markedly
hypointense on T2WI and may not enhance substantially.
When a significant intrasellar component is present, dif-
ferentiation from an adenoma can be made by the frequent
absence of sellar expansion in the former. When menin-
giomas involve the cavernous sinus and encircle the cav-
ernous internal carotid artery, they tend to constrict it, as
opposed to macroadenomas, in which constriction is not
usually a feature. Meningiomas confined to the cavernous
sinus may mimic schwannomas, most often of the trigemi-
nal nerve. Schwannomas usually enhance uniformly with
gadolinium but can demonstrate foci of cystic change or
hemorrhage. They often demonstrate a tubular shape, con-
forming to the nerve of origin (Fig. 3.8B).!"?> Occasionally,
perineural tumor spread from oropharyngeal or sinonasal
cancers may result in enhancing masses in the cavernous
sinus that mimic meningiomas or schwannomas.

Germ Cell Tumors

Approximately 20% of intracranial germ cell tumors occur
in the suprasellar cistern. They may arise as primary tu-
mors in these regions or may arise from leptomeningeal
metastatic dissemination from a pineal primary. A midline
enhancing solid suprasellar lesion in a young person, espe-
cially with a coexistent pineal lesion, is almost certainly a
germinoma (Fig. 3.9B). One must also be wary of the so-
called occult neurohypophyseal germinoma, a germ cell
tumor in a young patient with diabetes insipidus that may
be inapparent on initial imaging. A follow-up MRI may re-
veal its presence and is therefore warranted.?

Chordomas and Chondrosarcomas

These tumors arise from the clivus and petrous temporal
bones and may present as parasellar masses or secondarily
invade the sella. Chondrosarcomas have a tendency to be
centered at the petroclival fissure. CT is useful in demon-
strating the arcs and whorls of calcification that are typical
of chondroid tumors. On MR, they are significantly hyper-
intense on T2WI and tend to enhance variably. Chordomas
are more midline in location. The bone destruction and tu-

moral calcifications of chordomas are best seen on CT. On
MRI, heterogeneous signal intensity due to the presence
of hemorrhage, calcification, and proteinaceous material
is visible.?” On T2WI, these, like chondrosarcomas, are hy-
perintense. Distinguishing between these may be difficult,
but a more lateral location favors a chondrosarcoma (Fig.
3.8C,D).

¢ Infectious/Inflammatory Disorders of
the Pituitary Gland

Infection of the pituitary gland is a rare phenomenon. Bac-
terial pituitary abscess due to Gram-positive cocci may be
caused by hematogenous seeding, extension from sphenoid
sinusitis, cavernous sinus thrombophlebitis, or meningitis.
Prior transsphenoidal surgery, an underlying pituitary le-
sion, and an immunosuppressed state are known preex-
isting factors. The presence of a ring-enhancing lesion in
a setting of meningitis and sphenoid sinusitis, especially
when gas is present, must point to the diagnosis.?®

Lymphocytic adenohypophysitis (LAH), with or with-
out infundibular involvement (Fig. 3.9C), and lymphocytic
infundibuloneurohypophysitis (LIN) are autoimmune
diseases with distinct clinical presentations. LAH is seen
most often in the postpartum state and presents with pi-
tuitary insufficiency, whereas LIN presents as diabetes in-
sipidus. LAH manifests on MRI as diffuse enlargement and
enhancement of the gland with or without stalk thicken-
ing and enhancement. The latter, when present, enables
distinction from an adenoma. Also, the sella in LAH is of
normal size. Local meningeal enhancement and extension
into the cavernous sinus have been reported. LIN presents
as thickening and enhancement of the stalk and loss of the
normal posterior pituitary bright spot, findings that are
entirely nonspecific.?

¢ Miscellaneous Disorders of the Pituitary
Gland

Intracranial Hypotension

A prominent pituitary gland with a convex superior sur-
face has been described as an imaging finding in the syn-
drome of intracranial hypotension. This is known to occur
owing to venous hyperemia in an attempt to maintain
intracranial volume in compliance with the Monro-Kellie
hypothesis. This finding is often mistaken for an adenoma
or hyperplasia. The coexistence of tonsillar descent, an ef-
faced suprasellar cistern, and smooth dural enhancement
over the cerebral convexities with or without subdural ef-
fusions should point to the correct diagnosis®® (Fig. 3.10A).

Pituitary Apoplexy

Pituitary apoplexy may occur spontaneously or less com-
monly be associated with precipitating factors such as
bromocriptine therapy, recent surgery, pregnancy, gamma
knife radiation, or coagulopathy. On histopathology, hem-
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Fig. 3.8 Parasellar masses. (A) Typical para-
sellar meningioma. Note the dural tail (ar-
rowheads) and the constriction of the left
cavernous internal carotid artery (arrow). (B)
Trigeminal schwannoma. The mass is hyper-
intense on T2WI. Extension into the cisternal
segment of the trigeminal nerve (dashed
arrows) indicates the diagnosis. (C) Chon-
drosarcoma. These tumors are typically cen-
tered at the petroclival fissure. The CT scan to
the left shows the arcs and whorls of calcifi-
cation.The lesion enhances heterogeneously
(center) and demonstrates characteristic T2
hyperintensity. (D) Chordoma. The central
location within the clivus is typical. On the
unenhanced T1WI, the foci of hyperinten-
sity (arrow) correspond to hemorrhage or
proteinaceous material. The lesion enhances
inhomogeneously (left).
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Fig. 3.9 Pituitary stalk lesions. (A) Neurosarcoid. Note the thickening and enhancement of the stalk and hypothalamus. Nodular and linear
leptomeningeal enhancement (arrow) is evident. (B) Germ cell tumor. The gland and stalk demonstrate diffuse thickening and enhancement.
The lack of sellar expansion argues against a macroadenoma. The enhancement of the hypothalamus and in the supraoptic recess are worri-
some for an aggressive process (arrow). (C) Lymphocytic adenohypophysitis with stalk involvement. Again, note the lack of sellar expansion.

orrhage or hemorrhagic infarction is observed. The signal
intensity of an apoplectic adenoma depends on the de-
gree and duration of the hemorrhage. Adenomas that have
undergone infarction demonstrate only a thin rim of pe-
ripheral enhancement. An acutely infarcted adenoma may
appear hyperintense on DWI.. Predominantly hemorrhagic
adenomas demonstrate complex signal intensities. T1 hy-
perintensity due to the presence of methemoglobin and,
less commonly, a hematocrit effect with blood-fluid levels
may be seen (Fig. 3.11). As mentioned earlier, gradient-
echo imaging may be able to demonstrate subtle foci of
hemorrhage as areas of profound hypointensity.3'3? A pro-
foundly gradient- and T2-hypointense gland may also be
seen with hemochromatosis.

The “Empty” Sella

An “empty” sella is usually the consequence of a develop-
mental defect in the diaphragma sellae that has resulted in
the herniation of arachnoid and CSF into the sella. It may be

encountered incidentally but may also be a consequence of
chronically raised intracranial pressure, as in pseudotumor
cerebri. The presence of flat optic discs and distended optic
nerve sheaths in conjunction with an empty sella enables a
diagnosis of pseudotumor cerebri to be made in the appro-
priate clinical setting. In this setting, it has been observed
to reverse with treatment.>* An intrasellar arachnoid cyst
can mimic an empty sella but is more likely to deform the
pituitary stalk.

The Post-treatment Sella

The interpretation of CT or MR studies of the post-treat-
ment sella is often a challenging process. A postoperative
sella may contain any combination of residual/recurrent
tumor, fat packing, fluid, hemorrhage, Gelfoam, and native
gland. Fat packing, which tends to involute with time, is
easily recognizable as foci of T1 hyperintensity that disap-
pear on fat-suppressed imaging. Gelfoam is more variable
in appearance but most often contains a T1- and T2-hy-

Fig. 3.10 False-positive diagnoses of pitu-
itary disease. (A) The enlarged appearance
of the pituitary gland is secondary to intra-
cranial hypotension. The smooth enhance-
ment of the convexity dura (arrowheads)
clinches the diagnosis. (B) The small focus
of glandular hypoenhancement represents
a susceptibility artifact at the sphenoid sep-
tum insertion and must not be mistaken for
a microadenoma.
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pointense core. Methylmethacrylate can also be used to
pack the sella and is dark on all sequences. Following the
stalk to its insertion enables identification of the native
gland (Fig. 3.12). Residual/recurrent tumor and granula-
tion tissue may be indistinguishable. The only true sign of
tumor is its growth as observed on serial scans.!" MRI is
also useful to monitor complications arising from stereo-
tactic radiosurgery to the sella and parasellar regions, such
as temporal lobe necrosis and optic neuropathy.
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Of the many types of lesions that occur in the sella or para-
sellar region, a pituitary adenoma is the most common.
All lesions in this area require an endocrine evaluation to
determine if the lesion is a secretory pituitary adenoma
and if so what type of hormone is oversecreted. Also, even
if the lesion is not a pituitary adenoma, a comprehensive
endocrine evaluation will assess the pituitary function
and whether any hormonal replacement is required. An
ophthalmologic evaluation is indicated in patients with a
lesion approximating or compressing the optic apparatus
(optic nerves, optic chiasm). The neuro-ophthalmologic
evaluation is covered in Chapter 5.

The endocrine evaluation is accomplished with measure-
ment of the serum hormone levels and, for the situation of
possible Cushing disease, a 24-hour urine test for urine free
cortisol. Additional dynamic testing may be required in pa-
tients with possible Cushing disease or acromegaly—all of
which can be accomplished in the outpatient setting. The
important concept is that the pituitary and the adjacent
area comprise both an anatomic and a functional entity,
so that a combined evaluation of the anatomy and physi-
ology is required to determine the appropriate treatment
or treatments. Table 4.1 details the most common types
of sellar and parasellar lesions that should be considered
when each patient is reviewed.

4 C(Clinical Manifestations

A lesion in the sella often causes loss of pituitary function
and/or exertion of a mass effect. Depending on the location,
mass effect can cause loss of vision (eg, visual field defect,
decreased visual acuity), cranial nerve dysfunction (eg,
diplopia, ptosis), or headache. A lesion that causes acute
visual loss requires immediate evaluation and treatment.

Hormone Deficiency

Endocrine consequences of a pituitary lesion affect the re-
productive system most commonly.! Thus, men often have
symptoms of hypogonadism—decreased libido, erectile dys-
function, and infertility. Women of reproductive age may
develop irregular menses, amenorrhea, or infertility. Adoles-
cents may experience delayed or arrested puberty. Another

Medical Evaluation and Management

Table 4.1

Pituitary adenoma (secretory, nonfunctioning)

Types of Sellar and Parasellar Lesions

Craniopharyngioma
Rathke cleft cyst
Pilocytic astrocytoma
Germinoma
Metastatic carcinoma

Infiltrative disease (giant cell granuloma, sarcoidosis, lymphocytic
hypophysitis, lymphoma, plasmacytoma)

Meningioma

Chordoma

Chondrosarcoma

Infection (tuberculosis, mycosis)

Carotid-cavernous aneurysm

common pituitary deficiency is loss of growth hormone
(GH) secretion, resulting in fatigue in adults and arrested
or decreased growth velocity in children and adolescents.
The two most important hormones are cortisol and thyroid
hormone, both of which are necessary for life. Symptoms of
cortisol deficiency include fatigue, headache, weight loss,
diminished appetite, and in some patients hypotension and
syncope. Symptoms of thyroid hormone deficiency include
fatigue, cold intolerance, weight gain, constipation, difficul-
ty concentrating, and memory problems.

Deficiency of the posterior pituitary hormone vasopres-
sin causes polyuria (particularly nocturia), polydipsia, and
potentially volume depletion if the patient does not drink
an adequate amount of fluids. This condition is termed
diabetes insipidus (DI), which is rare in patients with a
pituitary adenoma; if there are symptoms, the possible
diagnoses are a craniophyaryngioma, lymphocytic hy-
pophysitis, sarcoidosis, or metastatic carcinoma.

Pituitary Hypersecretion

Excessive hormone secretion causes symptoms and signs
associated with overproduction of prolactin, growth hor-
mone (acromegaly), or adrenocorticotropic hormone
(ACTH; Cushing disease). A prolactin-producing adenoma
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is the most common type of secretory pituitary adenoma.
Clinical features in women of reproductive age with a pro-
lactinoma include irregular menses, amenorrhea, or infer-
tility; galactorrhea may or may not be present. Men with a
prolactinoma develop diminished libido, erectile dysfunc-
tion, and infertility; gynecomastia and galactorrhea may
also occur. Because many men and postmenopausal wom-
en seek medical attention late in the course of disease, vi-
sual loss may be the presenting feature.

Excessive GH secretion after puberty causes enlarge-
ment of the bones of the face, hands, and feet. Other clini-
cal features of acromegaly include sleep apnea, arthralgia
(particularly in the large joints), spinal stenosis, carpal
tunnel syndrome, diabetes mellitus, hypertension, colon
polyps, excessive sweating, oily skin, and in some patients
cardiomyopathy with heart failure. Excessive GH produc-
tion before puberty results in gigantism with excessive lin-
ear growth and the features described above that occur in
adults.

Features of Cushing disease, which is excessive cortisol
production stimulated by an ACTH-producing pituitary
adenoma, include weight gain, diabetes mellitus, hyper-
tension, osteoporosis, bone fractures, depression, and
memory loss.

The least common type of secretory pituitary adenoma
is the thyroid-stimulating hormone (TSH)-secreting tu-
mor, which causes clinical or subclinical hyperthyroidism
(weight loss, tachycardia, frequent bowel movements, and
anxiety).

& Endocrine Evaluation

Table 4.2 details the necessary hormone tests to evaluate a
pituitary or parasellar lesion.

Table 4.2 Endocrine Evaluation for Pituitary Hormone Deficiency
and Hormone Hypersecretion

Pituitary hormone deficiency

Morning serum cortisol, ACTH (ACTH and cortisol deficiency)
Serum free T,, TSH (TSH and thyroid hormone deficiency)
Serum LH, FSH, testosterone (men; gonadotropin deficiency)
Serum LH, FSH, estradiol (women of reproductive age)

Serum IGF-1 (growth hormone deficiency)

Pituitary hormone hypersecretion

Serum prolactin (prolactinoma)

Serum IGF-1; oral glucose test (acromegaly)

24-Hour urine free cortisol, serum ACTH (Cushing disease)
Serum TSH, free T, (TSH-secreting adenoma)

Serum o subunit (tumor marker)

Serum LH, FSH (tumor marker)

Abbreviations: ACTH, adrenocorticotropic hormone; FSH, follicle-stimulating

hormone; IGF-1, insulin-like growth factor 1; LH, luteinizing hormone; T,
thyroxine; TSH, thyroid-stimulating hormone.

Hormone Deficiency

The most important issue is to determine if the patient
has secondary adrenal insufficiency and/or secondary
hypothyroidism because these hormones are necessary
for essential life functions. Low morning serum cortisol
and ACTH levels may be adequate to diagnose secondary
adrenal insufficiency. If there is doubt, a stimulation test
such as an ACTH stimulation test or insulin-induced hy-
poglycemia is indicated. The insulin hypoglycemia test
is the most rigorous and reliable study; this test is also
the most accurate for diagnosing GH deficiency. How-
ever, the insulin hypoglycemia test must be monitored
by a physician and is contraindicated in patients with
coronary artery disease, a seizure disorder, or general
debility.

For thyroid hormone deficiency, both the serum free
thyroxine (free T,) and TSH levels should be measured.
A low serum free T, is the most reliable test. Patients
with pituitary disease may have a “normal” serum TSH
in the setting of a low free T, level. DI is primarily a clini-
cal diagnosis (polyuria, polydipsia, excessive thirst, and
in particular frequent nocturia—ie, urination every 30-60
minutes during the night). Serum sodium and serum os-
molality are normal if the patient has intact thirst sensa-
tion and no restriction of fluid intake; serum osmolality
may be normal, but the urine specific gravity should be
low. Gonadotropin deficiency in men is diagnosed by
clinical symptoms and by measuring the serum testoster-
one and luteinizing hormone (LH). In gonadotropin de-
ficiency, the serum testosterone level will be low in the
setting of a “normal” serum LH (not normal for low tes-
tosterone). In women of reproductive age, irregular men-
ses, amenorrhea, and infertility are the best indicators
of gonadal dysfunction. Serum estradiol may be low or
“normal” depending on the stage of the menstrual cycle,
and serum LH is usually in the “normal” range, but lack of
regular menses or ovulation indicates gonadal dysfunc-
tion. GH deficiency is diagnosed by either a low serum
insulin-like growth factor 1 (IGF-1) level in the setting of
several pituitary hormone deficiencies or by a subnormal
GH response to a stimulation test (eg, insulin-induced hy-
poglycemia or arginine infusion).

Pituitary Hypersecretion

Serum prolactin should be measured to determine if a
pituitary lesion is a prolactinoma, because medical ther-
apy with a dopamine agonist is the first line of treatment
for a prolactinoma. The prolactin level must be corre-
lated with the size of the pituitary or parasellar lesion.
Any lesion in this region may cause a mild elevation of
serum prolactin (interference with the prolactin inhibi-
tor hormone, dopamine, through the pituitary stalk). As
a general rule, in the setting of a macroadenoma (>10
mm), the serum prolactin level should be greater than
200 ng/mL for a true prolactinoma. This assessment is
necessary to determine the course of treatment—medi-
cal therapy or surgery. One caution: In the setting of an
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elevated serum prolactin level (>200ng/mL), the serum
specimen must be diluted to obtain an accurate value
(prolactin >200 ng/mL is not sufficient), and the physi-
cian must request that the laboratory perform the neces-
sary dilutions to obtain the actual value. A value of >200
ng/mL may be 2000 or 20,000 or greater. To assess the
response to medical therapy, an accurate baseline prolac-
tin value is also required.

Acromegaly is diagnosed by clinical features, an elevated
serum IGF-1 level, and a serum GH level that does not de-
cline to <1 ng/mL after oral glucose (75 or 100 g). There
are important considerations about these tests. Although
the IGF-1 assay is reliable and reproducible, over the past
2 years there have been false elevations of IGF-1 related
to the database for the range of normal according to age.
This problem is being addressed but has not yet been fully
resolved. The definitive test for acromegaly is the GH re-
sponse to an oral glucose challenge (oral glucose tolerance
test, or OGTT). The test must be performed correctly to
interpret the results. Baseline serum glucose and GH are
measured, the patient drinks a glucose solution (75 or
100 g), and the serum glucose and GH levels are measured
every 30 minutes for 2 hours. The current guideline for a
normal response is a serum GH level of <1 ng/mL. Some
patients with acromegaly may have a paradoxical increase
in GH.2

Cushing disease is diagnosed by demonstrating a con-
sistent overproduction of cortisol in the setting of de-
tectable or elevated serum ACTH. Cushing disease is the
most problematic of all pituitary adenoma diagnoses for
several reasons, including overlap of the clinical features
with those of other disorders (polycystic ovarian syn-
drome, obesity, depression) and the variable sensitivity
and specificity of tests. Consistent overproduction of cor-
tisol is demonstrated by three types of screening tests:
elevated 24-hour urine free cortisol (preferably measured
by tandem mass spectrometry), loss of circadian rhythm
with elevated nighttime salivary cortisol levels, and fail-
ure of the serum cortisol to decline to <1.8 pg/dL at 8 am
after ingestion of dexamethasone at 11 pv the previous
night.?> These three types of screening tests are ~92% ac-
curate; thus, repeated tests may be necessary to establish
the diagnosis. Serum ACTH may be in the normal range or
elevated. The traditional high-dose dexamethasone sup-
pression test (8 mg overnight or 2 mg every 6 hours for 48
hours) was developed to distinguish between pituitary-
dependent or ectopic ACTH syndrome. Unfortunately,
these tests are not sufficiently sensitive or specific to ex-
clude ectopic ACTH production by a tumor in the lung,
pancreas, or thyroid gland. Because ~50% of patients with
a pituitary adenoma causing Cushing disease have no vis-
ible lesion on magnetic resonance imaging (MRI) with a
pituitary protocol and because 10% of adults with normal
pituitary function have a visible lesion in the pituitary
gland (“incidentaloma”), an MRI study is not sufficient
to recommend pituitary surgery. The inferior petrosal
sinus sampling (IPSS) study is the most precise method
to determine if the source of ACTH is the pituitary gland
and to exclude ectopic ACTH syndrome. This test involves
comparing the central (petrosal sinus, left and right) and

peripheral (inferior vena cava) ACTH levels before and af-
ter the administration of corticotropin-releasing hormone
(CRH). A ratio of the basal central to the peripheral ACTH
level of >2 or a CRH-stimulated ratio of >3 indicates a pi-
tuitary etiology. This invasive study should be performed
only by an experienced interventional radiologist or neu-
roradiologist; cannulation of the inferior petrosal sinuses
requires appropriate experience and expertise. This study
is not without risk, including thrombosis and stroke, em-
phasizing the requirement that it be performed by an ex-
perienced radiologist.

An uncommon type of secretory adenoma produces ex-
cessive o subunit, which causes no specific clinical features
but often causes hypogonadism. Measurement of serum o
subunit serves as a tumor marker before and after surgi-
cal removal of the adenoma. Although many pituitary ad-
enomas are gonadotrope tumors by immunohistochemical
criteria, they rarely secrete excessive amounts of LH or
follicle-stimulating hormone (FSH). Measurement of the
serum LH and FSH serves as a tumor marker in the event
the tumor produces an excessive amount of one or both
hormones.

¢ Consequences of Endocrine Evaluation

A diagnosis of hormone deficiency and/or hormone hy-
persecretion directs treatments. As noted, a prolactin-
producing adenoma is treated medically with a dopamine
agonist drug. Other types of lesions are most commonly
treated by resection, radiosurgery, radiation therapy, and
even chemotherapy.

Replacement of cortisol and/or thyroid hormone is nec-
essary before a therapeutic intervention. After surgery or
another treatment, patients should be re-evaluated for
pituitary hormone deficiency. In the case of patients with
acromegaly or Cushing disease, serum GH and/or corti-
sol immediately after surgery is a helpful indicator of the
outcome of the operation. Periodic and comprehensive
re-evaluations of the endocrine status of patients should
be performed to detect for tumor recurrence in the case
of secretory pituitary adenomas. In addition, extended
endocrine follow-up should be performed to detect hy-
popituitarism, which can arise months to years after in-
tervention.* Delayed hypopituitarism has been observed
following radiosurgery and radiation therapy for sellar and
parasellar disease.?

4 Conclusion

All lesions in the sellar or parasellar region require an en-
docrine evaluation in conjunction with ophthalmologic
and surgical evaluations. A multidisciplinary approach is
required for the diagnosis and treatment of lesions in this
area, which is an anatomic and functional entity. Lon-
gitudinal endocrine follow-up is also required to detect
and correct any endocrine abnormalities associated with
intracranial disease or arising as an unintended effect of
treatment.
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Ophthalmologic Evaluation and

Management

Steven A. Newman

¢ Core Messages

Visual signs and symptoms are extremely frequent mani-
festations of disease affecting the sellar and parasellar
region. Medical treatment, radiation therapy, radiosur-
gery, and surgical intervention in and around the parasel-
lar region may affect afferent or efferent visual function,
producing problems with decreased vision, visual field de-
fects, and double vision. Ophthalmic management of pa-
tients with skull base pathology involving the sellar region
prioritizes protecting the afferent visual pathways. Reha-
bilitation techniques focus on patients with acuity and vi-
sual field loss, as well as double vision and ptosis.

Patients with ocular malalignment related to either
direct orbital involvement or involvement of the ocular
motor nerves can be treated with short-term therapy, in-
cluding occlusion, botulinum toxin injection, and prisms.
Long-term management includes strabismus surgery de-
signed to maximize the field of binocular single vision.

Sensory loss to the anterior segment can compromise
corneal function and needs to be addressed with appro-
priate intervention to open and close the lids, provide ad-
equate tear production and corneal wetting, and deal with
the potential loss of neurotrophic factors secondary to cor-
neal denervation leading to corneal epithelial breakdown.

¢ Introduction

The sellar region represents not only the center of the
skull base but also the primary ophthalmologic conjunc-
tion. Both the afferent visual pathways, represented by the
two optic nerves, chiasm, and optic tract, and the effer-
ent visual pathways, including the third, fourth, and sixth
cranial nerves, course either above or lateral to the sella.
It is thus not surprising that pathology affecting the sel-
lar and parasellar region often presents with ophthalmic
manifestations,'-'*> and any intervention, be it medical, sur-
gical, or radiologic, can produce its own set of ophthalmic
complications'#1

From an ophthalmic point of view, it is important to
recognize the visual system in three parts. The afferent
system can be thought of as a mapping function, taking

the outside world into our consciousness. To perform this
function adequately, the anterior segment of the eye needs
to refract (bend and focus) light onto the photosensitive
retina, which then converts the electromagnetic radiation
into a series of impulses. These impulse signals are con-
ducted via the optic nerves and visual pathways back to
the cortex, where interpretation takes place. Interruption
anywhere along these pathways can result in symptoms of
afferent system dysfunction, including decreased vision,
blurred vision, and visual field defects.

The efferent system, responsible for coordinating ocular
motility, provides globe movement through the final com-
mon pathways of the six extraocular muscles. These are
innervated by the third, fourth, and sixth cranial nerves,
which travel through the cavernous sinus lateral to the wall
of the body of the sphenoid and enter the orbit through
the superior orbital fissure. Involvement of these cranial
nerves can result in loss of ocular motility, manifested as
double vision, blurred vision, or a sensation of spontane-
ous ocular motility.

Finally, the globe is supported by the orbital tissues mak-
ing up the adnexal structures. These include the eyelids,
responsible for maintaining and distributing an adequate
tear film over the cornea, which forms the first part of the
refracting surface of the eye. Adnexal tissues also include
the lacrimal glands, the accessory lacrimal glands, and the
structures responsible for opening and closing the eyes.
Any involvement of the innervation of these structures
can also result in various ophthalmic symptoms, including
pain, numbness, loss of vision, problems with acuity, and
double vision. Direct involvement of the orbital structures
due to invasion of the orbit, either through the fissures and
foramina connecting the intracranial cavities to the orbit
or through the bone itself, can result in restricted motility,
often producing double vision, proptosis (ie, prominence
of the globe), and problems with anterior segment func
tion. Thus, pathology affecting the sellar and parasellar re-
gion frequently results in multiple ophthalmic symptoms
and signs.'¢

The autonomic nervous system has both afferent and
efferent system effects. Sympathetic and parasympathetic
innervation to the pupil controls the amount of light reach-
ing the retina, and the parasympathetic innervation to the
ciliary body is responsible for accommodation (ie, the abil-
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ity to see close up). Sympathetic innervation to Miiller’s
muscle helps lift the lid up, and parasympathetic supply
to the lacrimal gland controls tear formation and, thus, the
anterior refracting surface of the eye.

¢ History

The history of visual symptoms often provides a clue to
the presence of parasellar lesions and directs decisions
regarding imaging. The most common ophthalmic mani-
festation of pathology affecting the suprasellar region is
visual loss. Compression or secondary ischemic involve-
ment of the optic nerve, chiasm, or optic tracts often
produces decreased vision or less commonly appreciated
visual field defects.'*'” The most important question is
whether this is in one eye or both eyes. Loss of vision re-
stricted to one eye implies globe, retina, or optic nerve
pathology. If both eyes are involved, there still may be
bilateral globe, retina, or optic nerve pathology, but chi-
asmal or retrochiasmal lesions are also in the differential
diagnosis. The next question is that of the onset. Answers
should include whether the visual loss is diffuse, central,
or off to one side, and whether it is constant or intermit-
tent. If variable, one needs to inquire as to what can make
it better or worse, and whether it is progressive—either
acutely, stepwise, or slowly. Any other associated neu-
rologic or systemic complaints should also be sought.
Patients should always be asked about a prior history
of vascular disease (hypertension, diabetes, hypercho-
lesterolemia, angina, myocardial infarct, irregular heart
beat, cardiac valvular disease, or a documented stroke);
inflammatory disease (demyelinating disease, infections
including zoster, autoimmune conditions); cancer; or mi-
graine. The patient’s occupation may give a clue to ex-
posure to toxins and agents that can affect pupil size or
motility, as may a travel history. It is helpful if the patient
has had prior imaging studies. History often supplies
clues to “where” the pathology is, which in turn alters the
differential diagnosis.

As with all complaints, rule No. 1 is essential: “Get the old
records.” Often, patients with complaints of visual loss will
be found to have previous compromise of the visual path-
ways, manifested by records documenting decreased vi-
sion. Attention should be directed to identifying any source
of prior ophthalmic evaluation, including the records of
previous ophthalmologists and optometrists, or even the
results of visual screening, such as for the Department of
Motor Vehicles or military. Previous refractive correction
needs to be identified, including the potential problems of
nearsightedness, farsightedness, and astigmatism. If the pa-
tient wears glasses or contact lenses, these should be avail-
able and all testing done with them in place.

Bitemporal visual field defects are often unnoticed,'® and
homonymous defects are often identified incorrectly as
loss of vision in the ipsilateral eye. Patients may describe
objects “disappearing” off to one side while they are read-
ing. It is important to identify which parts of words seem
to be disappearing as a clue to a visual field defect.

It would be unusual for parasellar pathology to present
with positive visual phenomena. Positive visual phenome-

na, often described as zigzag lines, lights, colors, a kaleido-
scope, cracked glass, or broken images, are most commonly
seen with migraine. They can uncommonly be seen with
cortical pathology. Rare types of formed visual hallucina-
tions usually occur with occipital involvement, but deaf-
ferentation anywhere along the visual pathways, including
the optic nerve, chiasm, and tract, may result in release
phenomena as known as the Charles Bonnet syndrome.

Distortion of vision (seeing lines as bent, warped, bro-
ken, or missing, or seeing objects as too large or too small)
may represent cortical pathology but is usually due to pa-
thology affecting the retina, more specifically the macula.
This can be seen with parasellar lesions that extend to in-
volve the orbit but would be uncommon.

Additional uncommon manifestations of pathology af-
fecting the afferent system are visual obscurations.'” These
are brief, usually bilateral loss of vision, often associated
with change in position. This is typical in patients with
disc edema, and it may be seen with parasellar lesions that
cause increased intracranial pressure. Transient visual loss
associated with exercise may represent long-standing in-
flammation involving the optic nerves (Uhthoff phenom-
ena?®). Monocular loss of vision lasting minutes may also
occur with thromboembolic phenomena (amaurosis fugax,
usually related to carotid disease), or dimming or darken-
ing of vision with ocular hypoperfusion (ocular ischemic
syndrome or arteritis, particularly in the elderly). Less
common symptoms include darkening of vision associ-
ated with exposure to bright lights. This can sometimes be
seen in patients with carotid compromise, potentially with
parasellar lesions. Less commonly, transient loss of vision
may be due to ocular disease (angle closure, hyphema, dry
eye) and very rarely to orbital disease (gaze-evoked amau-
rosis secondary to an orbital tumor).

The second most common ophthalmic complaint asso-
ciated with parasellar pathology is double vision.?' This
should first be characterized as monocular or binocular,
with the examiner specifically questioning whether it
disappears when either eye is covered. Failure to resolve
when either eye is covered indicates a monocular problem.
Although this may occur as a cortical phenomenon (pal-
inopsia), it usually represents ghost images secondary to
high astigmatism due to corneal warping, surface pathol-
ogy, or cataract.

Double vision that resolves by covering either eye is usu-
ally due to ocular malalignment. Attention should be di-
rected to whether or not the double vision increases with
gaze in one particular direction, specifically looking to the
right or to the left, and in the four corners (up right, down
right, down left, and up left). Although the natural pre-
sumption in the case of incomitant deviations (deviations
that change with direction of gaze) is that they are due to
a cranial nerve palsy,?*-? it is important to recognize that
alternative causes of paretic malalignment include neuro-
muscular transmission deficits (myasthenia gravis), and
internuclear connection problems (brainstem) causing a
skew deviation or internuclear ophthalmoplegia. Supra-
nuclear palsies due to cortical or corticobulbar pathway
pathology may limit motility but usually do not produce
malalignment or diplopia. Limitations secondary to su-
pranuclear processes may be overcome with infranuclear
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stimulation (vestibular stimulation or irrigation of the ear
[calorics]).

In addition to paretic causes, incomitant ocular ma-
lalignment producing diplopia may also be due to restric-
tion of the extraocular muscles. This requires involvement
of the extraocular muscles themselves within the orbit
and is most commonly seen in patients with thyroid or-
bitopathy. It can also be seen following trauma, with or-
bital inflammation, and with tumors that either extend to
involve the extraocular muscles or are metastatic to the
extraocular muscles or orbital tissues (particularly breast
cancer). Restrictive phenomena should be suspected when
there is history of orbital asymmetry, including proptosis,
enophthalmos, exophthalmos, lid position abnormalities,
prominent episcleral vessels, and a rushing sound in the
patient’s head.

Patients should be asked whether the double vision is
side to side or if there is a vertical component. If the diplo-
pia is strictly horizontal, then the problem must ultimately
involve the two medial and lateral rectus muscles or their
innervation. If there is a vertical component (indicating in-
volvement of the vertical muscles [both obliques and the
inferior and superior rectil), it needs to be addressed first.
Patients should also be asked whether the double vision is
worse at near or distance.

Not all patients with ocular malalignment will experi-
ence double vision. This may be the case if there is a histo-
ry of strabismus or poor vision in one eye. Similarly, subtle
abnormalities in ocular alignment, often due to mild cra-
nial nerve palsies, may not be appreciated as double vision,
but rather as “blurred” vision when the patient looks in
the direction of the weakened muscle. Patients will also
often adopt head posturing, including head turns or tilts,
to avoid the blurred or double vision. Old records should
be sought for a previous history of strabismus, including
records of eye muscle surgery and problems with ocular
alignment in childhood. Congenital cranial nerve palsies
may decompensate, producing the onset of double vision
later in life. Clues to this may be provided by old photo-
graphs showing long-standing head posturing (particular-
ly useful in the setting of a congenital fourth nerve palsy or
Duane syndrome).

Other, less common symptoms of efferent pathology in-
clude oscillopsia (a sensation of the world jumping), ver-
tigo (a sensation of the world rotating), and tilt symptoms
(a sensation of the world tilted, most commonly seen in
Wallenberg lateral medullary plate syndrome owing to in-
farction of the posterior inferior cerebellar artery). These
are usually due to pathology affecting the brainstem cen-
ters of stability and would thus be very uncommon with
parasellar lesions.

Adnexal involvement can be sought with a history of
numbness or pain. Pain in and around the eyes unasso-
ciated with numbness is often unrevealing. A history of
numbness, however, almost always indicates significant
pathology. Prominence of the globe or fullness within the
orbit may indicate intraorbital pathology, potentially ex-
tending from the parasellar region. A history of lid position
abnormalities, including lid retraction or ptosis, may be a
clue to pathology affecting the oculomotor nerve or the or-
bital tissues themselves.

4 Anatomy
Afferent System

Afferent information is carried via the optic nerves, which
consist of approximately 1.2 million axons of the ganglion
cells located within the inner retina. Because the fovea is lo-
cated nasal to the disc, fibers from the temporal portion of
the retina arc around the macula, separating fibers that are
just above the temporal horizontal midline from those just
below. This anatomic separation occurs within the retina
and at the disc and is maintained throughout the optic nerve.
Thus, any pathology that affects the optic nerve tends to pro-
duce visual field defects that are either a little bit above or a
little bit below the nasal horizontal midline on visual field
testing (as we see things opposite to their anatomy). This is
the anatomic origin of the arcuate visual field defects that we
see with any pathology affecting the optic nerve.

The fovea, which is the most sensitive portion of the
retina, has the highest spatial resolution based on its rela-
tively high (1:1 or 1:2) ganglion-to-receptor cell ratio, (in
the peripheral retina, the ratio may be as low as 1:1000).
In addition, the fovea, or the center of the macula, is devoid
of rods and has the highest concentration of cones, respon-
sible for color vision. Thus, color abnormalities are a com-
mon concomitant of the dysfunction of the relatively small
macular fibers, which can be compromised with compres-
sive lesions.?® Color vision may be affected relatively early
in patients with mild compression of the optic nerve. In-
volvement of the small fibers, which are particularly sen-
sitive to compression, may also result in relative central
scotomas. The optic nerve is approximately 1.5 mm in di-
ameter as it exits the globe, extends less than a millimeter
through the sclera, then becomes myelinated, increasing in
size to approximately 3 mm. It is surrounded by the op-
tic nerve sheath and the trabecular arachnoid, which al-
lows cerebrospinal fluid (CSF) up to the back of the eye.
This access of CSF to the back of the globe is responsible
for the potential development of disc edema secondary to
increased intracranial pressure.

There is redundancy in the optic nerve within the or-
bit, which permits the eye to move, but can be restricted
if substantial proptosis ensues owing to invasion of the
orbit. The central retinal artery and vein run within the
optic nerve in the 8 to 10 mm just behind the globe, but
outside the optic nerve posterior to this region, where the
optic nerve is supplied by small branches from the optic
nerve sheath. Extension of a meningioma along the optic
nerve sheath can compromise the vascular supply to the
optic nerve posteriorly. It also can compromise the venous
outflow, resulting in the development of collaterals to the
choroid circulation (optociliary shunt vessels)?” (Fig. 5.1).

The optic canal measures 6 to 8 mm in length and ex-
tends superiorly and medially; it is bordered temporally
by the optic strut, which separates it from the superior
orbital fissure, and nasally by the sphenoid sinus. In ap-
proximately 8% of cases, there is bone dehiscence, so that
the optic nerve actually may have no bony protection from
pathology (or surgical exploration) within the sphenoid
sinus. The exit of the optic canal takes place under a fold
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Fig. 5.1 Photo of the right fundus (A) of a
54-year-old woman who presented with a
7-year history of progressively decreased vision
in the right eye. When evaluated, she had no
light perception in the right eye and 9 mm of
proptosis (B). MRI reveals evidence of a skull
base meningioma involving the tuberculum (C)
and invading the orbit (D), producing the op-
tociliary shunt vessels indicated in the fundus
(A). Comment: Optociliary shunt vessels are
pathophysiologically associated with compro-
mise of the central retinal venous outflow. They
are most commonly seen with central retinal
vein occlusion but when associated with optic
atrophy may be due to an optic nerve sheath
meningioma or a parasellar meningioma invad-
ing the orbit.
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of dura, the falciform ligament. Pathology that elevates
the optic nerve can thus compress the superior portion of
the nerve, resulting in an inferior visual field defect. The
intracranial portion of the optic nerve (uncovered by any
dural sheath) is usually approximately 10 mm. The chiasm
is variably placed, so that in the case of a preplaced chi-
asm, there may be a much shorter distance from the exit
of the canal to the beginning of the chiasm. Similarly, in
a relatively postplaced chiasm, the intracranial portion of
the optic nerve may be longer, such that the chiasm actu-
ally rests posterior to as well as superior to the sella. This
variability is responsible for the spectrum of clinical mani-
festations seen in suprasellar tumor involvement. In the
setting of a relatively postplaced chiasm, tumors or other
mass lesions of the parasellar region often involve the optic
nerve, producing central scotomas and arcuate visual field
defects (Fig. 5.2). In the setting of a preplaced chiasm, tu-
mors that arise from the sella can compress the optic tract,
producing homonymous visual field defects.!”

The optic nerves meet and create the chiasm, which
lies variably above the level of the sella. Because more of
the pupillary fibers in the anterior visual pathways cross
than do not cross, pathology affecting the optic tract may
produce a contralateral afferent pupillary defect?® (Fig.
5.3). Damage to the tract may have a second distinguish-
ing characteristic (not seen in cortical or optic radiation
pathology) because retrograde degeneration will result in
band (or bowtie) atrophy in the contralateral optic nerve
head. It should be noted that this takes weeks to months to
occur and will not be seen in the setting of an acute tract
lesion, whereas the contralateral afferent pupillary defect
develops immediately.

The chiasm is usually inclined at about a 45-degree
angle, so that pathology arising from the sella most fre-
quently affects the anterior and inferior aspects of the chi-
asm, first producing the characteristic superior bitemporal
visual field defects seen in most patients with suprasellar
pathology?**° (Fig. 5.4). The macular fibers tend to cross
more posteriorly within the chiasm, and involvement of
the posterior chiasm or the anterior third ventricle can re-
sult in relatively bitemporal scotomatous defects or bitem-
poral inferior field defects (Fig. 5.5).

Recent studies have suggested that the looping of the
crossing fibers into the contralateral optic nerve, described
in earlier anatomy texts, is an artifact of the patients who
were in the original studies (following enucleation or loss
of an eye).>' Even though the so-called Wilbrand knee* is
probably an artifact, pathology that affects the optic nerve
just anterior to the chiasm often produces a central sco-
toma with a relative temporal defect in the opposite eye.
This, therefore, remains a useful localizing sign. Rarely,
a lesion may compress the optic nerve without touching
the anterior chiasm. This can produce a unilateral tempo-
ral field defect, referred to as the junctional syndrome of
Traquair.> Involvement of the posterior aspect of the chi-
asm is potentially seen with craniopharyngiomas or other
pathology affecting the pituitary stalk, including sarcoid,
histiocytosis, and germinomas. Even with posterior chi-
asmal compression, however, the majority of lesions are
pituitary tumors because these are simply much more
common.

Efferent System

The efferent visual pathways originate within the horizontal
and vertical gaze centers, located within the pons and mid-
brain, respectively. The horizontal gaze center itself is actually
within the abducens nerve nucleus, although the burst cells,
which are within the paramedian pontine reticular forma-
tion, generate horizontal saccades. Pathologic involvement of
the horizontal gaze center results in absence of gaze to that
side. The opposite eye can still adduct owing to convergent
triggering of the medial rectus in the area of the midbrain.

The vertical gaze centers are located within the dorsal
rostral midbrain tegmentum. A set of three nuclei (the ros-
tral interstitial nucleus of the medial longitudinal fascicu-
lus [MLF], the interstitial nucleus of Cajal, and the nucleus
of Darkschewitsch) are responsible for coordinating verti-
cal gaze movements. Compression of the dorsal portion of
the midbrain,> such as is seen with extension of lesions
of the pineal gland, can result in a classic dorsal midbrain
syndrome, with absent up gaze, retraction convergence
nystagmus, Collier’s sign of lid retraction, and light near
dissociation due to involvement of the pupillary crossing
fibers in the posterior commissure.?> Seesaw nystagmus is
a rare finding in patients with parasellar lesions that ex-
tend to compress the midbrain.?® In this, one eye will el-
evate and intort, while the other eye depresses and extorts.
This pattern then reverses.

Signals from the horizontal and vertical gaze centers
travel to the extraocular muscles via the third (oculo-
motor), fourth (trochlear), and sixth (abducens) cranial
nerves. The sixth nerve exits the pontine brainstem to run
in the subarachnoid space up the clivus. It pierces the dura
and enters Dorello’s canal underneath the petroclinoid
ligament (in conjunction with the inferior petrosal sinus),
entering into the body of the cavernous sinus, where it
crosses next to the carotid artery. The sympathetic fibers
in the wall of the carotid artery leave the carotid within
the cavernous sinus in conjunction with the sixth nerve
to run more anteriorly before entering the superior orbital
fissure along with branches of the first division of the fifth
cranial nerve (nasociliary branch).>” The sixth nerve enters
through the superior orbital fissure within the annulus of
Zinn to innervate the lateral rectus muscle approximately
one-third of the way anteriorly along its medial surface.

The fourth, or trochlear, nerve nucleus is located just
caudal to the third nerve nuclear complex within the
tegmentum of the midbrain. Its branches run dorsally to
cross in the superior medullary velum. It is the only cranial
nerve that exits the brain dorsally and has the longest un-
protected course in the subarachnoid space. It runs around
the midbrain and travels along the edge of the tentorium
anteriorly to enter the lateral wall of the cavernous sinus
between the third nerve above it and the first division
of the fifth nerve below it. The fourth nerve can be eas-
ily injured when the tentorium is opened (Fig. 5.6). The
trochlear nerve is the only motor nerve that runs outside
the annulus of Zinn, crossing over the optic nerve to inner-
vate the superior oblique muscle approximately one-third
along its course. Surgery to reach the optic nerve through
the superior orbit can damage the trochlear nerve as it
crosses in the orbital apex.
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Fig. 5.2 Thefields (A,B) of a 65-year-old woman who presented with a 1-year history of progressive visual loss in the right eye. Visual acuity was
2/200 OD and 20/30 OS with a >1.8 log unit right afferent papillary defect. The right field (B) demonstrates a central scotoma, and the left field
(A) demonstrates an inferior arcuate defect. Her funduscopic examination (C,D) revealed evidence of drusen of the optic nerve heads bilaterally
with relative optic atrophy OD > OS. The view on the right (C) was much better than the view on the left (D) because she had had her cataract
on the right side removed. The arcuate changes on the left eye were compatible with the buried drusen, and the difference between the total
deviation plot and the pattern deviation plot was presumably related to her cataract.
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Fig. 5.2 (Continued) The central scotoma
in the right eye, however, could not be ex-
plained by the optic nerve head drusen,
and an angiogram revealed evidence of
bilateral ophthalmic segment internal
carotid artery aneurysms with right optic
nerve compression (E). Evidence of bilat-
eral optic neuropathies were confirmed on
the optical coherence tomogram (OCT),
which shows thinning of nerve fiber layer
in both eyes (F). (Continued on page 72)
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Pl B

Posterior B-Scan

Fig. 5.2 (Continued) B-scan reveals hyperrefractile bodies in the optic nerve head (G,H), demonstrating that this is optic nerve head drusen, not
papilledema. She underwent stenting and coil embolization of both carotid aneurysms (1) with stabilization of her visual function. Comment:
Although central scotomas are most commonly associated with macular disease, certain optic neuropathies often cause central loss of vision.
Rare causes include nutritional, toxic, and hereditary (Leber) optic neuropathies. Inflammatory and compressive lesions are more common
causes of visual loss. In this case, a paraclinoid aneurysm compressed the right optic nerve, producing visual loss and a central scotoma. B-scan
of the optic nerve head can help distinguish papilledema (disc elevation due to increased intracranial pressure) from optic nerve head drusen.
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Fig. 5.3 This 50-year-old patient was referred in September of 2008. Seventeen months earlier, she had developed a “funny smell” and was
seen by her local doctor, who ordered MRI. This revealed evidence of a right temporal lobe lesion, and she underwent a craniotomy in May of
2007 (16 months before her evaluation) with subtotal resection of a high-grade glioma. Three days before her referral, she had noticed increas-
ing problems seeing to the side. Visual fields reveal a fairly dense left homonymous hemianopsia (A,B). Visual acuity was preserved with 20/30
vision at distance and 4-point vision at near. She did, however, have a 0.9 log unit left afferent pupillary defect, indicating involvement of the
right optic tract, which produced the left homonymous hemianopsia. Her discs at that time looked normal, and an optical coherence tomogram
(OCT) of her nerve fiber layer also looked entirely normal (C). (Continued on page 74)
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Fig. 5.3 (Continued) This 50-year-old patient was referred in September of 2008. Seventeen months earlier, she had developed a “funny smell”
and was seen by her local doctor, who ordered MRI. This revealed evidence of a right temporal lobe lesion, and she underwent a craniotomy in
May of 2007 (16 months before her evaluation) with subtotal resection of a high-grade glioma. Three days before her referral, she had noticed
increasing problems seeing to the side. Repeat scan at this time revealed a lesion extending from the temporal lobe to involve the basal ganglia
as well as the right optic tract (D-G). Three months later, she returned with visual acuity down to 1/200 in the right eye and 20/30 in the left.
She now had a dense left homonymous hemianopsia. Her afferent pupillary defect had increased to 1.8 log unit.
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Fig. 5.3 (Continued) This 50-year-old patient was referred in September of 2008. Seventeen months earlier, she had developed a “funny smell”
and was seen by her local doctor, who ordered MRI. This revealed evidence of a right temporal lobe lesion, and she underwent a craniotomy in
May of 2007 (16 months before her evaluation) with subtotal resection of a high-grade glioma. Three days before her referral, she had noticed
increasing problems seeing to the side. Three months later, she returned with visual acuity down to 1/200 in the right eye and 20/30 in the left.
She now had a dense left homonymous hemianopsia. Her afferent pupillary defect had increased to 1.8 log unit. Although her optic discs did
demonstrate some subtle optic atrophy, OD (H) greater than OS (1), the progressive damage to the anterior visual pathways could be better
seen in her OCT, which showed severe thinning of the nerve fiber layer on the right side and moderate thinning of the nerve fiber layer on the
left (]). Comment: Optic tract involvement may be suspected when there is an afferent pupillary defect on the same side as the visual defect.
OCT, by giving us an in vivo biopsy, is a more quantitative way of assessing damage to the anterior afferent visual pathways. Although it is likely
that when we first saw her she already had ongoing damage to the optic tract, there is a delay in the development of thinning of the nerve fiber
layer and subsequent optic atrophy. The quantitation of her afferent pupillary defect also demonstrated progression, indicating involvement
not only of the right optic tract but also subsequently of the right optic nerve in this patient with an aggressive glioblastoma.
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Fig. 5.4 This 40-year-old woman presented with a 3-week history of headaches and 2 weeks of blurred vision. Visual acuity was found to be
20/40 and 20/200 with near vision of 4 point and 26 point. Her visual fields revealed asymmetric bitemporal visual field defect (A,B). Interesting-
ly, her discs really did not look that abnormal (C,D), and her optical coherence tomogram (OCT) showed normal nerve fiber layer thickness (E).



5 Ophthalmologic Evaluation and Management 77

RNFL THICKNESS AVERAGE ANALY SIS

QoD

TEMP op HAS BF TEMFP

Saghal SuERgth (Max 100 ]’B

0 20 40 60 &0 100 120 140 160 160 200 M) M0

TEMP ap 7 B TEWP

100%

T Mormal g
distrittion o

00 Percentiles

X
200 ox
100 g — - .

Fig. 5.4 (Continued) This 40-year-old woman presented with a
3-week history of headaches and 2 weeks of blurred vision. Visual acu-
ity was found to be 20/40 and 20/200 with near vision of 4 points and
26 points. Interestingly, her discs really did not look that abnormal
(C,D), and her optical coherence tomogram (OCT) showed normal
nerve fiber layer thickness (E). Her MRI revealed a suprasellar mass
lesion compressing the chiasm (F-H). (Continued on page 78)
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Fig. 5.4 (Continued) This 40-year-old woman presented with a 3-week history of headaches and 2 weeks of blurred vision. Visual acuity was
found to be 20/40 and 20/200 with near vision of 4 points and 26 points. Her prolactin was elevated at 739 ng/mL. She was started on cabergo-
line (Dostinex) 0.5-mg tablets twice a week, and 6 weeks later she had dramatic improvement in automated static perimetry (1,]). Comment: Su-
perior bitemporal defects are the most common chiasmal syndrome due to compression of the anterior inferior chiasm by a lesion arising from
the sella. Elevated prolactin indicated a prolactinoma, which responded well to medical treatment with cabergoline. Quantitative improvement
in perimetry is common with medical or surgical decompression of the chiasm. The normal OCT indicated that the compression was probably
not long-standing and might be a good prognostic indicator for visual recovery.
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Fig. 5.5 This 53-year-old patient was referred to the neuro-ophthalmology office because of “another tumor.” Her visual fields demon-
strated an inferior bitemporal visual field defect (A,B), and her optic discs indicated optic atrophy (C,D). (Continued on page 80)
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Fig. 5.5 (Continued) This 53-year-old patient was referred to the
neuro-ophthalmology office because of “another tumor.” Her optical
coherence tomogram (OCT) confirmed the presence of bilateral optic
atrophy with nerve fiber bundle dropout, more on the left than the
right (E). Her past medical history was remarkable for galactorrhea in
1992. She was found to have an elevated prolactin level and in June of
1995 had undergone transsphenoidal resection of a cystic nonsecre-
tory pituitary tumor. Review of her MRI demonstrated a cystic lesion
arising from the sella and compressing the posterior aspect of the chi-
asm (F-H).



Ophthalmologic Evaluation and Management 81

Single Field Analysia
T~ R
0 -

Eye: Laft
COr

Central 24-2 Theeshold Test

Fleation Monitor: OFF

Stimulus. 11, Wnite Pupil Diameter. Date: 12-09-2008
Fixation Targe!: Central Background: 31 5 ASH Vinual Acusty: 20/20 Time: 813 AM
Fixation Losses: 0/0 Strategy. SITA-Fast AX +275056 DC X Age. 53

Teal Duration: 0350

Foven 33 @B

L x =
s 5= #A|lx® B 5 B
x ¥ 3 % 2o 9
®
"R T
= A ® oA

GHT
- Quttside normal lemits
e B ]
i MD 109948 P<O5%
PSD 101468 P<OS%
Pattern
Deviation
L} ] LR |
EENE o mEEn
RS [} | En B
| I | [ ] H R B
| I | ] E ER [ ]
EEREEE o ERER
EEEE B ERR B
| N B | B |
I <% UNIVERSITY OF VIRGINIA

Single Field Analysia Eye. Fught
tare COR I |
0 - |

Central 24-2 Threshold Test

Fiation Monitor: OFF
Fiuation Targe!: Central
Flaoation Losses: 0/0
False POSErrors: 2%
False NEG Erors: 19%
tion: 03:46

Test[

Fovea 3108 B

& WEX 8

8 ¥ ®|mon oW
= 2 LI )
7 Biln

Stimubus: 111, White Pupd Diamater Date. 12-09-2008
Background: 315 ASB Visual Acuity: 20/20 Time: @06 AM
Strategy SITA-Fast RAX: +3 5008 ncx Age 53

GHT

Outside normal kmits

MO -92748 P<OSX
P50 697dB PCOSY

ota Pattern
Devaaton Deviation
H
LI |
] e
ee cen_n
[ [ [ ]
B EEN
| L]
L IR |
] 5% | UNIVERSITY OF VIRGINIA

Fig. 5.5 (Continued) This 53-year-old patient was referred to the neuro-ophthalmology office because of “another tumor.” She returned 6
months later stating that her vision had not changed, but automated static perimetry now demonstrated denser bitemporal visual field defects

(1,)), though her discs showed no change (K,L). (Continued on page 82)
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Fig. 5.5 (Continued) This 53-year-old patient was referred to the neuro-ophthalmology office because of “another tumor.” OCT demonstrated
further thinning of her nerve fiber layer on the right side (M). She underwent decompression of what pathologically proved to be a Rathke cleft
cyst. Within 6 months, her visual fields had improved, although still with a residual bitemporal defect (N,O).
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Fig. 5.5 (Continued) This 53-year-old patient was referred to the neuro-ophthalmology office because of “another tumor.” OCT showed still
further thinning of her nerve fiber layer (P). Comment: In the setting of a preplaced chiasm or with a posteriorly oriented suprasellar lesion,
compression of the posterior aspect of the chiasm produces an inferior bitemporal defect. OCT thinning is delayed, and it is not unusual follow-
ing decompression for the fields to improve but the OCT to show progressive thinning.

The oculomotor nerve originates within the tegmentum
of the midbrain just rostral to the fourth nerve and just
caudal to the vertical gaze centers. Several subnuclei make
up the oculomotor nucleus, including a single central sub-
nucleus for the levators of both eyes and a pair of subnuclei
for the parasympathetics (Edinger-Westphal nuclei) inner-
vating the sphincter of the iris and ciliary body. The supe-
rior rectus subnuclei send out fibers that cross over to the
opposite side. The medial rectus subnucleus has been di-
vided into several areas and probably has a subsubnucleus
responsible for convergence, although this has been poorly
identified.

The third nerve exits on the ventral aspect of the mid-
brain, having passed through the area of the red nucleus, as
well as the cortical spinal pathways in the peduncle. There
are multiple rootlets as the third nerve exits the brainstem,
and the nerve itself passes between the superior cerebellar
artery below and the posterior cerebral artery above. The
nerve runs parallel to the posterior communicating artery
(where it can be affected by an aneurysm) and enters the
superior lateral aspect of the cavernous sinus. There is a
variable sheath that makes up the inner lateral wall of the
cavernous sinus. Within the lateral wall of the cavernous

sinus, the third nerve usually divides into a superior and
an inferior division. These both enter the superior orbital
fissure within the annulus of Zinn. The superior division
innervates the superior rectus and levator muscles on
their inferior surfaces. The inferior division innervates the
medial rectus and the inferior rectus approximately one-
third of the way along their inner surfaces and the inferior
oblique muscle at its midpoint, just lateral to the border
of the inferior rectus. An additional branch containing the
parasympathetics to the iris sphincter and ciliary muscles
runs with the inferior division and synapses in the ciliary
ganglion at the lateral aspect of the optic nerve in the or-
bital apex. The short posterior ciliary nerves then convey
the parasympathetic innervation to the globe and extend
anteriorly to the sphincter and ciliary muscles.

Adnexal Structures

The adnexal structures include the globe itself, which
consists of a firm scleral shell composed of collagen and a
specialized anterior portion, the cornea, which is optically
clear. The cornea is kept clear by the action of the endo-
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Fig. 5.6 This 46-year-old patient was referred
for double vision. Her nine cardinal positions
indicate a left hypertropia increasing with right
gaze and with left head tilt (A). She measured 16
diopters of left hypertropia in primary position.
The Hess screen confirms a left hypertropia devi-
ation increasing on down right gaze (B). She had
previously presented with a history of left facial
numbness and had undergone resection of a left
tentorial meningioma that caused her nerve IV
palsy. Subsequently she underwent a right infe-
rior rectus recession, which resolved her double
vision as seen in her Hess screen (C). Comment:
The fourth nerve is easy to injure when surgery
involves the tentorial edge. Eye muscle surgery
may correct the malalignment if it does not clear
spontaneously.
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thelial pump, which returns interstromal fluid into the an-
terior chamber, relatively dehydrating the corneal stroma.

The inner surface of the globe is lined by a photosensitive
layer, the retinal receptors, consisting of rods and cones. The
rods line the entire retina except for the fovea. The cones
are also located throughout the retina but are concentrated
in the fovea. The retinal receptors send signals via the bi-
polar cells to the ganglion cells located in the most inner
portion of the retina. The axons of the ganglion cells make
up the nerve fiber layer, which then forms the optic nerve.

The inner retina is perfused through the central retinal
artery, which branches into a superior and inferior arcade.
The blood supply to the outer retina (the rods and cones) is
through the choroid. The choroidal blood actually makes up
more than 80% of the blood circulating through the eye and
is supplied through the posterior ciliary arteries around
the optic nerve and the anterior ciliary arteries, which run
within the rectus muscles. The retinal pigment epithelium,
which underlies the retinal receptors, is responsible for
support and also plays an active role in the metabolic path-
ways that are required for the rods and cones to function.

The choroid is the posterior extent of the uveal tract. More
anteriorly, the uveal tract consists of the ciliary body, which
is responsible for forming aqueous (which keeps the eye in-
flated and supplies oxygen and nutrition to the nonvascu-
larized lens and corneal endothelium), and the iris, which
regulates the amount of light coming into the eye. Zonules,
which originate from the ciliary body, support the intraocu-
lar lens. Contraction of the ciliary body releases tension on
the lens, which then increases its refractive power by be-
coming rounder (permitting us to see objects up close).

The surface of the eye is covered by a nonkeratinized
epithelial layer that is contiguous from the cornea through
the conjunctiva, lining both the surface of the globe (bul-
bar) and the inner surface of the eyelids (tarsal). The ini-
tial refracting surface of the eye is the tear film, which is
supplied by the accessory lacrimal glands lining the upper
tarsus and within the cul de sac both superiorly and in-
feriorly. The main lacrimal gland, located supratemporally
in the anterior orbit, drains into the superior cul de sac.
Although the main lacrimal gland is responsible for reflex
tearing, it also supplies some basic tear production. The
main lacrimal gland is innervated by the parasympathet-
ics, which originate near the salivary nucleus. These fibers
leave the brainstem in the nervus intermedius and join the
seventh nerve. At the geniculate ganglion, they course with
the greater superficial petrosal nerve, which parallels the
carotid artery within the petrous bone, to the area of the
foramen lacerum, where they join the vidian nerve. They
synapse in the sphenopalatine ganglion. The postganglion-
ic fibers then run through the inferior orbital fissure before
joining the lacrimal nerve to the lacrimal gland.

The eyelids are another important adnexal structure. As
the outer surface of skin is keratinized, it is critical that the
lids be held in an appropriate position and the keratinized
surface not come in contact with the cornea. This is accom-
plished through the tarsus, a fibrous tissue that keeps the
lids oriented. The lids are held tightly in position by the me-
dial and lateral canthal tendons attached to the bone and
are elevated by the levator and Miiller’s muscles superiorly.
The lids are closed by the orbicularis muscle, innervated by
the temporal and zygomatic branches of the seventh nerve.

The pretarsal orbicularis is largely responsible for reflex
blinking, whereas the remainder of the preseptal and orbit-
al orbicularis is responsible for forced lid closure. The tar-
sus also contains meibomian glands, which secrete an oily
film that decreases tear evaporation. Goblet cells contained
within the perilimbal conjunctiva are responsible for wet-
ting the cornea, which is otherwise hydrophobic.

The globe is moved within the orbit by six extraocular
muscles: the four rectus muscles (medial, lateral, superior, and
inferior) and the two oblique muscles (superior and inferior).
The rectus muscles insert on the anterior aspect of the globe
and will pull the eye in the direction in which they insert. The
superior rectus produces elevation as well as adduction and in-
cyclotorsion. The inferior rectus causes depression, adduction,
and excyclotorsion. The oblique muscles, because they insert
posterior to the equator, move the eye in the opposite direc-
tion, with the superior oblique muscle causing depression
as well as incyclotortion and abduction. The inferior oblique
moves the eye up and produces excyclotortion and abduction.

The eye is permitted to move because of its encasement
within Tenon’s capsule, which isolates the globe from the sur-
rounding structures. The sheaths of the extraocular muscles
also permit movement. These sheaths form a portion of the
complicated septal anatomy within the orbit, with pockets
of fat surrounding and protecting the extraocular muscles, as
well as the cranial nerves and the vascular supply to the eye,
muscles, optic nerve, and eyelids anteriorly. Any damage to the
tissue planes often results in restricted motility and diplopia.

The orbit communicates with the intracranial space
through the optic canal, which transmits the optic nerve
as well as the ophthalmic artery, and the superior orbital
fissure, which transmits the ocular motor cranial nerves as
well as the three branches of the first division of the trigemi-
nal nerve, the superior ophthalmic vein, and various sym-
pathetic and parasympathetic innervation to the structures
within the orbit. The orbit also communicates inferiorly
with the nose, allowing drainage of the excess tears through
the lacrimal sac and the nasolacrimal duct. Collateral circu-
lation links the ophthalmic artery (branch of the internal ca-
rotid artery) to multiple branches of the external circulation
via the anterior and posterior ethmoid arteries, the recur-
rent meningeal artery through the superior orbital fissure,
and the terminal branches of the supraorbital, supratroch-
lear, and infratrochlear arteries with the terminal branches
of the angular, transverse facial, and temporal arteries.

¢ Evaluation
Afferent System Evaluation

A basic understanding of the neuro-ophthalmic examina-
tion includes qualitative and quantitative assessment of the
afferent and efferent systems. Multiple texts and chapters
have addressed the neuro-ophthalmic evaluation of the af-
ferent system.!>3338-44 Ophthalmic evaluations, like all ex-
aminations, can be divided into those that are qualitative,
potentially localizing in nature, and those that are quanti-
tative, providing for an assessment of the natural history
of disease as well as the effects of intervention. Qualita-
tive assessment is often adequate to confirm the presence
of a lesion and to direct additional work-up. Quantitative
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assessment is required, however, to determine whether or
not lesions are changing over time, and whether therapy
has been effective.

Although qualitative acuity measurements may be listed
as “normal” or “reduced,” in almost all circumstances quan-
titative measurement of afferent visual function should be
obtained. It is important to recognize that central vision as
measured by Snellen or near acuity represents only macu-
lar function, and it does not assess visual perception out-
side the point of fixation. Macular function is traditionally
recorded as the smallest Snellen optotype that can be seen,
usually at the fixed distance of 20 ft. The top of the fraction
recorded (eg, 20/40) indicates the testing distance and the
bottom smallest optotype that can be seen. Thus, in this
case, at 20 ft the patient cannot see anything smaller than
the 40 optotype. The optotype is defined by the size of the
letter required to subtend 5 minutes of arc at the named
distance. Small improvements in distance acuity testing
were introduced by Bailey and Lovie in 1976, and a modi-
fication of the chart (also called the ETDRS [Early Treat-
ment Diabetic Retinopathy Study] chart), is often used in
multicenter trials.#> All visual function testing should be
obtained with the patient’s correction (glasses or contact
lenses) in place. Often, acuity seems to be lost simply be-
cause the patients are not wearing their glasses. A rapid
screen for the presence of refractive abnormalities, as well
as corneal or surface anomalies, can be obtained with the
use of a pinhole. Improvement in central visual function
when the patient looks through a pinhole usually indicates
that at least a component of the decreased vision is related
to uncorrected refractive error, or potentially to early cor-
neal or lens pathology.

In addition to best corrected distance acuity, near vision
should be checked routinely (Fig. 5.7). Although this may
be recorded as “equivalent,” as a general rule, it should be
recorded in the point system, again with the appropriate
refraction for near, and with a notation of the distance at
which the patient is holding the reading card. The Jaeger
system, although used by ophthalmologists, does not have
the universal applicability (the point system is used in all
type, including computer printouts) and therefore is less
useful. Lack of equivalence between distance and near
measurement is another clue to the possibility of an un-
corrected refractive error, but it also may occur in patients
with various types of cataract formation.

An additional essential part of evaluation of the affer-
ent system is testing extrafoveal function (visual fields).>34!
This can be done qualitatively by confrontation testing
(Fig. 5.8), semiqualitatively on tangent screen testing, and
quantitatively by Goldmann or automated static perim-
etry.“s At a minimum, all patients should be assessed for
the potential presence of visual field defects that respect
the vertical midline, indicating chiasmal or retrochiasmal
pathology, or the nasal horizontal midline, indicating op-
tic nerve pathology. In addition, as compressive lesions
may affect the central portion of the visual field, patients
should be tested for relative central visual field defects.
These are common with optic nerve compression. Visual
fields (like other afferent system tests) should be recorded
as if you are the patient looking out. Thus, the right visual
field is to the right side and the left is to the left, with the
temporal fields peripherally and the nasal fields centrally.

ROSENBAUM POCKET VISION SCREENER

v
Q0
s
25
T o
20
800
, .._.:5 20
8 4 c O 100
.6%
CES =
2843 26 16 2
638 E WMXO00 14 10 &
8745 IAMW O0XO0 10 7
63925 ME3 xo0x 8 5 2
428365 WEM oxo 6 3 %
37 4 258 I wm X X 0 52%%
8 3 7 8 2 6 wme X 0 o 41%
4 2°8 1T 3 0 Ewm 8B 8 X 31+%.g

Card is held in good light 14 inches from eye. Record
vision for each eye separately with and without glasses.
Presbyopic patients should read through bifocal
segment. Check myopes with glasses only.

DESIGN COURTESY J.G. ROSENBAUM, MD

Fig. 5.7 Near card. Instructions call for this to be held at 14 in (35.6
cm). It is more important that the patient hold the card at the clear-
est distance and that distance be measured and recorded. Vision
should be recorded in the point system. The equivalent subtended
angle at distance is also given.

Visual field defects are particularly useful in localizing
pathology, even without quantitative assessment. Bitem-
poral visual field defects, originally described clinically by
McKenzie in 1835, clearly localize pathology to the area of
the chiasm (Figs. 5.4 and 5.5). Homonymous visual field
defects, in which there is a field defect to the same side in
both eyes, indicates pathology affecting the post-chiasmal
visual pathways (Fig. 5.3). Involvement of the optic nerves
may produce either a central scotoma (Fig. 5.2) or varia-
tions of arcuate visual field defects, found on qualitative
assessment by a relative step across the nasal horizontal
midline. Arcuate defects are better evaluated in a more
quantitative fashion either by Goldmann kinetic perimetry
or automated static perimetry. In the interpretation of visu-
al fields, the pattern deviation plot with statistical analysis
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Fig. 5.8 Confrontation testing should be done by presenting one,
two, or five fingers in each of the four quadrants, with each eye test-
ed separately.

is most important in terms of recognizing and appreciating
the localizing value of visual field defects. Arcuate defects
indicate pathology affecting the optic nerve (less likely the
retina), whereas respect for the vertical midline indicates
involvement at or behind the chiasm. Central scotomas not
due to macular pathology are classically seen with toxic,
metabolic, or hereditary pathology, but are not uncommon
with compressive or inflammatory lesions.

Evaluation of the afferent system also involves two ad-
ditional studies: assessment of pupillary response and as-
sessment of the retina and optic disc. Teleologically, the
pupil is responsible for regulating the amount of light com-
ing into the visual system.#” When there is excess light, the
pupils become smaller, and when it is relatively dark, the
pupils dilate. This is under control of the sphincter muscle,
innervated through the third nerve, and the dilator mus-
cles, innervated by the sympathetics traveling with the
carotid artery through the superior orbital fissure. Pupils
should be examined for regularity and symmetry. Pupil
size may be measured with a pupil gauge. Asymmetry is
not rare, essential anisocoria, but the difference should be
the same in light and dark.*®

The presence of asymmetric optic nerve pathology pro-
duces an afferent pupillary defect; moving a bright light
from one side to the other results in dilation of both pupils
when the light is moved to the side where the optic nerve
is involved while the patient fixes a distant accommoda-
tive target.*® The presence of an afferent pupillary defect
may be further quantitated by the placement of neutral-
density filters in front of the better-functioning eye until
the response is balanced> (Fig. 5.9). Although an afferent
pupillary defect cannot be detected in a patient with one
eye, it is possible to detect an afferent pupillary defect even

when there is only one working pupil. Statements about
“reverse Marcus Gunn” pupil should be avoided. No matter
which pupil is being observed, the relative afferent pupil-
lary defect indicates the side on which less light is getting
into the system. The presence of an afferent pupillary de-
fect parallels asymmetric visual fields more than central
acuity and optic nerve appearance.

The eye gives us a unique ability to see in vivo into the
functioning of the central nervous system. Funduscopic
evaluation permits us to look at the beginning of the optic
nerve, which is really the most anterior portion of the white
matter tract of the brain connecting the photoreceptors via
the ganglion cells to the geniculate and then the cortex.
The presence of increased intracranial pressure, potentially
seen in patients with parasellar lesions, can produce disc
edema as it results in constipation of axonal transport (Fig.
5.10). Persistent disc edema due to increased intracranial
pressure will eventually produce optic atrophy associated
with deteriorating afferent visual function. This may be
documented with photographs of the posterior pole and
can be qualitatively assessed based on relative disc pallor
and more recently quantitatively assessed with OCT (opti-
cal coherence tomography; Fig. 5.5). Papilledema is uncom-
monly seen with pituitary tumors unless they become large
enough to obstruct the foramen of Monro. Other tumors
arising in the parasellar region, however, more frequently
present with increased intracranial pressures, especially
meningiomas arising from the olfactory groove, from the
tuberculum, or even from the anterior clinoid and medial
sphenoid wing. These may present with bilateral disc ede-
ma due to increased intracranial pressure or unilateral disc
edema and contralateral optic atrophy (Foster Kennedy
syndrome) due to compression of one optic nerve.>!

It should be noted that since the advent of imaging
studies, the incidence of disc edema with all intracranial
tumors has markedly decreased.'* This would be particu-

Fig. 5.9 In the presence of an afferent pupillary defect, neutral
density filters may be placed in front of the better-functioning eye
to quantitate the amount of asymmetry between the two eyes. It is
important to use a bright light and spend equal time in the two eyes.
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Fig.5.10 This 39-year-old patient presented in August 2006 with a 1-month history of pounding headaches. Visual acuity was 20/20 bilaterally,
but his visual fields demonstrated enlargement of the blind spot bilaterally, worse on the left (A) than the right (B), and bilateral disc edema
(C.D).
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Fig. 5.10 (Continued) This 39-year-old patient presented in August 2006 with a 1-month history of pounding headaches. Visual acuity was
20/20 bilaterally, but his visual fields demonstrated enlargement of the blind spot bilaterally, worse on the left (A) than the right (B), and bilat-
eral disc edema (C,D). Optical coherence tomography (OCT) confirmed the presence of marked thickening of the nerve fiber layer bilaterally,

worse on the right than the left (E). (Continued on page 90)
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Fig. 5.10 (Continued) This 39-year-old patient presented in August
2006 with a 1-month history of pounding headaches. MRI revealed
evidence of significant hydrocephalus, with a small colloid cyst
blocking the foramen of Monro (F-I).
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Fig. 5.10 (Continued) This 39-year-old patient presented in August 2006 with a 1-month history of pounding headaches. Following excision of
the colloid cyst, the discs are seen to return to normal (J,K), and the OCT shows marked thinning with return to normal (L). Comment: Obstruc
tion of ventricular flow in this case resulted in secondary increased intracranial pressure with bilateral disc edema and bilateral cecal scotomas.
With restoration of the normal CSF flow, pressure was reduced, the disc edema resolved, and the thickening of the nerve fiber layer reversed

(as seen on OCT).
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larly true in patients with parasellar lesions, as it would be
unusual for patients to be asymptomatic long enough for
these lesions to reach the size that leads to papilledema.

The recent development of OCT has opened a new door
to the more quantitative assessment of the optic nerve,
disc, and nerve fiber layer. This can be seen to be thick-
ened in patients with disc edema of any etiology (Fig. 5.10)
and, more importantly, can quantitate the presence of loss
of nerve fiber layer due to pathology that affects the op-
tic nerve (paralleling optic atrophy; Fig. 5.5). It should be
noted that there is a delay in the thinning of the nerve fiber
layer for weeks, if not months, between the acute onset of
optic nerve pathology and thinning seen on OCT. It is also
important to note that the OCT will not thin to zero because
there are support structures within the retina that will
keep nerve fiber layer thickness measurements at least in
the upper 30s or lower 40s range. Asymmetry between the
two sides may be a useful sign of previous damage to one
optic nerve. A finding of nerve fiber layer thinning may also
indicate that a lesion is much more long-standing than oth-
erwise appreciated (Fig. 5.3). OCT may also be prognostic in
terms of visual recovery following surgical or medical de-
compression (Fig. 5.4). Just as the older literature suggested
that the best prognosis was in patients with relatively brief
visual loss and the absence of optic atrophy on funduscopic
evaluation, the lack of OCT thinning may also be taken as a
relatively good prognostic sign for potential recovery. Con-
versely, the presence of significant thinning of nerve fiber
layer may indicate a worsened prognosis for recovery fol-
lowing decompression. It should be emphasized, however,
that even with significant thinning, there may be substan-
tial improvement in optic nerve function, particularly as
measured by central acuity, but even by visual fields.

It is important to note that not all decreased vision is due
to optic nerve or chiasmal pathology. Abnormalities in re-
fraction and abnormalities of the cornea, lens, vitreous, or
retina can also produce decreased vision. This will often
require more detailed work-up. One of the tests that may
be particularly suggestive of an alternative explanation for
visual loss would be the absence of an afferent pupillary
defect. Although an afferent may not be present if both op-
tic nerves are involved, the presence of unilateral decreased
vision but no afferent pupillary defect strongly suggests
either an anterior segment or a retina problem. In photo-
stress test a light is shined in the eye for 10 seconds, then
the patient is timed until he or she can read down to one
line worse than best previoiusly recorded vision. This may
be a subtle way of detecting a relative macular problem as
differentiated from an optic nerve problem.>? Patients who
have macular pathology will have a delay in their recovery,
whereas patients with optic nerve problems will not.

The view of the back of the eye may also be very helpful.
If there is an anterior segment problem, the observer of-
ten cannot see in with a direct ophthalmoscope (Fig. 5.11),
and therefore, it is not surprising the patient cannot see
out. Similarly, clear macular pathology may explain the
patient’s visual limitation. The appearance of the macula,
unfortunately, does not always indicate its function. Addi-
tional functional tests, such as multifocal electroretinogra-
phy (ERG) and autofluorescence, and anatomic tests, such
OCT of the macula, may be necessary.

Fig. 5.11 Direct ophthalmoscope. Although a more detailed view
(and in stereo) may be obtained with slit-lamp biomicroscopy or
with indirect ophthalmoscopy, the direct ophthalmoscope gives a
good idea of any media (cornea, lens, anterior segment) problems
that may be interfering with vision. If you can see in, the patient
should be able to see out.

One unusual symptom of a dense bitemporal visual field
defect is the presence of postfixational blindness. When a
patient converges his visual axes to look at a near target,
anything beyond that near target disappears. This is not
usually noticed by the patient but can be easily demon-
strated on examination.

Efferent System Evaluation

Extensive literature addresses the importance of ocular
motility to visual function.?'>3>4 Because we are foveate
animals, to maximize our visual potential, we need to
bring the eyes into alignment with the object of interest.
To do that, we have developed the efferent visual system,
which allows the movement of each eye. In addition, be-
cause we have overlapping visual fields, both eyes must be
in alignment simultaneously. Acuity is adversely affected
by movement of the eye relative to the visual environment.
Thus, it is critical that the eyes be kept stable. This includes
stability when the head moves and when the object of in-
terest moves. Stability can be best judged by observing the
fundus with a direct ophthalmoscope.>> Any tendency for
the eye to drift will be picked up as a movement of the
observed optic disc. This can be done in primary and ec-
centric gaze. Gross instability may be directly observed,
magnified with a Fenzel viewing system, or recorded with
an eye-tracking system (electro-oculogram [EOG], infra-
red, coil).>
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Each individual movement of the eyes is referred to as
a duction. Ductions can be qualitatively assessed by sim-
ply looking at ocular excursion but also by looking to see
if “the sclera can be buried.” Ductions may also be quan-
titatively assessed by measurement linearly, by rotational
measurements with prism, or most accurately by measur-
ing ductions on a hemispheric bowl (Goldmann apparatus)
or an arc perimeter. These measurements may be particu-
larly helpful in following patients who are likely to develop
progressive limitation in individual ocular motility, such as
those with infiltration of the extraocular muscles, or in the
setting of disease processes such as myasthenia gravis and
progressive external ophthalmoplegia. Normally, a patient
should be able to abduct and adduct approximately 50 de-
grees; depression is approximately 45 degrees, and eleva-
tion decreases from a maximum of 40 degrees in childhood
to 15 degrees in the elderly.

Movement of the two eyes together is referred to as ver-
sion. These may be movements left (levoversion), right
(dextroversion), up (sursumversion), or down (deorsum-
version). Vergence refers to movements of the eyes in op-
posite directions. Convergence is necessary to look at a
near target, bringing the axes closer together, and diver-
gence is required for looking at a distance target. Abnor-
malities of convergence and divergence can occur with
midbrain lesions and can uncommonly be seen with para-
sellar lesions that enlarge to affect or involve the midbrain.
Abnormal versions can lead to ocular malalignment. This,
as mentioned, usually results in diplopia. Subtle abnor-
malities in versions can be picked up by dissociative tests
such as the red glass test or, better yet, the use of a Maddox
rod.”” A white light is viewed by one eye while a Maddox
rod placed over the opposite eye produces the sensation
of seeing a line perpendicular to the cylinders of the Mad-
dox rod. To assess horizontal alignment, the Maddox rod
is placed so that the cylinders are aligned horizontally,
thus producing the sensation of seeing a line running ver-
tically (Fig. 5.12A). If the light is not seen as on the line,
then there is relative horizontal malalignment of the eyes.
As the patient will see the light in the opposite direction
to which the eye is deviated, if the patient reports seeing
the light as crossed over the line, it means that the patient
has a relative exodeviation, or deviation out. Similarly, if
the patient reports the light on the same side as the eye
viewing, the patient has the eyes relatively crossed in, or
an esodeviation. If the Maddox rod is aligned vertically, the
patient will see a horizontal line (Fig. 5.12B). If the light
is above or below the line, there is a vertical deviation. A
tendency to deviate (phoria), as picked up by a Maddox rod
or red glass, is common in a large percentage of the popu-
lation. Most people, however, maintain alignment by the
use of fusional amplitudes, which can make up for a ten-
dency of the eyes to deviate. A breakdown of the fusional
amplitudes results in a manifest deviation (tropia). Tor-
sional abnormalities (often seen when the third or fourth
nerve is involved) can be measured with double Maddox
rods. Occasionally, patients are unable to perform Maddox
rod or other subjective tests. Alignment may be assessed
by cross-cover testing and prism measurements or, in non-
responsive patients, by judging the position of the light
reflex on the cornea (Hirshberg’s test). A more quantita-

Fig. 5.12 Maddox rod. Although a red glass or cross-cover testing
may also be used to check for alignment, the Maddox rod is a very
quick means of assessing for any tendency to deviate (phoria) both
horizontally (A) and vertically (B). This is the quickest way to check
for comitance and identify the field of maximal deviation.
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tive test not requiring patient response is Krimsky’s test,
in which the light reflex is simultaneously centered on the
cornea with the use of prisms, thus placing a number on
deviation.8

As mentioned, not all patients who are tropic have dip-
lopia; they may have facultative suppression, in which the
brain simply ignores one image. This is usually seen in
patients with a long history of malalignment, or congeni-
tal strabismus and amblyopia. Fusional amplitudes vary.
They are much greater horizontally than vertically and are
greater for convergence, bringing things in, than for diver-
gence. The implications are that a patient who has a subtle
problem with abduction (eg, a mild sixth nerve palsy) is
more likely to be symptomatic than one with a subtle ad-
duction problem (eg, an internuclear ophthalmoplegia). A
small tendency to deviate vertically usually produces dou-
ble vision because vertical fusional amplitudes are much
less than horizontal, and most patients cannot fuse more
than 3 or 4 diopters (1-2 degrees) of vertical malalign-
ment. Fusional amplitudes require bilateral simultaneous
vision. In the setting of a dense bitemporal defect, each eye
is actually seeing half of the visual field, and any tendency
to drift (a small hyperphoria that would otherwise be con-
trolled) can result in double vision due to “hemifield slip.”

Although the red glass test and Maddox rod are usually
considered qualitative (assessing the presence of deviation
but not quantitating it), it is possible to use them to quan-
titate deviation by adding a prism to balance the devia-
tion. Quantitative assessment of ocular deviation may also
be obtained by cross-cover testing in primary position,
measuring both horizontal and vertical deviation with
prisms and also the deviation in the other eight cardinal
positions of gaze, including up, down, left, right, up right,
down right, up left, and down left. Prism measurements
will depend on which eye is under the prism. In incomi-
tant deviations, when the patient fixates with the normal
eye and the prisms are placed over the abnormal eye, one
measures the “primary” deviation. If the prisms are then
switched to the normal eye, the deviation measured when
the abnormal eye is fixating is called the secondary devia-
tion. The secondary deviation is always greater than the
primary. In the setting of a comitant deviation (the same in
all directions), the primary and secondary deviations are
equal. In addition to the quantitative use of orthoptic or
cross-cover testing with prisms, the use of a Lancaster red-
green test>% or a Hess screen®' gives a semiquantitative
assessment of ocular motility. This is particularly useful in
following patients with ocular deviation (Fig. 5.13).

An additional quantitative assessment of ocular devia-
tion can be obtained by using a Goldmann bowl and plot-
ting the area of binocular singularity. Thus, a patient with
an abduction deficit, perhaps due to a sixth nerve palsy,
may be seen to have double vision when looking in the
direction of the sixth nerve dysfunction but single vision
when looking away. By plotting the binocular single vi-
sion fields, patients can be followed to determine whether
or not sixth nerve function is improving or worsening.
It should be noted that finding a deviation, either quali-
tatively and quantitatively, does not tell you whether the
deviation is due to a paretic problem (eg, a cranial nerve
palsy, a neuromuscular transmission deficit, or an inter-

Fig. 5.13 This 24-year-old presented with a 4-month history of
intermittent diplopia. Visual acuity and visual fields were normal,
but she had upbeat nystagmus in primary position increasing on up
gaze. MRI demonstrated a dorsal midbrain intra-axial lesion with an
exophytic component (A,B).
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Fig. 5.13 (Continued) This 24-year-

old presented with a 4-month history

of intermittent diplopia. Visual acu-

_ _ "’,» ity and visual fields were normal, but

she had upbeat nystagmus in primary

position increasing on up gaze. She

. underwent a suboccipital craniotomy

and biopsy, which demonstrated a

I low-grade glioma. Postoperatively she

had worsening of her diplopia, with

. an exo deviation increasing on gaze to

(A e AL, either side (C) and a right hypertropia

l | ' increasing on left gaze and with right

* . head tilt. Hess screen confirmed the

incomitant vertical deviation (D). Two

| months later, her double vision had

B significantly improved (E). Comment:

\ Following craniotomy, this patient had

evidence of bilateral internuclear oph-

‘ thalmoplegia and a right fourth nerve

palsy, which spontaneously improved.

The Hess screen provides quantitative
follow-up.
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nuclear problem) or due to restrictive phenomena sec-
ondary to local orbital invasion. Restrictive syndromes are
traditionally diagnosed by forced ductions but may also
be recognized with the use of a suction cup® or the ele-
vation of intraocular pressure in eccentric gaze.®* Rarely,
ocular malalignment may be due to primary overaction
syndromes. Parasellar lesions that can produce overaction
include ocular neuromyotonia, which often follows radia-
tion of lesions in the parasellar region. Patients with ocular
neuromyotonia can report a sensation of the eye “sticking”
when they look in the direction of the affected muscle. In
sixth nerve ocular neuromyotonia, when the patient looks
to that side, the lateral rectus muscle will continue to fire
even after the patient looks back straight, resulting in a
transient exodeviation producing double vision.

Making the diagnosis of a cranial nerve palsy depends
on whether or not it fits a pattern. A sixth nerve palsy
should be seen as an esodeviation increasing on ipsilat-
eral gaze and decreasing on contralateral gaze (Fig. 5.14).
The deviation should be minimal when the patient looks
away from the side of the sixth nerve. A fourth nerve palsy
consists of an ipsilateral hyperdeviation that increases on
contralateral gaze and ipsilateral head tilt (Fig. 5.6). The
deviation should be minimal when the patient looks up
and to the same side as the involved superior oblique. A
third nerve palsy produces the pattern of an exodevia-
tion increasing on contralateral gaze and a variable hy-
perdeviation with a contralateral hyperdeviation on up
gaze and an ipsilateral hyperdeviation on down gaze (Fig.
5.15). This may be variable depending on whether or not
there is divisional third nerve palsy. Two additional “fel-
low travelers,” the eyelid position and the pupil, should be

assessed. Specifically, because the third nerve innervates
the levator, there is usually a concomitant ptosis, and be-
cause the third nerve also controls the sphincter muscles
of the iris, the pupil on that side is often larger and does
not react normally.

In the setting of a complete third nerve palsy, fourth
nerve function can be determined by whether the patient
has incyclotorsion while looking down. Small vessels at
the limbus can be observed to see if they rotate in when
the patient attempts to follow down. The finding of a con-
comitant fourth and third nerve palsy usually indicates
cavernous sinus pathology. Multiple cranial nerve palsies
may occur, particularly in the setting of cavernous sinus
pathology secondary to parasellar extension.!6545> Howev-
er, “pieces” of a third nerve palsy, such as isolated medial
rectus or isolated inferior rectus weakness, are unlikely to
be related to third nerve dysfunction. Instead, they more
likely indicate other causes of ocular motor problems, in-
cluding myasthenia gravis, skew deviation, and restrictive
pathology. The pattern of deviation is particularly easily
seen on a Hess screen but also can be assessed quickly with
a Maddox rod or red glass.

The acute onset of multiple cranial nerve palsies is char-
acteristic of pituitary apoplexy.5¢-% These are often bilater-
al and accompanied by involvement of the afferent visual
pathways, resulting in decreased vision, afferent pupil-
lary defect, and field defects plus associated mental status
changes. This event was originally felt to be an uncommon
condition related to bleeding into a preexisting pituitary
tumor. The advent of imaging has indicated that small
bleeds into pituitary tumors are far more common than
previously documented, and most patients do not have a

Fig. 5.14 This 78-year-old wom-
an presented in September 2009
with double vision. Her afferent
system was entirely intact, but
her nine cardinal positions dem-
onstrated an abduction deficit on
the left (A).
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Fig. 5.14 (Continued) This 78-year-old woman presented in September 2009 with double vision. This is confirmed on her Hess screen,
which shows a limitation in left abduction (B). CTA revealed a left carotid cavernous aneurysm (C). Her pupils were also noted to be
unequal, with a miotic pupil on the left side and mild ptosis (D). Following lopidine, the smaller left pupil now is larger, indicating hyper-

sensitivity on the left (E). Comment: This is an example of a combined left sixth nerve and Horner syndrome secondary to a carotid artery
aneurysm. The pattern of deviation is easily appreciated on the Hess screen.
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substantial change in their symptomatology. Nonetheless,
variations of pituitary apoplexy still do occur, and the sud-
den onset of multiple cranial nerve palsies and afferent
system dysfunction should bring that to mind.

Adnexal Assessment

Adnexal assessment is addressed by measuring the palpe-
bral fissure opening, usually with a millimeter ruler (Fig.
5.16). Upper lid range gives a clue to the function of the
levator muscle and Miiller’s muscle (Fig. 5.17 A,B). The
presence of ptosis can be quantitated by measuring the
distance between the center light reflex on the cornea and
the upper lid margin. This median reflex distance (MRD;
Fig. 5.18) decreases in patients with ptosis, or lid droop,
and increases in patients with lid retraction. The presence
of pathology within the orbit may be suspected by widen-
ing of the palpebral fissure, clear evidence of the eye bulg-
ing, or more quantitative evidence of relative proptosis or
exophthalmos. An additional qualitative assessment may
simply be obtained by looking over the patient’s forehead
for evidence of increased prominence of the globe. Hertel
measurements are used to quantitatively assess the dis-
tance from the orbital rim to the corneal plane (Fig. 5.19).
Although the range for normal patients has been published
(varying by population), far more valuable is the symme-
try expected between the two sides. More than 2 mm of
difference between the two eyes usually calls for an ex-
planation. A previous history of trauma, inflammation, or

;_f P
A i

Fig. 5.15 This 62-year-old man presented in May of 2002 with a
3-week history of double vision. His acuity was 20/20 and 20/25
with 3-point near vision and full visual fields, but he had complete
ptosis OS. Although there was no afferent pupillary defect, the pu-
pil on the left was dilated to 5.5 mm and was nonreactive. His mo-
tility demonstrated essentially absent adduction, elevation, and
depression on the left (A). His motility problem was confirmed on
the Hess screen (B). MRl demonstrated a mass in the sella and left
cavernous sinus (C), which proved to be metastatic adenocarci-
noma. Comment: The Hess screen demonstrates the pattern of
a left third nerve palsy, with the primary deviation on the left and
the secondary overaction on the right.

orbital tumors should be sought before it is assumed that
this is related to intraorbital extension of parasellar pathol-
ogy. Proptosis that varies, particularly induced by Valsalva
maneuver or bending forward, usually indicates a vascular
anomaly such as a venous varix. Rarely, pulsations of the
eye may be seen with loss of the bony confines of the orbit.
This may be related to previous surgery but can occur with
congenital, neoplastic, or vascular anomalies eroding the
bone. Vascular abnormalities including carotid cavernous
fistulae may also cause pulsations.

One other clue to the presence of pathology involving the
orbit itself may be obtained by balloting the eye. Resistance
to retropulsion usually indicates pathology within the or-
bit. This is particularly useful when there is asymmetry
between the two sides. In addition to axial displacement
of the globe forward, the globe may be displaced inferi-
orly (dystopia) or in or out relative to the distance from the
midline of the nose. This may indicate the origin of pathol-
ogy affecting the globe and other adnexal structures. Dis-
placement inferiorly usually indicates involvement of the
orbit through the roof (Fig. 5.1). Displacement of the globe
medially would indicate a more central skull base patholo-
gy, often entering the orbit through the ethmoid sinus and
medial wall. Involvement of the lateral wing of the sphe-
noid can produce both axial proptosis and displacement of
the globe medially or inferiorly. Rarely, masses may actu-
ally be palpated within the orbit.

The anterior segment, including the conjunctiva, cor-
nea, iris, anterior chamber, and lens, is best evaluated at
the slit lamp. Although a penlight may be helpful, the slit
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Fig. 5.16 A millimeter ruler can be used to measure the palpebral
fissure opening.

lamp offers binocular magnification as well as oblique and
transillumination (useful for detecting old inflammation).
The pupils should be examined for irregularity and sym-
metry. If the pupils are unequal, they should be recorded
in the light and dark. If the difference is greater in light,
then the larger pupil is not constricting. Assuming there
are no pharmacologic (red top dilating drops), inflamma-
tory, or traumatic causes, one must distinguish between
Adie’s pupil (postganglionic parasympathetic dysfunction,
usually after viral infection or trauma, with vermiform iris
movements, light-near dissociation, and tonic redilatation)
and third nerve dysfunction, which should be associated
with abnormal eye movements. If the pupillary difference
is greater in the dark, then the smaller pupil is not dilating
(Fig. 5.20). Both third nerve palsy and Horner syndrome
are common symptoms of parasellar pathology affecting
the cavernous sinus. A subtle dilation delay may be seen
on serial photographs of the pupils taken after shutting
off the lights as a sign of sympathetic dysfunction (Horner
syndrome).®® Horner syndrome may be confirmed by a
lack of dilation to cocaine drops or by reversal of aniso-
coria following apraclonidine (Iopidine) drops (Figs. 5.14
and 5.20). Paredrine drops will dilate the pupil of a patient
with a first- or second-order Horner syndrome (brainstem,
neck, or lung apex), but not a third-order Horner syndrome
(seen with parasellar disease). The larger pupil due to a
third nerve palsy should react to 1% pilocarpine, whereas a
pharmacologically dilated pupil will not.

Two additional critical items in adnexal assessment in-
clude evaluation of the fifth cranial nerve and lid closure.
Sensation should be checked qualitatively simply by asking
the patient to compare sensation in the three divisions of
the distribution of the trigeminal nerve. More quantitative
assessment can be obtained with an esthesiometer (Fig.

Fig. 5.18 The marginal reflex distance (MRD) is measured from the
central corneal reflex to the upper lid margin. If this is less than 4 to
5 mm, there is evidence of ptosis.

ed

Fig. 5.17 The upper lid range is the measurement between the lid
position while the patient is looking up (A) and its changed position
when the patient is looking down (B). The frontalis muscle should be
splinted to more accurately measure levator function.

5.21), measuring corneal sensitivity. This may be particu-
larly useful in potentially progressive lesions affecting the
first division of the fifth nerve, resulting in corneal hyp-
esthesia. A second critical function is that of lid closure.
Although lid closure may be affected by proptosis alone,
most of the time, marked problems with lid closure are
secondary to weakness in the orbicularis muscle. Neuro-
muscular transmission deficits should always be consid-
ered, as should primary involvement of the orbicularis
muscle itself (mitochondrial myopathy, as seen in patients
with chronic progressive external ophthalmoplegia). Most
weakness of lid closure, including decreased blinks and in-
complete blinks, is related to facial nerve weakness. The
presence of facial nerve paresis in the setting of suspected

Fig. 5.19 The Hertel exophthalmometer measures the relative dis-
tance between the lateral orbital rim and the plane of the cornea. A
difference of more than 2 mm suggests either proptosis (exophthal-
mos) on one side or enophthalmos on the other.
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Fig. 5.20 This 50-year-old patient presented without visual complaints but was noted to have asymmetric pupils with mild ptosis on the left
side. External photographs reveal mild ptosis and anisocoria with miosis OS (A). Her past medical history was remarkable for a squamous cell
mass involving her throat, and she had been treated 2 years earlier with 60 Gy of radiation therapy. CT of her neck revealed evidence of acceler-
ated atherosclerosis of the left common carotid artery at the level of C6-7, undoubtedly related to her previous radiation therapy (B). lopidine
drops reversed the anisocoria, with a larger pupil on the left side now indicative of hypersensitivity following sympathetic denervation (C).

Fig. 5.21 The esthesiometer may be used to
quantitatively assess corneal sensitivity.
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parasellar pathology would indicate much more extensive
involvement or more than a single lesion.

The presence of facial nerve weakness combined with
sensory loss has a particularly worrisome implication
and needs to be recognized early in the care of patients
with parasellar pathology. These patients are likely to
develop problems with neurotrophic keratitis, resulting
in corneal epithelial breakdown and potentially corneal
infection and melt. Primary loss of sensation that is pro-
gressive often indicates neurotrophic spread of a skin
cancer along the trigeminal nerve. This is particularly
common in patients with squamous cell carcinoma and
adenoid cystic carcinoma. Extension usually goes back to
the cavernous sinus, with motility problems following
the loss of sensation.

Overaction of the orbicularis may occur in four settings.
Most common is blepharospasm, in which increased lid
closure bilaterally is often associated with other orofacial
movements (Meige syndrome). Hemifacial spasm is usu-
ally unilateral and is associated with compression of the
root exit zone of the facial nerve. Quivering movements
of the face are seen with both facial myokymia (often due
to intra-axial pathology such as multiple sclerosis) and
benign facial fasciculations. Accompanying facial weak-
ness is usually a sign of significant disease. Occasionally,
the patient cannot initiate lid opening (apraxia of lid
opening).

An additional adenxal problem associated with parasel-
lar lesions is that of alteration in tear production. Baseline
tear production can be assessed by measuring the wetting
of a filter strip (Schirmer’s test). Although most litera-
ture suggests that baseline tear secretion is unaffected by
pathologic denervation of the parasympathetics to the lac-
rimal gland, lesions affecting the parasympathetics often
result in at least mild reduction in baseline tear secretion
as measured by asymmetry in Schirmer’s test. Even more
importantly, surgical intervention can interrupt the para-
sympathetic pathways, resulting in decreased baseline tear
production.

Although the presence of lid retraction is most com-
monly seen with thyroid orbitopathy (less commonly with
Collier’s sign, seen with dorsal midbrain syndrome), one
important type of lid retraction occurs while the patients
attempt to look down and in. This is usually seen in pa-
tients with preceding third nerve palsy and indicates ab-
errant regeneration of the third nerve (Fig. 5.22). Fibers
that used to go to the medial rectus and inferior rectus are
now misdirected to the levator. Other signs of aberrant re-
generation include pupillary miosis on up and down gaze,
persistent co-contraction of the superior and inferior recti
(leading to restricted vertical movement), and adduction
with elevation and depression. The lid elevation with de-
pression and adduction is the most classic and obvious sign
of aberrant regeneration. In rare cases, a slowly expanding
parasellar lesion, such as a giant cavernous carotid aneu-
rysm or meningioma, may produce aberrant regeneration
without a history of an acute third nerve palsy. This form
of “primary aberrant regeneration” is very suggestive of a
slowly expanding parasellar lesion.”*”!

Relative enophthalmos is most commonly due to pre-
vious trauma, including blowout fractures of the orbit

or previous hemorrhage resulting in orbital fat atro-
phy. Chronic inflammation of the maxillary sinus can
result in enlargement of the orbit and enophthalmos
(so-called silent sinus syndrome). Metastatic breast
carcinoma often can produce shrinkage of the fat, re-
sulting in a combination of enophthalmos and restrict-
ed motility.

Enlargement of the greater wing of the sphenoid, fre-
quently related to meningioma, often presents with
proptosis. However, involvement of the orbit from any
direction, including through the superior orbital fissure,
from and through the roof with hyperostosis, and from the
sphenoid sinus and posterior ethmoids, can result in axial
displacement (proptosis) as well as dystopia, with the globe
displaced inferior or laterally, and less commonly medially
or superiorly.

& Rehabilitation

Rehabilitation of Afferent System Dysfunction

Ability to improve compromised optic nerve function
is limited. Unlike goldfish, which can regrow their optic
nerves, at this point we have limited options to influence
the recovery of optic nerve function. It should be point-
ed out that visual fields often will continue to improve
for periods of up to a year or more following surgical de-
compression of optic nerve or chiasmal compression (Fig.
5.23). This can be seen with gradual improvement in visual
field function in patients with pituitary tumors following
surgery.”?73 It is likely that this functional improvement is
separate from anatomic improvement because OCT thin-
ning and optic atrophy tend to remain (Fig. 5.23). It is
important to note that psychophysical functioning, elec-
trophysiologic studies, and anatomic studies such as OCT
and disc appearance, although paralleling each other, may
not always be exactly linked. This is particularly obvious in
patients with optic neuritis, whose central acuity and even
visual fields may return to normal despite clear evidence
of residual optic atrophy, OCT thinning, and electrophysi-
ologic abnormalities, including prolonged latency on visu-
al evoked potential. Thus, it is important to recognize that
each of these assessments of afferent visual system does
not replace the others.

Patients with visual impairment can be helped with
various low-vision aids. These may be low-tech, includ-
ing simple high-plus magnifiers that allow patients to see
small objects by holding them closer, or fairly sophisti-
cated magnification systems, including computer-driven
closed circuit TV monitors. Although substantial work is
being done on bionic replacement for dysfunctional af-
ferent visual pathways, at present this is strictly theoretic
and research-driven. Low-vision aids, however, can be very
useful if patients can define the exact function they would
like to improve. Although it is often impossible to resup-
ply visual acuity for some of the activities of daily living,
such as driving, reading can be helped, as can functioning
at particular defined distances.

Visual field defects also represent a substantial chal-
lenge. Although there have been attempts at encourag-
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Fig. 5.22 This 54-year-old woman was seen
in March of 2009 with mild persistent double
vision. On examination, she could see 20/20
bilaterally with 4-point and 3-point vision. Her
visual fields were full. She did, however, have
limitation in vertical gaze on the right and 1.5
mm of right ptosis, and when she looked down
and to the left, her right eyelid was elevated
(A). Hess screen confirmed limitation in verti-
cal (particularly up) gaze (B). Binocular single
vision fields demonstrated single vision when
she looked straight ahead but double when she
looked up or down (C). Eight months earlier, she
had acutely developed a severe headache. CT
revealed evidence of subarachnoid hemorrhage,
and CTA demonstrated a right posterior com-
municating artery aneurysm (D).
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Fig. 5.22 (Continued) This 54-year-old woman was
seen in March of 2009 with mild persistent double vi-
sion. On examination, she could see 20/20 bilaterally
with 4-point and 3-point vision. Her visual fields were
full. This was confirmed on angiography (E,F). She
was treated with coil embolization (G). Comment:
Aberrant regeneration is common following trau-
matic oculomotor palsies but is also not uncommon
following aneurysmal ophthalmoplegia. The most
common manifestation of aberrant regeneration of
the third nerve is lid elevation with attempted adduc

ing visual plasticity, it is unlikely that major field defects
can be bypassed. Practice with visual field defects, how-
ever, can markedly improve the ability to read. Simple
techniques such as orienting letters vertically, in the
case of patients with homonymous visual field defects,
can sometimes improve the ability to read,’*”> and the
use of simple tricks, such as leading the eye proprio-
ceptively with a finger or a ruler to find the next line,
can be helpful in the rehabilitation of patients with
marked visual field abnormalities. High-power prisms
have been used to try to bring objects into a seeing field
from a nonseeing field. This has limited applicability,
however, and it certainly should not be promised as a
way of restoring the ability to drive to patients with
dense homonymous visual field defects. They may oc-
casionally be useful to alert patients to events in their
nonseeing field.

tion and depression.

Efferent System Rehabilitation

It is usually not possible to restore normal ductions. In the
setting of restrictive strabismus, particularly after involve-
ment of the orbit by a tumor or by a surgical approach,
restrictive strabismus can be released by recessing the af-
fected fibrotic muscle. This, unfortunately, does not usually
improve ductions overall. In the setting of marked limita-
tion of ductions, something that may occur following pro-
longed complete involvement of the third cranial nerve or
more likely the sixth cranial nerve, in which the eye may
gradually drift into abduction or adduction, the eye can be
recentered with eye muscle surgery. This should be under-
taken only once there is stability. A more common chal-
lenge is the problem of double vision, seen in patients with
ocular malalignment. The most likely short-term solution
is simply to occlude one eye. Although this sometimes
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Fig. 5.23 These are the visual fields (A,B) of a 48-year-old woman who was referred with a 1-month history of decreasing vision. Visual acuity
when evaluated was 20/30 on the right and 8/200 on the left, with a 0.3 log unit afferent pupillary defect. Her funduscopic examination was
unremarkable, and optical coherence tomography (OCT) demonstrated a normal nerve fiber layer (C).
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Fig. 5.23 (Continued) MRI, however, revealed a su-
prasellar lesion compressing the chiasm and impact-
ing both optic nerves (D,E). Her past medical history
was remarkable for a 10-month history of polydipsia
and polyuria, a 7-month history of amenorrhea, and
a 1-month history of severe headaches, nausea, and
vomiting. Transsphenoidal surgery demonstrated a
craniopharyngioma, which was endoscopically de-
compressed. Follow-up visual fields 2 months later
revealed dramatic improvement in the bitemporal de-
fect (F,G), with visual acuity improving to 20/25 and
20/20. (Continued on page 106)
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Fig. 5.23 (Continued) Despite the improvement in her fields, her OCT demonstrated thinning of the nerve fiber layer nasally in both eyes (H).
Follow-up 6 months after that revealed further improvement in the bitemporal visual field defects (1,J), but with some residual optic atrophy
(K,L) and further thinning of the nerve fiber layer, worse on the left than the right (M).
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Fig. 5.23 (Continued) Follow-up 6 months after that revealed further improvement in the bitemporal visual field defects (1,]), but with some
residual optic atrophy (K,L) and further thinning of the nerve fiber layer, worse on the left than the right (M). Comment: The presence of a
normal nerve fiber layer when the patient was first evaluated suggested that the compression of the chiasm was relatively acute. Recent studies
suggest that this may be a good prognostic sign for improvement in both acuity and visual fields, as was the case here. Although acuity often
improves immediately following decompression, visual fields may take months or more to show improvement. Despite the field improvement,
however, she was left with residual optic atrophy and nerve fiber layer thinning.
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takes some getting used to, patients can function perfectly
well and can engage in most activities of daily living, in-
cluding driving, with a single eye. The chief challenge early
on is that of reaching for near objects because it is difficult
to judge near distances. The loss of stereopsis, however, is
usually not important for any distance substantially beyond
arm’s length. Even for objects close up, over time patients
learn to use monocular clues to more accurately judge dis-
tances. Although botulinum toxin (Botox) injections into
the muscle opposite to the involved muscle can result in
decreased contracture, it is unlikely that the patient will
achieve substantial functional realignment because the ef-
fects tend to be variable, and injection of the extraocular
muscles often results in inadvertent development of verti-
cal movement problems. Prisms are seldom useful in the
acute setting because most deviations secondary to ocular
motor nerve palsies are markedly incomitant, meaning the
deviation varies depending on where the patient is look-
ing. Sometimes, however, realignment is possible, at least
in primary position, and a second prism power in down
reading gaze may allow them to use both eyes together.

Over time, if the deviation does not clear or if we have
been unable to improve things, there is a natural ten-
dency for any residual deviation to become increasingly
comitant. This so-called spread of comitance is due to the
unequal innervation of the yoke muscles (violation of Her-
ing’s law). This change makes it easier to correct any re-
sidual deviation with the use of prisms, or possibly with
extraocular muscle surgery. It is imperative that patients
remain stable before any sort of surgical intervention is
considered. A minimum of 6 to 9 months is required be-
fore eye muscle surgery can be entertained. As mentioned,
Botox injection to the extraocular muscles is sometimes
useful, particularly to avoid contracture of shortening
muscles due to unopposed action. This is particularly true
in patients with complete sixth nerve palsies who develop
progressive esodeviation that can be at least partially re-
lieved or tempered by injecting the medial rectus muscle.
This can be accomplished under direct electromyographic
control; small doses of Botox can weaken the overacting
medial rectus, at least over the short run, and reduce or
mitigate further contracture. As mentioned, it is important
to undertake a quantitative assessment of ocular motility,
including quantitative use of a Maddox rod or cross-cover
testing with prisms or, better yet, use of the Hess screen
and binocular single vision fields to demonstrate stability,
before eye muscle surgery is considered.

Once the eye is stable, eye muscle surgery can be
planned, particularly with use of the Hess screen. It is usu-
ally impossible to improve the ductions of a limited eye
secondary to persistent residual cranial nerve palsy. This is
particularly true in patients who develop aberrant regen-
eration of the third nerve. In this, persistent co-contraction
of the superior and inferior rectus muscles limits vertical
excursion. As it is impossible to rewire the eye, the only
way of increasing binocularity is to limit the movement of
the better-moving eye. Although this takes some explain-
ing to the patient and family, it is possible to increase the
area of binocularity and reduce diplopia. This is best ac-
complished through the use of posterior fixation sutures
(Faden procedure), in which a combination of recessing the

muscle and adding sutures placed well posteriorly limits
the overall excursion of the better-moving eye (Fig. 5.24).
Again, it is essential to make sure the eye is stable before
this sort of intervention is considered.

In the setting of a complete sixth nerve palsy, to pro-
vide a tonic abducting force, a transposition procedure
can be accomplished, moving the superior and inferior
rectus muscles to the insertion of the lateral (Fig. 5.25).
This may be done as a full-thickness transposition or as
a partial-thickness transposition, which may potentially
spare some of the circulation to the anterior segment. The
presence of pulleys controlling the position of the mus-
cles’® limits the extent of transposition, and an important
recent modification of this technique involves the use
of posterior fixation sutures along the area of the globe
equator. This moves the effectiveness of the transposi-
tion more posteriorly and results in a greater abducting
effect than does a simple transposition procedure alone.
This so-called Foster modification is part of the routine
in moving the eye out following a complete sixth nerve
palsy. A similar procedure may be used in the absence
of elevation (double elevator palsy), in which the medial
and lateral rectus muscles are moved superiorly to act as
elevators. The pulley system controlling the extraocular
muscles again limits the amount of transposition possible.
Decisions about the type of extraocular muscle surgery
usually depend on whether or not the defect is complete.
In the setting of a complete sixth nerve palsy, the usual
sequence would be to perform a transposition procedure
to give some tonic abduction to the eye, followed by limit-
ing procedures on the opposite yoke muscle (the medial
rectus in the opposite eye). In the setting of an incomplete
sixth nerve palsy, weakening of the medial rectus in the
opposite eye, which would include a recession procedure
and Faden operation, would be the primary surgical in-
tervention. This can later be fine-tuned by a recession and
resection of the various muscles on the involved side to
move the eye into better alignment. It is also important to
recognize that any subtle residual defect can be managed
with prism in glasses, although ground-in prism is limited
to approximately 6 degrees of malalignment (12 diopters
of ground-in prism). Although larger Fresnel prisms may
be applied to the glasses, these usually degrade acuity by
blurring visual function. They are often not tolerated for
lengths of time but can be tried as a temporary measure.

Adnexal Rehabilitation

Probably the most important aspect of adnexal rehabilita-
tion is to provide for adequate lid function. In the setting
of a seventh nerve palsy, it is critical to ensure lid closure
to avoid neuroparalytic keratitis. Short-term measures in-
clude aggressive lubrication, including ointment at night-
time, and potentially taping the eye at night. During the
day, adequate lubrication without blurring of the vision
can be obtained with semiviscous solutions such as Refresh
Liquigel and GenTeal Gel. Partial tarsorrhaphies or even
central tarsorrhaphies can protect the globe in the short
term if the patient has epithelial breakdown, particularly
in the setting of combined facial nerve palsy and trigemi-
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Fig. 5.24 In June of 2007 a 50-year-old woman was referred for diplopia. Her acuity and visual fields were normal, but she had evidence of an
abduction deficit on the left side (A) with an esotropia increasing on left gaze (B). Binocular single vision fields (C) confirmed diplopia on left
gaze. Seven months earlier, she had begun to have episodes of “voices in my head.” EEG demonstrated an epileptogenic focus, and MRI in April
had revealed a sphenoid wing meningioma (D,E). (Continued on page 110)
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Fig.5.24 (Continued) In June of 2007 a 50-year-old woman was referred for diplopia. One month later, she had undergone pterional craniotomy
and tumor resection. Repeat MRI demonstrated damage to the left lateral rectus muscle (F,G). One year later, when her motility failed to im-
prove spontaneously, she underwent a right medial rectus recession and Faden procedure. This limited the adduction on the right to match the
limited abduction on the left (H) and completely eliminated her double vision (1). Comment: With both paretic and restrictive causes of limita-
tion in motility, it is often impossible to improve ductions. Although the eye can be straightened in primary position to maximize binocularity,
surgery on the contralateral eye may be advisable.
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Fig. 5.25 This 48-year-old patient noted
some ringing in her ears, and MRI dem-
onstrated a parasellar right cavernous
meningioma. She underwent pterional
craniotomy and resection, which left her
with a right IV, V, and VI cranial nerve palsy.
Immediately following surgery, the abduc
tion deficit could be seen on her nine car-
dinal positions (A), and the Hess screen
(B) confirmed a problem with abduction.
There was no recovery of nerve VI, and by
4 months following surgery she had de-
veloped 50 diopters of right esotropia (C).
She was treated with injection of 5 units of
Botox into the right medial rectus muscle,
which resulted in a decrease in adduction
on the right (D) as well as some inadvertent
problems with down gaze on the right side,
but her right eye did not deviate out at all,
indicating that her nerve VI was still com-
plete. (Continued on page 112)
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Fig. 5.25 (Continued) This 48-year-old pa-
tient noted some ringing in her ears, and
MRI demonstrated a parasellar right cav-
ernous meningioma. She underwent pteri-
onal craniotomy and resection, which left
her with a right IV, V, and VI cranial nerve
palsy. As the Botox began to wear off, the
right eye began to drift back in (E). Botox
was reinjected into the right medial rectus
muscle, and the patient underwent a full
tendon transfer of the right superior and
right inferior rectus muscles to the origin
of the lateral rectus along with a poste-
rior fixation suture (Foster modification),
which substantially straightened her eye
(F). Seven months later, she had an area of
binocularity centrally, although she still had
double vision when she looked down, left,
or right (G,H).
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Fig. 5.25 (Continued) This 48-year-old patient noted some ringing in her ears, and MRI demonstrated a parasellar right cavernous
meningioma. She underwent pterional craniotomy and resection, which left her with a right 1V, V, and VI cranial nerve palsy. Seven
months later, she had an area of binocularity centrally, although she still had double vision when she looked down, left, or right
(G,H). This has remained stable (1), and when seen 30 months following her strabismus surgery, she still had an area of binocular-
ity centrally and was pleased with her ability to function (J,K). She was noted to have some redness in the right eye due to neuro-
trophic changes because of the loss of normal sensation. Comment: The patient was made functional here by muscle transposition
surgery. She remains at risk because of the lack of fifth nerve innervation and therefore can easily develop epithelial breakdown. It
is imperative that these patients be followed carefully.
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nal nerve palsy. Failure of seventh nerve function to recover
usually requires surgical intervention to help close the lid.
Although it is still possible to implant an elastic band (Arion
sling) or springs, the easiest way to help lid closure is with
gravity assist by implantation of a gold or platinum weight.
Although some weights can be applied externally, most of
these are usually implanted in a pretarsal or, less common-
ly, preseptal location. Although the preseptal implants are
less obvious cosmetically, they tend not to be as effective.
Some surgeons will use a single-size weight, but it is usual-
ly advisable to tailor the gold weight to the particular status
of the patient. [ prefer to implant the heaviest weight that
the patient can easily lift up, producing a minimal amount
of ptosis. The heavier the weight, the more likely are good
lid closure and eye protection. It is imperative to note that
patients who are otherwise compromised and therefore
supine in bed should never have a gold weight implanted
because they cannot sit up to allow gravity to have an ap-
propriate effect. In that setting, it is often better to simply
perform a tarsorrhaphy to protect the eye.

¢ Exacerbation of Ophthalmic Findings
Following Surgical Intervention

Because of the proximity of both the afferent and efferent vi-
sual pathways to lesions in the parasellar region, surgical in-
tervention, whether transsphenoidal or transcranial, carries
substantial risks for exacerbating existing or causing new
neuro-ophthalmic findings. It is often critical to have a base-
line examination before intervention because unrecognized
previous compromise related to the presence of tumors can
put patients at increased risk. Medicolegally, it is also nice to
know what is preexistent. As mentioned above, quantitative
assessment of both the afferent and efferent visual pathways
is paramount. The presence of OCT thinning or optic atrophy
may indicate previous optic nerve compromise, even when
central visual function and visual fields appear normal. Sub-
tle comitant deviations, including eso-, exo-, and hyperdevi-
ations, may be left over from previous cranial nerve palsies.
Fusional amplitudes may mask these. Preexisting motility
problems may also be unrecognized if the patients have poor
central vision or a previous history of strabismus, amblyopia,
or facultative suppression.

Transsphenoidal surgery has the potential for injuring
the optic nerve in its path through the lateral wall of the
sphenoid bone, or the chiasm and tract in their supra-
sellar location. Additionally, injury to the carotid artery
may produce secondary ischemic effects that may cause
central peripheral visual field defects or even a chiasmal
syndrome. Blood liberated into the subarachnoid space
can result in secondary vasospasm and related ischemic
changes. Following transsphenoidal surgery, infectious or
inflammatory conditions can affect the optic nerve and
chiasm. Overpacking the sphenoid sinus and sella can ac-
tually compress and elevate the optic nerves and chiasm,
producing additional or new visual field defects. Later her-
niation of the chiasm into an empty sella may also produce
delayed problems with visual exacerbation.

Worsening of extraocular motility following transsphe-
noidal surgery usually implies involvement of the cavern-
ous sinus. As the ocular motor nerves run lateral to the

carotid artery, it is unusual to produce cavernous sinus
syndrome unless there is aggressive manipulation, hemor-
rhage, vasospasm, or vascular compromise. It is even less
likely that the orbital structures themselves may be injured
during transsphenoidal surgery, although the orbit may be
entered if the surgeon becomes disoriented laterally.

The potential for injury of the afferent and efferent visual
pathways with transcranial surgery depends on the ap-
proach. A transfrontal approach can result in injury to the
optic nerves and chiasm and frequently cause problems
with the olfactory nerve. A pterional approach can injure
the optic nerve, particularly during a takedown of the ante-
rior clinoid (especially if this is done extradurally). Aggres-
sive surgery in the area of the cavernous sinus, of course,
can result in compromise of the third, fourth, and sixth cra-
nial nerves, but also the fifth nerve, producing neurotrophic
problems (Fig. 5.25). Aggressive retraction of the scalp flap
can injure branches of the seventh nerve, and although this
usually causes brow ptosis alone, it can theoretically com-
promise lid closure. The burr hole placed at the pterion can
be misdirected into the orbit, producing damage to the supe-
rior rectus and levator muscles (resulting in ptosis and dip-
lopia), or to the lateral rectus (Fig. 5.24). Overly aggressive
retraction of the temporal lobe during a pterional approach
can produce secondary ischemia and infarction, compro-
mising the visual pathways within the temporal lobe and
resulting in homonymous hemianopsia, usually superior
and incongruous, secondary to involvement of Meyer’s loop.

Radiation therapy can result in delayed radiation optic
neuropathy, usually appearing 6 months to 2 years following
fractionated radiation therapy. This often presents with the
sudden onset of altitudinal visual field loss followed by cen-
tral acuity loss. Magnetic resonance imaging (MRI) findings
include enhancement of the optic nerve extending to the
chiasm. Radiosurgery with the gamma knife, Cyber Knife,
or modified linear accelerators (LINAC) may result in acute
necrosis, which can involve the optic nerve, chiasm, or optic
radiations in the temporal lobe.”” Stereotactic radiosurgery
that encompasses the cavernous sinus has a small but not
insignificant incidence of worsening of ocular motor palsies.

4 Conclusion

The neuro-ophthalmic evaluation is an essential part of
the assessment of any patient suspected of having a para-
sellar lesion. Although there is a tendency to believe that
the clinical evaluation has been replaced by imaging, it is
usually the examination that leads to appropriate imaging,
and it clearly is quantitative assessment in the evaluation
that will determine whether or not lesions are changing
(natural history), even when the imaging studies remain
the same. This can be an important indicator for interven-
tion and may also be used to follow patients after interven-
tion to determine whether that intervention, be it medical
treatment, surgery, or radiation, has been effective. The
psychophysical testing of the neuro-ophthalmic evalua-
tion is far better attuned to what our patients experience
than any of the radiologic or anatomic studies that may
indicate disease. As such, determining what our patients
see and how their eyes move and function is a critical part
at all stages in following those with parasellar pathology.
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¢ Appendix I: The Neuro-ophthalmic Examination for the Neurosurgeon

Assessment of the Afferent System
Snellen Acuity

Requirements: Snellen chart, good lighting, patient’s refrac-
tive correction for distance, pinhole if no refractive correc-
tion is available. If a refractionist is available, this should be
used in the absence of glasses.

Testing points: Test each eye separately, making sure that
the opposite eye is occluded. Encourage patients to guess.
Ensure adequate lighting. Watch out for the ability to read
only the last letters because this may indicate a visual field
defect. Use a 200 E (Fig. 5.26) to quantitate acuity less than
20/400, reporting the distance at which the patient can see
the direction in which the E is pointed. Patients should be
allowed to hold the E in any position they like (make sure
the opposite eye is covered) to avoid visual field defects.
Test patients who cannot see the 200 E at any distance for
“hand motion”; determine the direction in which the tes-
ter’s hand is moving. If hand motion is not present, deter-
mine if the patient can perceive light (“light perception”)
and its direction (“with projection”).

Near Vision

Requirements: Use of a near chart (Fig. 5.7), near refractive
correction (or add), measurement of distance at which the
card is held.

Testing points: Make sure each eye is tested separately.
Make sure the patient is wearing appropriate near cor-

Fig.5.26 A 200 optotype E (9 cmin size) can be held at the farthest
distance at which the patient can identify the direction in which the
E is pointed. Ideally, patients will hold the card themselves. This per-
mits quantitative assessment of acuity of less than 20/400, and is
more quantitative and reproducible than “count fingers.”

rection. Allow patients to hold the reading material at
the distance at which they see most clearly. Measure the
distance to the near chart. Record the near acuity in the
point system. If no correction is available, have a plus
lens (usually +2.50 to +3.50) to put in front of the pa-
tient’s eye to ensure that the patient is adequately cor-
rected for near.

Adjunctive Macular Function Tests

Color Vision

Requirements: Commercially available (Ishihara AO pseu-
doisochromatic plates) color vision plates are designed
to test for congenital red-green color blindness (8% of the
male population). Subtle reduction in color vision can be
determined with quantitative color testing by using the
American Optical Hardy-Rand-Ritter (AO-HRR) plates, the
100 hue test, or the desaturated D-15 test. Other color tests
are available.

Testing points: Subtle washout of colors can be recorded as
a substitute if formal color vision testing is not available
by comparing colored (usually red) test objects (Fig. 5.27).

Fig. 5.27 Subtle optic nerve dysfunction may be appreciated as
dimming or desaturation of a red test object. This is particularly
useful for comparing the two eyes and may also be used to pick up
subtle visual field defects by comparing red test objects across the
vertical midline.
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Contrast Sensitivity

Requirements: Special contrast sensitivity testing, includ-
ing the Vistech system, sinusoidal gradings, and Pelli-Rob-
son charts. Adequate lighting and appropriate refractive
correction are critical.”®

Testing points: Subtle abnormalities in contrast sensitivity
may be detected following previous damage to the optic
nerves even when Snellen acuity is normal.

Stereo Acuity

Requirements: Stereo testing can be done with the Titmus
test and Randot test; usually, polarized glasses are used
(Fig. 5.28). Fusion and fusional amplitudes can be mea-
sured with an amblyoscope.

Testing points: The presence of normal stereopsis indicates
that both maculae are working well. This is a triple check
on the previous Snellen vision and near vision.”

Visual Field Testing

Requirements: Central scotomas in particular can be picked
up on Amsler grid testing (Fig. 5.29), in which patients are
given a grid and asked to look at the center dot and de-
scribe whether parts of the grid are missing. A response of
distortion of the lines is particularly seen in patients with
macular disease. Qualitative perimetry may include Amsler
grid testing and confrontation testing (Fig. 5.28), in which
fingers are counted (one, two, or five) at an equal distance
from the patient, allowing the observer to compare his or
her own field with the patient’s field.®° This should be done
monocularly. A moving or waving target can also be used
to pick up dense defects. The visual fields of patients who
are confined to bed may be tested by projecting a target
with a laser pointer on the ceiling. This can be presented
statically (on/off) or kinetically (moving from periphery to
the center). Semiquantitative testing may be obtained by

using a tangent screen on which variously sized test ob-
jects are moved from nonseeing to seeing kinetically or
presented statically by flipping them over. Comparison
testing across the vertical midline, particularly of red test
objects, may pick up subtle desaturation. This can also be
used across the nasal horizontal midline. Simultaneous
appearance in both hemifields can pick up subtle neglect
due to higher cortical dysfunction. Quantitative visual field
testing usually involves dedicated apparatus, either kinetic
(Goldmann bowl perimeter) or static (Humphrey, Octopus
automated static perimetry). Because of longer time and
duration, static perimetry in particular is often concentrat-
ed centrally, although peripheral testing is possible when
indicated.

Testing points: Visual field testing is required to assess
extrafoveal function. Three anatomic correlates of vi-
sual fields emphasize the importance of testing centrally
across the nasal horizontal midline and across the vertical
midline.

1. The small fibers responsible for central vision are
partially sensitive to macular disease and certain
optic neuropathies, particularly metabolic, heredi-
tary, toxic, compressive, or inflammatory etiologies.
Thus, these lesions (including compressive lesions)
tend to cause central scotomas. Most central scoto-
mas are related to macular disease.

2. The disc is located nasal to the fovea (arcuate
visual field defects are an indicator of optic nerve
pathology).%!

3. The visual pathways segregate left and right in-
formation at the chiasm (visual field defects that
respect the vertical midline indicate chiasmal and
retrochiasmal involvement).

Therefore, all visual field tests should be designed to detect
central scotomas, field defects that respect the nasal hori-

Fig. 5.28 The Titmus test can be used to
detect stereoacuity. Normal stereopsis re-
quires bilaterally good acuity. Stereoacuity
may be absent in the setting of amblyopia,
strabismus, or monofixation syndrome.
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Fig. 5.29 An Amsler grid is very useful for picking up subtle distor-
tion, which may be seen with macular disease, but it may also detect
early visual field abnormalities, particularly if the patient is asked to
compare parts of the grid across the vertical and nasal horizontal
midline.

zontal midline, and field defects that respect the vertical
midline. Visual field testing should be thought of as quali-
tative (looking to detect the presence of an abnormality in
the visual field) versus quantitative (looking for how much
of a visual field defect there is). Field testing is divided
into kinetic perimetry, in which a fixed-intensity target
is moved from areas of nonseeing to areas of seeing, and
static, in which a fixed location is tested with an increas-
ingly intense stimulus.

Assessment of the Pupil

Requirements: Fixation target so that accommodation does
not change (patient should be instructed to fixate on a
distant target, not just a light or “my nose”). An external
camera can document pupil size in varying illumination.
A bright light (not enough to produce an aversive response
but bright enough to ensure adequate pupillary reactivity),
such as a muscle light or indirect ophthalmoscope, should
be used. A pupil gauge or ruler can quantitatively mea-
sure pupil size. A neutral-density filter bar can be placed
in front of the better-functioning eye to grade an afferent
pupillary defect (Fig. 5.9).

Testing points:

1. Pupils should be examined in both light and dark
with a pupil gauge or millimeter ruler; the exam-
iner should look for subtle asymmetry in pupil size.
Subtle asymmetry is common (essential anisocoria
may occur in >50% of the population when a 0.2- to
0.3-mm difference is looked for).

2. Anisocoria that increases in the dark usually
indicates that the smaller pupil is not dilating and
may be an indicator to check locally for inflamma-
tion, and also for Horner syndrome.® Anisocoria
that increases in the light suggests that the larger
pupil is not constricting and usually is an indicator
to check both locally for evidence of inflammation,
synechiae (best seen by slit lamp), a history of the
use of eye drops, and also the possibility of motility
disturbance that would parallel a third nerve palsy.
Vermiform movements of the iris (best seen at the
slit lamp) may indicate an old Adie syndrome due
to involvement of the ciliary ganglion.

3. Inatest for an afferent pupillary defect, patients
should fixate an accommodative distance target. The
examiner should move the bright test light quickly
from one eye to the opposite eye, looking for initial
contraction and release. Any asymmetry can be
quantitated further by placing neutral-density filters
in front of the better-reacting pupil.*® Important
point: An afferent pupillary defect may be detected
even when only one pupil is working.

4. Pupils that do not react to light should be tested for
response to a near target accommodation. Light-near
dissociation may be seen in patients with any of the
following: previous laser treatment of the eye, Adie
syndrome (due to pathology affecting the ciliary
ganglion), complete optic neuropathies in which they
still retain pupillary response when given a proprio-
ceptive near target, or dorsal midbrain pathology.

Assessment of the Efferent System

Ocular Motor Stability

Requirements: A direct ophthalmoscope (Fig. 5.11) is a
very sensitive means of assessing stability of the eyes in
primary and eccentric gaze.>> More quantitative analysis of
eye stability, as well as spontaneous and voluntary move-
ments, can be obtained with infrared tracking, video mon-
itoring, EOG, or electromagnetic coil recording.>

Testing points:

1. Eyes should be examined for stability in primary
position. Spontaneous eye movements may indicate
underlying pathology affecting the ocular motor
pathways. Small conjugate refixation movements
are normal (square wave jerks). An increase in their
amplitude (better seen on funduscopic examina-
tion with a direct ophthalmoscope) may indicate
cerebellar pathology. Tendencies for the eyes to
spontaneously drift in a conjugate direction may be
a sign of congenital nystagmus but also may develop
following asymmetric vestibular pathology. Stabil-
ity in primary position but drift back to the center
when the patient looks eccentrically usually indi-
cates pathology affecting the neural integrator (gaze
paretic nystagmus). This can be best seen during
subtle movement of the eye following dilation by
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using a direct ophthalmoscope but is often picked up
easily simply by direct observation. Neural integrator
pathology may be seen with intoxication, antiseizure
medications, sedatives, and metabolic abnormalities.

2. Quantitative assessment may be obtained with
ocular motor recordings that use infrared tracking,
EOG, or ocular search coil technology.

Assessment of Ocular Motor Systems

Requirements: Observation is usually adequate for qualita-
tive assessment. Ocular motor recording with video, infra-
red tracking, EOG, or search coil technology will permit
more quantitative analysis.

Testing points:

1. The vestibular ocular reflex may be tested by view-
ing the disc while rotating the patient in the dark.
If the disc moves off fixation, the vestibular ocular
reflex gain has been affected. Subtle abnormali-
ties in vestibular ocular reserve may be detected
by having patients shake their head from side to
side in the dark and open their eyes while the
examiner observes the disc for a drift to one side.
Drift induced by head shaking suggests asymmetric
vestibular reserve, often seen in patients with old
vestibular pathology (eg, acoustic neurinoma).

Fig. 5.30 Subtle abnormalities in the pursuit system may be de-
tected by rotating patients while observing their ability to maintain
fixation on their thumb.

2. The saccadic system may be tested by having
patients move their eyes from one target to an-
other.?? Characteristics of normal saccades include
latency (usually 250 milliseconds between when
the patient is instructed to move and the move-
ment), velocity (which can be estimated by simply
looking at the saccades [the larger the saccade, the
faster the peak velocity] or quantitatively by ocular
motor recording), and accuracy (whether or not the
saccades reach their target). If they undershoot and
drift in (glissade) or overshoot and then achieve
alignment by a second saccade, the saccades are
said to be dysmetric. Saccadic dysmetria suggests
cerebellar pathology. Problems with initiation of
saccades can be seen congenitally (ocular motor
apraxia) or with frontal lobe pathology. Slowing
of saccades is usually a sign of burst cell pathology
(paraneoplastic) but may also be seen with primary
muscle disease (chronic progressive external oph-
thalmoplegia, mitochondrial myopathy).

3. The pursuit system can be tested by having the
patient fixate a small accommodative target that
moves (should not be any faster than about 30
degrees per second). Another subtle means of test-
ing pursuit is to have patients fixate a thumb while
rotating in a chair (Fig. 5.30). As the vestibular
system would normally move their eyes in the op-
posite direction to which they are rotated, keeping
their eyes on the thumb indicates that the vestibu-
lar reflex can be canceled. This usually indicates
an intact pursuit system. Interruption by saccades
(“cogwheel pursuit”) suggests pathology affecting
the pursuit system somewhere between the middle
temporal gyrus and the pontine nuclei.

4. The convergence system can be tested by hav-
ing the patient look between a distant and a near
accommodative target. Failure of convergence
may be seen by the development of an exodevia-
tion at near. Lack of effort or cooperation may be
suspected if there is failure of miosis, which should
accompany convergence.

Assessment of Ocular Malalignment

Requirements: Qualitative malalignment?' may be directly
observed, noted by asymmetry of the corneal light reflex
(Hirshberg), or identified by dissociative testing (red glass,
Maddox rod; Fig. 5.12). Quantitative measurements may
be made with prisms or on an amblyoscope. Dissociative
tests such as the Maddox rod can be quantitated by add-
ing prisms. The Hess screen®' and binocular single vision
assessed with a Goldmann bowl can further quantitate
relative movements of the two eyes. Malalignment due to
restrictive pathology may be separated from paretic prob-
lems by forced duction testing (anesthetic, forceps, suction
cup®?83) or measurement of intraocular pressure in eccen-
tric gaze (pneumotonometer, Tonopen).

Testing points: Ductions can be assessed qualitatively by
determining whether the eye crosses midline and whether
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it reaches appropriate eccentric gaze. The easiest clue to an
abnormality in ductions is provided by asymmetric move-
ment of the eyes. Ductions can be further quantitated with
a linear ruler measurement, prisms, or most quantitatively
with a Goldmann bowl. Versions are movements of the eyes
relative to each other. They can be qualitatively noticed if
there is adducting or abducting delay or if one eye reaches
the desired position more quickly than the opposite eye.
This will also be seen as malalignment. Malalignment may
be measured qualitatively by using a red glass or a Maddox
rod test,”” or quantitatively by using a Hess screen®' and
cross-cover testing with prisms. Maddox rod permits easy
demonstration of incomitant deviations (does not distin-
guish between paretic and restrictive causes) and allows
critical identification of the direction of maximal deviation
and also of minimal deviation.

Adnexal Evaluation
Basic Adnexal Evaluation

Requirements: A ruler is critical for measurements of the
palpebral fissures (Fig. 5.16), upper lid range (Fig. 5.17),
and orbital symmetry. External photographs are very use-
ful for documenting adnexal anatomy. A Hertel apparatus
can be used to determine proptosis (Fig. 5.19). Sensation
can be qualitatively evaluated with a cotton tip or quanti-
tatively with an esthesiometer (Fig. 5.21). Sophisticated or-
bital evaluation can be done with an ultrasound (Fig. 5.2).

Testing points:

1. The patient’s face should be examined for symme-
try. Often, one eye is slightly higher than the other,
and this should be recorded.

2. The distance between the upper and lower lids
should be recorded bilaterally as the palpebral fis-
sure opening.

3. The distance from a light reflex in the center of the
pupil to the upper lid should be recorded as the
marginal reflex distance (Fig. 5.18).

4. Excess skin on the upper lid may be recognized
as dermatochalasis, which can become clinically
significant if it droops over the lid margin.

5. Normally, the lids will cross the limbus both su-
periorly and inferiorly. Being able to see the sclera
between the limbus of the cornea and the lid indi-
cates lid retraction. This can be both superior and
inferior.

6. Levator function is recorded by splinting the fron-
talis muscle and having the patient look way up
and way down.

7. Relative proptosis can be seen qualitatively by look-
ing over the patient’s forehead and quantitated by
using a Hertel apparatus.

8. Facial sensation should always be checked, with the
examiner looking for symmetry.

9. Blinks should be assessed for both frequency and
completeness. Patients who have incomplete
blinks should be examined for their ability to close

completely. Failure to close completely (lagoph-
thalmos) is often associated with corneal exposure
problems.

10. Orbicularis strength can be qualitatively assessed
and the two sides compared.

11. Spontaneous movement of the face (blepharo-
spasm, hemifacial spasm, facial myokymia, benign
facial fasciculations) may also be recorded.

Adjunctive Adnexal Assessment

Requirements: High-tech equipment for examining the or-
bit and adnexal structures include a slit lamp, ultrasound,
OCT unit (for both anterior and posterior segment evalua-
tion), and fundus cameras.

Testing points:

1. Patients with pathology within the orbit may have
abnormal resistance to retropulsion. This is tested
by ballottement.

2. Auscultation of the orbit may also be obtained and
can demonstrate a bruit in the setting of a carotid
cavernous fistula.

3. The anterior segment may be assessed, ideally with
a slit lamp providing illumination from the side so
that the various levels of the globe can be evaluat-
ed. A pen light examination can reveal abnormali-
ties in the cornea, anterior chamber, iris, and lens.

4. Funduscopic examinations should concentrate on
the disc, macula, and posterior pole structures.
The disc should be evaluated for size and symme-
try, cupping, abnormal blood vessels, elevation or
hyperemia, hemorrhage, exudate, and the possible
presence of optic atrophy. The macula should be
evaluated for thickening, hemorrhage, and exu-
date. Vessels should be inspected for narrowing or
dilatation as well as tortuosity, anomalies, crossing
changes (where the artery crosses the vein), and
irregularities in the wall. Other posterior pole pa-
thology includes new vessels (neovascularization)
and obstruction of vessels, including Hollenhorst
plaques, loss of nerve fiber layer, inflammatory in-
fectious pathology, and various degrees of hemor-
rhage. Hemorrhage may be under the retina, in the
retina (flame-shaped or dot-blot), in front of the
retina (preretinal, subhyaloid), or in the vitreous
(Fig. 5.31). The retina may be elevated by trac-
tion (following trauma or related to diabetes) or
underlying fluid (rhegametogenous—due to a hole
or related to exudate). Mass lesions (inflammatory
or neoplastic) may be located in the choroid (sub-
retinal) or retina, or may extend into the vitreous.
Funduscopic evaluation can be greatly improved by
dilating the patient’s pupils. A nonmydriatic fundus
camera may also be a useful way of seeing the pos-
terior globe better.

5. Ultrasound may record the size of the extraocular
muscles and the possible presence of intraorbital
mass lesions.

119
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Fig. 5.31 This 52-year-old man presented with the acute onset of the “worst head-
ache of his life” and severe blurred vision. CT showed evidence of an aneurysm at the
skull base (A) in the distal vertebral artery with a dissection extending into the basilar
artery and subarachnoid hemorrhage. Funduscopic examination revealed evidence
of bilateral preretinal, interretinal, and subretinal hemorrhage related to an acute
increase in intracranial pressure (B,C). The patient’s Terson syndrome resolved over
6 months, with a return in visual acuity from the 20/400 when he was first seen to
20/30 and 20/40. Comment: Terson syndrome is vitreous hemorrhage associated with
a subarachnoid hemorrhage. Most cases occur in the setting of a ruptured intracranial
aneurysm. The hemorrhage may often clear spontaneously over weeks to months.
Those that fail to clear may be treated with vitrectomy.
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¢ Appendix I

Basics in Your Pocket

Direct ophthalmoscope (light, plus lenses)

Near card (can use as near accommodative target)
200 E

+3.00 lens

Pinhole

Ruler

Amsler grid

Red top dilating drops (tropicamide)

Maddox rod

Patient Supplies

Their glasses
Name of their eye doctor for old records

Your Neuro-ophthalmologist

Hertel

Optokinetic nystagmus (OKN) strip or drum
Neutral-density filter for quantitating an APD
External camera

Indirect ophthalmoscope

Portable slit lamp

Pressure measure (applanation tonometer,
Tonopen)
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Surgical Treatment of Pituitary

Adenomas

Soriya Motivala, Yakov Gologorsky, Joshua Bederson, and Kalmon D. Post

Pituitary adenomas are epithelial tumors arising from
the adenohypophysis that can manifest with neurologic
symptoms resulting from local mass effects or as a vari-
ety of clinical entities depending on the type of hormone
secreted. Pituitary adenomas comprise 10 to 15% of intra-
cranial tumors, although the incidence has been noted to
be as high as 24% in autopsy series. They are most com-
mon in the third and fourth decades of life and overall af-
fect both sexes equally. There are, however, differences in
frequency between the sexes for certain subtypes, such as
Cushing disease, which is more frequent in women; pro-
lactin-secreting adenomas, which are more common in
young women; and null cell adenomas, oncocytomas, and
gonadotropin-secreting adenomas, which are more com-
mon in men.

The classification of pituitary neoplasms has undergone
avariety of modifications over time, but they are now com-
monly stratified based on the hormone they secrete. Endo-
crinologically, they are considered either active or inactive
and are classified as active only if the amount of hormone
secreted leads to excessive levels in the blood and clinically
evident symptomatology. Inactive adenomas contain the
secretory and cellular components necessary for hormone
production, but they are not associated with clinical and
biochemical evidence of hormone excess. This functional
classification is now being further modified to incorporate
recent advances in molecular and immunohistochemical
staining in pituitary research.

The variability of pituitary neoplasms has engendered
the need for multiple algorithms of treatment dependent
upon the behavior of the classes of tumors themselves. In
this chapter, we discuss the indications for surgical treat-
ment as well as the surgical techniques available for the
major classifications of pituitary adenomas.

¢ Surgical Management of Cushing
Disease

Cushing disease is a life-shortening illness caused by hyper-
cortisolism secondary to an adrenocorticotropic hormone
(ACTH)-secreting pituitary adenoma. Pituitary surgery is
considered the treatment of choice in these cases, provid-
ing the greatest likelihood for remission of symptoms, al-

though results thus far have been less than perfect. Recent
advances in surgical strategy, endocrinologic assessment,
and adjuvant therapies have improved the ability to treat
this devastating disease.

The large majority of these tumors (89%)' are microad-
enomas (<1 cm in diameter) and can be difficult to local-
ize on imaging. In 25 to 45% of cases, magnetic resonance
imaging (MRI) does not demonstrate an identifiable neu-
rosurgical target despite biochemical confirmation of
pituitary-driven Cushing syndrome.? In cases in which
preoperative imaging is nondiagnostic, preoperative bilat-
eral inferior petrosal sinus sampling (IPSS) with cortico-
tropin-releasing hormone (CRH) stimulation may help to
identify the pituitary as the site of pathology. In experi-
enced hands, IPSS preceded by CRH stimulation can cor-
rectly lateralize a tumor in 83% of cases in which there
is an ACTH gradient of more than 1.4 pg/mL between the
two sides.?

In cases in which the lesion is not identifiable on MRI
or at the time of microsurgical exploration, the operating
surgeon may, depending on the severity of the patient’s
symptomatology and expressed desires, opt for hemihy-
pophysectomy in a small percentage of patients or, rarely,
complete hypophysectomy with the knowledge that such
measures can result in lifelong hypopituitarism requiring
hormone replacement and still may not result in remis-
sion. Hemihypophysectomy in these cases is usually guid-
ed by the results of preoperative IPSS, whereas complete
hypophysectomy is usually reserved for patients in whom
resolution of the hypercortisolemic state is an absolute
necessity.

Some surgeons recommend the use of an intraoperative
ultrasound device to aid in localization of the adenoma.
This author has not found it to be beneficial in our practice.?

We prefer the term remission to cure. In the setting of
Cushing disease, remission is defined as resolution of clini-
cal symptoms secondary to hypercortisolemia, biochemi-
cal confirmation of normal diurnal cortisol secretion levels,
and resumption of normal hypothalamic-pituitary-adrenal
function. Initial remission rates following surgery range
from 78 to 87% in experienced hands. However, relapse
rates of 7 to 11% have been reported following surgery.
(Long-term remission rates following surgery have been
reported as 42-86%.%)
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Owing to the relatively high rate of recurrence, much at-
tention in the literature has focused on immediate postop-
erative factors, which may predict long-term outcomes. In
some cases, ACTH and cortisol levels remain unchanged or
even may be seen to be elevated in the immediate 24-hour
period after surgery. This is most likely attributable to the
stress of surgery or anesthesia. However, with a few excep-
tions in which “late” remission has been documented, lev-
els that remain elevated beyond postoperative day 1 often
indicate surgical failure.

Cortisol levels that decrease to less than 2 to 3 ug/dL
within 24 to 72 hours after surgery usually indicate a bio-
chemical remission.® Simmons et al reported that a com-
parison of serum cortisol levels measured preoperatively
at midnight and ~30 hours after the operation offer the
most sensitive indication of long-term remission. With
these two measurements, a lower postoperative level of-
fers 95% sensitivity and a 95% positive predictive value
for remission up to 2 years following surgery.> They stress
that the administration of exogenous steroids in the im-
mediate postoperative period is unnecessary except in a
small percentage of patients with laboratory-documented
hypocortisolemia accompanied by symptoms of steroid
withdrawal. In fact, routine administration of postopera-
tive steroids often only delays accurate biochemical assess-
ment in the remaining majority of patients.

It is also this author’s practice not to routinely prescribe
perioperative steroids. Our algorithm requires that patients
be closely monitored for signs of addisonian symptoms for
2 days in the hospital, during which time serum cortisol
and ACTH levels are sent daily. Patients are subsequently
discharged on replacement therapy until the postopera-
tive results become available. If a patient exhibits signs of
hypocortisolemia while in the hospital, serum levels are
immediately drawn and replacement therapy is initiated
without delay.

Although they may be dramatically decreased from
preoperative values, 1-week postoperative serum cortisol
levels within the normal range are not predictive of remis-
sion. This finding in fact often signifies trauma to the ab-
normal ACTH-producing tissue that may eventually lead to
divergent outcomes of further necrosis and remission or
resumption of secretory activity. In one study of patients
with normal serum cortisol levels in the immediate post-
operative period, 29% went on to demonstrate long-term
remission, whereas 71% demonstrated recurrence from
2 to 4 years following surgery.” Another indication of vi-
able tumor cells in the immediate postoperative period is
a measurable response of serum ACTH level to CRH stimu-
lation. In a series of 82 patients, a normal or exaggerated
response predicted recurrence in 18% and 43%, respective-
ly, whereas an absent response can be a predictor of long-
term remission at 2-year follow-up.’

Macroadenomas are easier to identify on preoperative
imaging and localize intraoperatively. However, they por-
tend a worse prognosis and higher surgical failure rate than
microadenomas. In a series of 137 patients with micro-
adenomas at Massachusetts General Hospital, 123 (90%)
were cured with transsphenoidal surgery with or without
adjuvant therapy. This contrasts with a surgical cure rate
in 11 of 17 (65%) patients from the same series who har-

bored macroadenomas. The 5-year cure rates in this series
for patients with microadenomas versus macroadenomas
were 96% and 91%, respectively, whereas the 10-year cure
rates were 93% and 55%.!

Outcomes have not been found to correlate with the
presence of a lesion on preoperative imaging. Remission
rates after the initial surgical resection were found to be
79.3% in patients with a normal or inconclusive preopera-
tive MRI, compared with 82.3% of patients with MRI-iden-
tifiable adenomas (P = 1.0) in a retrospective review of 248
consecutive patients identified with Cushing disease.®

In many cases, histologically identifiable ACTH-secreting
adenomatous tissue is not seen postoperatively. Over the
years, there has been much debate as to the significance
of this finding. A recent study demonstrated that among
patients who underwent transsphenoidal resection for
Cushing disease, rates of remission for those with no his-
tologically identifiable tissue were 50%, compared with an
88% remission rate (P <0.001) for those with identifiable
pathologic tissue. This is likely due to incomplete extirpa-
tion and may necessitate more close observation and fol-
low-up of this particular subset of patients.’

Given the current data, coupled with our own experi-
ence, our philosophy has been to rely on the 24-hour uri-
nary free cortisol levels as well as the midnight salivary
cortisol levels. If those have been found to be abnormal,
confirming Cushing syndrome, then MRI with high-reso-
lution thin cuts through the pituitary sella is performed.
If an adenoma is identifiable on MRI, then we proceed to
transsphenoidal resection of the tumor. If an ACTH-im-
munostaining tumor is not found and cortisol and ACTH
values remain elevated, an IPSS study with CRH stimula-
tion is done to confirm the diagnosis of Cushing disease.
Conversely, if no lesion is seen on the initial MRI, then IPSS
studies are done to confirm that the pituitary is the cause
of the Cushing disease, as well as to suggest laterality in the
gland to help locate the adenoma. We request a 24-hour
urinary free cortisol level the day before the IPSS study to
ensure that the patient is not eucortisolemic at the time of
the IPSS study.

The indication for bilateral IPSS (BIPSS) in the preopera-
tive work-up of Cushing disease is controversial. Whereas
some centers perform BIPSS in all patients with presumed
Cushing disease before transsphenoidal surgery, others do
not. We studied this issue, and in our series BIPSS was per-
formed only in patients without a clear adenoma on MRI or
if biochemical testing was not fully consistent with Cush-
ing disease. The study, which was a retrospective analysis
of 187 adult patients (153 women, 34 men; mean age, 41
+ 13.8 years; range, 18-74 years) with presumed Cushing
disease, addressed whether the selective indication for BI-
PSS in the preoperative work-up of Cushing disease might
have affected the early postoperative remission. Early post-
operative remission required fasting serum cortisol levels
of less than 5 ng/dL and/or urine free cortisol excretion of
less than 50 pg/24h. One hundred patients (53.5%) under-
went BIPSS before transsphenoidal surgery. Ninety-one of
these had either a normal or an inconclusive MRI, and only
9 of the 87 patients with an adenoma on MRI had a BIPSS.
Of all patients, 175 (93.6%) showed an early postoperative
remission. Of the 100 patients with a preoperative BIPSS,
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94 (94%), and of the 87 patients without a BIPSS, 81 (93.1%)
had a postoperative remission. All patients without BIPSS
and no early remission had an ACTH-positive adenoma
on pathology, and therefore we suggested that the perfor-
mance of a BIPSS would not have changed the management
of these patients. In summary, 93.6% of all patients had an
early postoperative remission. The selective indication for
BIPSS in the preoperative work-up of Cushing disease did
not negatively affect the outcome and thus should be con-
sidered more broadly.?

Repeat Surgery

Patients who demonstrate elevated postoperative ACTH
and cortisol levels are candidates for attempted surgical
re-exploration. In addition, some authors advocate repeat
surgery in the immediate postoperative period when cor-
tisol levels are within the normal range, given the high
rate of recurrence. They argue that in early re-exploration,
the lack of scar formation and the surgeon’s acquaintance
with the surgical target facilitate access and resection. In
all cases of repeat surgery, the biochemical and radiologic
work-up must be rescrutinized and possibly repeated to
verify a pituitary origin of disease. Mandatory testing in
this setting includes IPSS for ACTH with CRH stimulation
if not previously performed. A small percentage of pa-
tients may in fact harbor an ectopic source of abnormal
ACTH-secreting cells, such as within the cavernous sinus,
that would not be amenable to repeat surgery.'® Notwith-
standing such cases, if no discrete adenoma is found at the
time of repeat exploration, the surgeon may opt for hemi-
hypophysectomy or complete hypophysectomy, as previ-
ously discussed. Remission rates following repeat surgery
for residual or recurrent disease range from 30 to 53%."!!
Hypopituitarism, as well as complications including infec-
tion and cerebrospinal fluid (CSF) leaks, are more common
following repeat surgery, most likely because of the ten-
dency to perform more aggressive procedures.

Surgical Technique

This author uses a wide transnasal transsphenoidal expo-
sure, opening from carotid canal to carotid canal (cavern-
ous sinus to cavernous sinus) with either a microscope or
endoscope technique. If the lesion was visible on the MR,
then we proceed to the area of the adenoma. If there was
no visible lesion on the MRI, then we start on the side
with the higher ACTH values on IPSS. Exploration begins
between the gland and the dura. If no tumor is visible be-
tween the gland and dura, we then incise into the gland
vertically on the suspected lateral wing of the gland (Fig.
6.1). If tumor is found, it is removed gently with the ring cu-
rettes and microdissectors. At this point, if the adenoma is
still not visible, a vertical incision is made into the opposite
lateral wing vertically. If adenoma is not identified, then a
horizontal incision is made across the lower third of the an-
terior surface of the gland and the depth of the gland is ex-
plored. If no tumor has been seen and the IPSS study shows
strong laterality, a hemihypophysectomy is done on that

Fig.6.1 Diagram of the incisions made into the pituitary gland dur-
ing an exploration for Cushing disease with a normal MRI.

side. If remission is not achieved after the first exploration
and testing is definitive for a pituitary etiology, a second
exploration is performed more vigorously, with the under-
standing that hypopituitarism may develop. If two surgical
procedures fail to yield remission, adjunctive therapy such
as stereotactic radiosurgery and/or medical therapy with
ketoconazole is recommended (Figs. 6.2 and 6.3).

¢ Surgical Management of Acromegaly

Acromegaly is a disease of chronic overproduction of
growth hormone (GH). In the child and preadolescent, ex-
cess GH leads to abnormally increased height and gigan-
tism as well as organomegaly. Once the epiphyseal plates
have closed, the manifestations are those of acromegaly.
The consequences of GH hypersecretion are numerous.
Bone and soft-tissue overgrowth is almost always present,
resulting in changes in shoe size and ring size and a coars-
ening of the facial features, with enlargement of the lips,
macroglossia, a prominent brow, prognathism, and in-
creased spaces between the teeth. A low voice is a product
of laryngeal hypertrophy. Patients often go on to develop
skeletal abnormalities secondary to new bone growth, in-
cluding vertebral body osteophyte formation leading to
spinal stenosis and bowing of the long bones. Overgrowth
contributes to a significant increase in weight and stress
on the joints, cartilaginous erosion, and severe osteo-
arthritis. More seriously, acromegaly causes numerous
cardiovascular complications, such as cardiomyopathy,
arrhythmias, and coronary artery disease. GH elevation
contributes to markedly increased rates of diabetes and
hypertension.

Mortality is significantly increased in patients with
untreated or uncured acromegaly. The goals of treatment
are control of GH and insulin-like growth factor 1 (IGF-1)
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Potential causes of failed surgery in patients with Cushing disease.

Incorrect preoperative diagnosis

» Syndrome of ectopic ACTH hypersecretion

» Corticotroph hyperplasia

* Pseudo-Cushing syndrome

» Ectopic pituitary adenoma (cavernous sinus, suprasellar, stalk)

Incomplete or failed tumor resection

* [nexperienced neurosurgeon
¢ Invasive disease

¢ Abnormal MRI, but not an adenoma

Fig.6.2 Potential causes of failed sur-
gery in patients with Cushing disease.

A logical approach to the postoperative evaluation of patients with suspected residual or

recurrent Cushing disease.

Confirm presence pathologic ACTH hypersecretion exists after surgery
Elevated urine free cortisol on 2-3 occasions
Abnormal diurnal variation in serum or salivary cortisol levels

Confirm preoperative diagnosis of ACTH-dependent hypercortisolism

Review data to determine if pathologic hypercortisolism was indeed present prior to surgery
Review preoperative MRI studies to determine if pituitary tumor was present

Review histopathology for evidence of ACTH-producing pituitary tumor
ACTH-immunopositive lesion?
Crooke’s hyaline change present?

Consider differential diagnosis
MRI to evaluate for pituitary tumor

Inferior petrosal sinus sampling with CRH stimulation if surgical pathology was negative

Fig. 6.3 Alogical approach to the postop-
erative evaluation of patients with suspect-
ed residual or recurrent Cushing disease.

levels, such that GH levels are less than 1 pg/L after an
oral glucose load and IGF-1 levels are normal, adjusted
for age and sex. The tumor mass needs to be removed or
significantly reduced, such that the optic nerves are free
of compression or impending threat of such.!? It is com-
mon for patients with acromegaly to require multimodal-
ity therapy.

Transsphenoidal microsurgery is the preferred primary
treatment for acromegaly, although rarely craniotomy may
be necessary in the case of certain tumors that have a sig-
nificant extrasellar or suprasellar component.'* Surgical

resection of the adenoma provides the greatest hope for
cure and is generally safe, with acceptable morbidity.'>

As one would expect, tumor size has clearly been shown
to influence the likelihood of remission. The success rate
for modern microadenoma resection alone ranges from
72 to 88% in this author’s series. Success rates for operat-
ing on macroadenomas are expectedly lower than those
for smaller tumors. Macrodenomas that are noninvasive
have modestly lower remission rates of 50 to 56%.'* Those
tumors found to be invading the cavernous sinus or sur-
rounding structures have a further reduced rate of remis-
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sion. Major decreases in remission exist when the tumor is
invasive and larger than 20 mm. GH levels may be predic-
tive of the likelihood of success. According to Shimon et al,
whereas patients with preoperative GH levels of less than
20 pg/L and 20 to 50 pg/L had cure rates of 90 and 79%, re-
spectively, those with GH levels of more than 50 ug/L were
cured at a rate of 16%.' Similar data by Freda et al found
90 and 80% cure rates for microadenomas and macroad-
enomas, respectively, when the preoperative GH level was
less than 10 pg/L; these fell to 55% for patients with GH
levels of of 30 to 50 ng/L. No patients were cured who had
a preoperative GH level of more than 200 ng/L.'” Because
GH levels rapidly fall following resection, while IGF-1 can
take a longer time to normalize, GH levels are routinely the
test of choice in the immediate postoperative period. Early
GH levels can be predictive of success or failure. There is
not a clear cutoff in the early postoperative laboratory re-
sults to define cure, but GH levels of less than 2 ug/L on the
first postoperative day have been found to correlate with
surgical success in 99% of patients.'® Accordingly, only 1 of
65 patients with a GH level of more than 2 pg/L on post-
operative day 1 was later determined to have biochemical
cure.'® Dural invasion and extrasellar extension of tumors
have been shown to be associated with persistent disease.

Patients with acromegaly usually present because of
their endocrinologic disturbances. Some patients, how-
ever, present with visual disturbances. The majority of
patients recover some degree of visual function follow-
ing transsphenoidal surgery. The recovery of visual func-
tion relates to the duration of optic nerve compression
and the ability to adequately decompress the nerves in
the operating room. As patients with acromegaly largely
have other symptoms as well, they are more likely to be
diagnosed at an earlier point in their disease. Nonetheless,
some patients do present with significant nerve compres-
sion and/or pituitary apoplexy leading to acute visual de-
terioration. In one study of patients with acromegaly and
optic nerve compression at the time of surgery, 75% had an
improved visual examination following transsphenoidal
decompression.>

There is a small subset of patients who will not present
until their elderly years. As many as 3 to 5% of patients
with acromegaly do not present until they are older than
65 years of age.'” Many clinicians are tempted to steer these
patients away from surgical resection because of the belief
that they are unable to handle the stresses of surgery. Min-
niti et al, in a series of 22 patients with acromegaly past
the age of 65, reported no significant perioperative mor-
bidity and no mortality due to transsphenoidal resection.
Sixty-eight percent of patients were reported cured based
on biochemical criteria and significant improvement in
cardiovascular function and glucose tolerance.'

Transsphenoidal surgery for GH-secreting tumors is very
safe. In general, the morbidity associated with surgical
resection of tumors in patients with acromegaly mirrors
that of surgery in patients with other tumors via the same
method. Anesthetic considerations may be somewhat dif-
ferent if there is significant airway compromise. The soft-
tissue, cartilaginous, and bony overgrowth associated with
the disease may contribute to a narrowed surgical corridor,
especially when a transnasal route is employed, making

instrument manipulation even more challenging. Another
consideration for surgical planning in these patients is the
significant narrowing of the inner borders of the carotid
sinus giving rise to a reduced intercarotid distance, which,
if neglected, may result in an increase in vascular injury.?
In experienced hands, major complications such as visual
impairment, severe meningitis, and death have been re-
ported in fewer than 2% of cases. CSF leaks, hypopituita-
rism, and diabetes insipidus have been reported in roughly
5% of postoperative patients. The risks of transsphenoidal
surgery as well as the likely rates of cure reported in this
chapter are predicated on the procedure being done by an
experienced surgeon.?'-24

Reoperation for acromegaly is a controversial subject.
Rates of surgical success in these patients have been his-
torically quite poor. Recent experience by dedicated pitu-
itary surgeons has been quoted as 44 to 76%.%> This can
most likely be attributed to extensive tumor involvement,
given that at the time of surgery 70 to 80% of tumors are
macroadenomas, which are less amenable to complete
surgical resection.?® The postoperative patient with per-
sistent disease is a complex clinical entity. There is much
controversy surrounding the ideal course of treatment af-
ter surgical failure. Goals of therapy are fourfold: to gain
biochemical control, reverse medical comorbidities and
risk for mortality, relieve signs and symptoms of the dis-
ease, and limit local tumor mass effects.?” Some patients
need reoperation for progressive visual deterioration. In
general, surgical re-exploration is reserved for those who
on follow-up demonstrate persistent compression of the
optic pathway or in whom residual tumor may have be-
come more surgically accessible over time. It has been
noted that patients undergoing reoperation for impair-
ment do not generally seem to garner as much visual im-
provement as those undergoing a primary operation with
the same complaint.

What defines recurrence of active acromegaly is a con-
fusing issue. As testing becomes more sensitive, more
patients are noted to have subtle signs of endocrinologic
laboratory abnormality. Some patients now considered
to have recurrence may just have had mild GH dysfunc-
tion that was not detected by earlier, less accurate tests.
We have previously reported on a subset of patients with
postoperative IGF-1 levels that normalized but failed to be
suppressed to less than 1 pg/L. Five of these 14 patients
later developed evidence of elevated IGF-1.2¢ This suggests
a group of patients with subtle endocrinologic dysfunction
who, although they have normal IGF-1 levels and hence are
technically in remission, probably still have some latent
disease. Although no intervention is considered necessary
provided the IGF-1 remains under control, this group may
benefit from closer monitoring.

The current treatment paradigm for acromegaly involves
a multidisciplinary approach (Fig. 6.4). It is incumbent on
the patient’s primary care doctor to notice the signs and
symptoms of the disease early and refer the patient for
definitive treatment. Success correlates with pretreat-
ment GH levels. To reduce the patient’s risk for mortality
to baseline levels, the IGF-1 level must be normalized and
the GH level suppressed to less than 1 ng/L following an
oral glucose tolerance test. Surgery offers the best possible
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Fig. 6.4 Coronal gadolinium-enhanced T1 MRI of a patient with
acromegaly. Even though adenoma may invade the left cavernous
sinus, transsphenoidal surgery would be the first treatment option.
Preoperative treatment with a somatostain analogue could be of-
fered but might not change the surgical outcome.

opportunity for cure. In experienced hands, cure rates for
patients with a microadenoma approach 90%; those with
larger and/or invasive tumors do not fare quite so well. Pa-
tients who do not have full normalization of their IGF-1 lev-
el postoperatively should be considered for further therapy
or reoperation. Reoperation can be considered, but rates of
cure are significantly lower than in the primary surgical
group. Medical therapy is successful in lowering GH and
IGF-1 levels and may be employed both presurgically and
postsurgically, but its effects are sustained only during the
course of administration. New, long-acting depot forms of
somatostatin analogues are available that offer equal effi-
cacy and longer dosing intervals. The newer GH antagonist
holds further promise in the medical armamentarium, but
patients’ GH levels can no longer be followed. Radiation is
a good treatment option for patients with uncured acro-
megaly following surgery. The cure is slow to develop, but
more than 50% of patients may achieve normalized IGF-
1 levels this way. Both radiation therapy and stereotactic
radiosurgery carry significant risks of panhypopituitarism
necessitating hormone therapy. Similar to the prolonged
time to cure, patients have a gradual onset of pituitary
hormone dysfunction, should it develop.

Surgical Technique
The incidence of difficult intubation in patients with acro-

megaly has been reported to vary from 10 to 30%.2°-3! Air-
way difficulty has been attributed to morphologic changes

produced by excess GH. These changes include progna-
thism, macroglossia, and thickening of the pharyngeal
and laryngeal soft tissue. Thickening of the vocal cords,
recurrent laryngeal nerve paralysis, narrowing of the cri-
coid arch, and hypertrophy of aryepiglottic and ventricular
folds have also been cited as causes of difficult intubation
in patients with acromegaly.*> Of our patients with acro-
megaly and a preoperative evaluation of a difficult airway,
61% proved to be difficult intraoperatively. Conversely,
91% of patients with GH-secreting tumors who required
three or more attempts at intubation were felt to have a
“difficult” airway preoperatively. Our 17.3% rate of difficult
intubation is well within the range of difficult airway in
acromegaly of 10 to 30% reported in the literature. Patients
with acromegaly were 4.4 times more difficult to intubate
than were patients with non-GH-secreting/non-ACTH-
secreting tumors. Although considered the gold standard,
fiberscopic intubation was only 85% successful in securing
the airway (Fig. 6.5).

Surgical techniques, whether via a microscopic or endo-
scopic venue, are the same as for other pituitary adenomas.
There is no need to explore the gland, as is necessary with
Cushing disease, because no patient whom we operate on
has a normal MRI. Because of the potentially narrowed dis-
tance between the carotid arteries, a micro Doppler probe
is often used before the dura is incised.

¢ Surgical Management of Prolactinomas

Prolactinomas are the most commonly diagnosed pitu-
itary adenomas, representing ~30% of cases.’® Rarely life-
threatening, they cause symptoms primarily as a result of
hyperprolactinemia, which in turn results in alterations
in reproductive and sexual function and may also cause
symptoms related to mass effect. This is the pituitary tu-
mor for which a reliably effective medical treatment is
most often available and that in most cases is the favored

Fig. 6.5 A patient with acromegaly being intubated with the Mc¢
Grath Series 5 video laryngoscope (Aircraft Medical, Edinburgh,
Scotland).
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primary therapy. Surgical treatment, however, has proved
to provide similar results as in other endocrine-secreting
adenomas and is applicable as the appropriate interven-
tion for prolactinomas in certain cases.

The treatment options available to a patient with a pro-
lactinoma include observation, medical therapy, surgical
therapy, and radiotherapy. The best treatment depends on
tumor size, prolactin level, clinical manifestations, toler-
ance of medical therapy, and the desire for fertility. Studies
have demonstrated that the vast majority of microprolac-
tinomas (<10 mm) do not increase in size. Additionally,
autopsy series have found the frequent occurrence of inci-
dental microprolactinomas. Based on this, if patients have
only mildly elevated prolactin, normal pituitary function,
no clinical symptoms, and no desire for pregnancy, obser-
vation with serial radiographic and endocrine evaluation
is reasonable.

Lactotropes are controlled by a negative dopaminergic
effect from the hypothalamus, and based on this, dopa-
mine agonists have become the standard medical therapy.
Dopamine agonists have been remarkably effective in both
reducing the size of the tumor and normalizing serum
prolactin levels below the accepted remission level of 20
ng/mL. Bromocriptine was the first of these medications,
but more recently others, such as cabergoline, quinagolide,
lisuride, pergolide mesylate, and terguride, are also used.
Dopamine agonists have been shown to have a high re-
sponse rate, with reports of normalization of prolactin in
70 to 80%, tumor shrinkage in 80 to 90%, and restoration
of ovulation in 80 to 90%.2* Based on these results, some
would argue that medical treatment should be used in all
patients except the few with significant side effects from
medical treatment. In addition, in an important study, it
has been shown that a majority of patients who respond
to cabergoline with normalization of prolactin levels and
areduction in tumor size may experience remission of hy-
perprolactinemia following discontinuation of the drug.?
This study suggests the potential for a curative treatment
with medical therapy in a selected group of patients.

Dopamine agonists do have some significant disadvan-
tages that may temper their use in all patients. The effects
on the tumor are reversible, making the therapy lifelong in
most cases and thus requiring significant compliance. Ad-
ditionally, there can be significant side effects, including
nausea, vomiting, postural hypotension, headaches, de-
pression, and anxiety, that can make long-term compliance
even more difficult in some patients. In cases of pituitary
apoplexy and in tumors with large cystic components, do-
pamine agonists are not effective in effecting shrinkage.
A group of bromocriptine-resistant prolactinomas with
increased aggressiveness and increased incidence in male
patients has been recently described.> There have been re-
cent reports of an association between valvular heart dis-
ease and dopamine agonists in patients being treated for
Parkinson disease. However, these patients with Parkinson
disease were receiving doses approximately seven times
higher than the maximal dose used for the treatment of
prolactinomas.'? In a review of the current literature on
the subject, Valassi et al reported that most published ar-
ticles on the subject do not show an association between
the use of dopamine agonists and valvulopathy; however,

they recommend using the lowest dose possible and that
the physician address the use of echocardiographic moni-
toring on a case-by-case basis.>

The role of surgery in the treatment of prolactino-
mas has been under discussion. Some argue that surgery
should be the initial treatment of microprolactinoma, with
medical therapy as an adjunct only in cases without remis-
sion.’” The rate of long-term remission varies significantly,
however, depending on the size of the tumor and preop-
erative prolactin levels. The most favorable results have
been demonstrated in patients with microadenomas and
levels below 200 ng/mL, with remission rates ranging from
50 to 84% in long-term follow-up.?43”3¢ The remission rate
drops with macroadenomas and with prolactin levels from
200 to 500 ng/mL, even though these tumors are amenable
to surgical resection. Surgery has not been shown to be
useful alone in patients with giant adenomas or tumors
with prolactin levels higher than 500 ng/mL, in whom the
remission rate decreases to zero. These lesions are better
treated with medical therapy, possibly in conjunction with
surgery and radiation. Overall, a lower prolactin level por-
tends a greater chance of long-term remission.

Based on the most current literature, surgical removal
can be recommended for most patients with a macroad-
enoma and a prolactin level of less than 200 ng/mL, with
anticipation of a high remission rate. Patients with tumors
larger than 2 cm and/or a prolactin level below 500 ng/mL
should first treated with a dopamine agonist to reduce the
tumor volume and then undergo surgical resection. Any
residual tumor can then be treated medically. For patients
with very large or invasive tumors or tumors with a pro-
lactin level above 500 ng/mL, medical therapy should be
the primary treatment modality.

Another consideration in the management of these pa-
tients is the incidence of spontaneous CSF leak after the
medical treatment of macroprolactinomas, which is a
well-known phenomenon. A recent study of a small se-
ries of patients found that those subjects with adenomas
invading the sphenoid sinus were at the highest risk for
spontaneous CSF leaks after medical treatment that re-
quired neurosurgical repair.*

The subgroup requiring specific discussion comprises
patients who are pregnant and harbor prolactinomas. If
the patient becomes symptomatic, a dopamine agonist
can be administered. The data regarding the effects of con-
tinuous dopamine agonist therapy on the fetus are lim-
ited but suggest no ill effect. During pregnancy, surgery
should be undertaken only if the tumor does not respond
to medical treatment and if there are progressive neuro-
logic symptoms. Patients with macroadenomas who desire
pregnancy should undergo a transsphenoidal resection
before conception or remain on bromocriptine during the
pregnancy.

¢ Surgical Management of Adenomas
Secreting Thyroid-Stimulating Hormone

Adenomas secreting thyroid-stimulating hormone (TSH)
are the least common of the pituitary tumors, represent-
ing only 1 to 2% of cases.
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Patients can present with constitutional problems con-
sistent with long-standing thyroid dysfunction, such as
heat intolerance, diarrhea, weight loss, fatigue, and ex-
ophthalmos, or manifestations of local mass effect, such
as headaches, visual changes, and symptoms of hypopitu-
itarism. There is often a delay in the diagnosis of these tu-
mors because they are commonly misdiagnosed as Graves
disease and are detected only when already large and inva-
sive. They can be difficult to cure.

Before any surgical intervention, the hyperthyroidism
should be controlled to minimize the risk for cardiac ar-
rhythmias that may occur during induction of anesthesia
or intraoperatively. This is commonly done with a preoper-
ative B blocker. If the surgery is nonemergent, an antithy-
roid drug (propylthiouracil or methimazole) can be added.
Transsphenoidal surgery is the primary treatment but is
associated with cure rates of only ~35 to 62% when per-
formed alone and 55 to 81% when performed in conjunc-
tion with medical treatment and radiotherapy.**-4> The
criteria for cure in TSH-secreting adenomas have not yet
been well defined. Radiosurgery or radiation therapy can
be used if clinical remission is not obtained with surgery
alone. However, radiosurgery and radiotherapy are not
typically used as a primary treatment modality.

¢ Surgical Management of Nonsecreting
Pituitary Adenomas

Approximately one-third of pituitary tumors are consid-
ered nonsecreting (also called nonfunctioning) adeno-
mas. They are generally associated with older age, with
a peak in the fifth decade. Patients usually present with
signs and symptoms of hypopituitarism, and commonly
with associated visual field defects and other ophthalmo-
logic problems. Despite their similar clinical presentation,
endocrine-inactive tumors are a heterogeneous group. Ul-
trastructural studies have demonstrated that these tumors
actually contain secretory granules and that a majority of
them synthesize follicle-stimulating hormone (FSH), lu-
teinizing hormone (LH), and the o subunit, with a smaller
subset producing other anterior pituitary hormones that
do not have clinical manifestations.** No clear and con-
sistent difference in treatment or prognosis has emerged
among the various subtypes, however.

Because endocrine-inactive tumors do not cause hyper-
secretory syndromes, patients usually present with symp-
toms associated with mass effect. Patients usually describe
headaches, visual changes, and symptoms of pituitary in-
sufficiency. In a majority of cases, the tumor is a macroad-
enoma at the time of diagnosis.

Surgery remains the primary treatment of patients with
inactive adenomas. The goals are to relieve the mass effect,
restore pituitary function, and obtain a tissue diagnosis.
As with other pituitary adenomas, the preferred approach
is transsphenoidal, but cases with significant eccentric
extension outside the sella may require a transcranial ap-
proach. The results of surgery for endocrine-inactive tu-
mors are not as clearly described as those of surgery for
other adenomas because there are no clear criteria for
cure. Studies have consistently demonstrated that 70 to

80% of patients experience significant improvement in vi-
sual function. In addition, nearly 100% of patients report
resolution of headaches, and there is an improvement in
pituitary function ranging from 15 to 57%, depending on
the series and the criteria for hypopituitarism.*

Clinical improvement is not suggestive of complete tu-
mor removal. Postoperative imaging a few months after
surgery is required to assess the extent of tumor resection.
Early imaging may not be as helpful or accurate because
of confounding edema, postoperative hemorrhage, and
hemostatic material. This study then acts as a baseline for
future comparison. We do not discuss adjunctive therapy
for residual tumor in this chapter. Rather, it is discussed in
other chapters in this book.

¢ Surgical Technique for Pituitary
Adenomas

The historical development of transsphenoidal surgery is a
complex tale of innovative leaps in ideology coupled with
periods of extensive surgical experimentation and even
complete rejection of the technique. Summaries of the his-
torical movements that have resulted in its adoption as the
preferred approach to tumors of the hypophysis have al-
ready been well documented. However, within this history
there exist some significant revolutions in technique and
technology that have further advanced the utility of this
operation and merit further study. The first of these revo-
lutions was in surgical technique, with the introduction of
sublabial and transnasal approaches to the pituitary. Then,
with the introduction of intraoperative image intensifica-
tion by Gerard Guiot in 1958 and the surgical microscope
by Jules Hardy in 1967, many of the technical difficulties
faced by pioneers such as Harvey Cushing could be circum-
vented. This laid the foundation for the advances that now
shape modern transsphenoidal surgery, including the use
of endoscopy, intraoperative imaging, frameless guidance,
and radioimmunoassay. Currently, the transsphenoidal
approach is the preferred approach for more than 90% of
pituitary tumors. Occasionally, a transcranial approach
becomes necessary for those very large or asymmetric tu-
mors with minimal sellar content.

The transsphenoidal procedure is reasonably similar
whether a microscopic or endoscopic technique is used.
The microscope gives a clear three-dimensional view,
whereas the endoscope gives a far more extended view
(Figs. 6.6, 6.7, 6.8, and 6.9). With a microscope, the aver-
age exposure of the sella is ~12 mm in width and from the
tuberculum to the clivus in the vertical plain. Generally,
the carotid canals can be visualized. In the sphenoid sinus,
the endoscope allows visualization of the entire inner sur-
face of the sphenoid sinus, which is far more important in
the extended transsphenoidal operation for tumors other
than adenomas, such as meningiomas and craniopharyn-
giomas. Within the sella, the endoscope allows more lat-
eral inspection of the cavernous sinus walls as well as the
suprasellar region, provided that the arachnoid membrane
and diaphragma sellae have not completely descended into
the sella with tumor decompression. We have used both
approaches and often add the endoscope as an adjunct
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Fig. 6.6 An endoscopic view through the right naris of the ostium
into the sphenoid sinus.

when we use the microscope. During an endoscopic proce-
dure, a speculum may be inserted so that the microscope
can be added as an adjunct. Clearly, both techniques are
excellent, and the surgeon may have both available and
should be adept with both.

For anatomic localization and direction to the sella,
fluoroscopy was the mainstay but offered only one plane,
lateral, and entailed the problem of radiation exposure.
Newer techniques with MRI- or CT-directed BrainLab/
Stealth equipment may make fluoroscopy unnecessary.
These techniques offer the advantage of multiplane views
as well as lower or no radiation exposure. There are nu-
merous studies showing that in practiced hands, these
techniques do not add substantially to the operative time
and may reduce complications, such as carotid artery in-
jury, of migrating from the midline approach. A small er-
ror in the angle toward the sella during exposure can lead
directly to the carotid canals.

Pituitary

Fig. 6.8 Endoscopic view of the pituitary.

Sella

Fig.6.7 Endoscopic view of the sellar floor and lateral carotid canal.

We operate with the patient in the supine position and
the head just slightly flexed and tilted toward the left be-
cause the surgeon is generally on the patient’s right side.
With an endoscopic approach, the head may be kept
straighter because a four-handed technique with one sur-
geon on either side of the patient may be advantageous.
The right lower corner of the abdomen is also prepared in
case there is need of a fat graft to seal an exposure of the
CSF space. Either the fluoroscope or BrainLab equipment is
positioned for localization and direction.

A transnasal submucosal exposure of the front of the
sphenoid sinus is created with use of the vomer to ensure
the midline if fluoroscopy is used. The orifices into the
sphenoid are enlarged, allowing exposure of the back wall
of the sphenoid sinus and anterior sella wall. If the sella
is dramatically enlarged, or if it is anticipated that a large
opening into the CSF space will be created, such as with
an extended procedure, a pedicled mucosal flap along the
midline is created and tucked aside in the nasal cavity for
closure at the end of the procedure. We lean more toward
a microscopic approach and therefore insert a bivalved
microspeculum through the nares with one blade on ei-
ther side of the vomer beneath the mucosal flaps. In the
past, when a sublabial exposure was done with a larger
speculum, care was taken to avoid putting the blade of the

Transsphenoidal Endoscopy

* |sit any better than microsurgery?
* Improved view within sella

* Wider viewing angle

* Operative time is roughly the same
* Hospitalization unchanged

* Morbidity?

* Outcome?

Fig. 6.9 Transsphenoidal endoscopic surgery.
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speculum into the sphenoid sinus for fear of fracturing the
medial walls of the orbits. With a transnasal approach and
a microspeculum, we tend to place the speculum just in-
side the sphenoid sinus wall and open it gently to avoid
fractures. This gives better exposure and keeps the specu-
lum from rotating out of the vertical position. With an en-
doscopic technique, a speculum may be unnecessary.

Once the anterior sellar wall is exposed, it may be opened
with a microdissector if it is thin or with a drill or osteo-
tome if it is thick. It must be opened to the medial wall of
cavernous sinus on both sides. This can be confirmed with
BrainLab or visually by a change in direction of the dura as
well as a color change. A micro Doppler probe may be help-
ful in confirming that the exposure is not too far lateral, ex-
posing the carotid artery to injury. The dura can be opened
sharply in an X fashion or with excision of a large rectangle
anteriorly. If tumor is clearly invading through the dura,
the latter opening is used to excise the invaded dura. A ver-
tical cross-opening yields less exposure of the gland.

Tumor dissection varies with the size of the adenoma.
With macroadenomas, the tumor is usually evident upon
opening the dura. With microadenomas, dissection is
guided by the preoperative imaging studies. With both
microadenomas and macroadenomas, a clear plane can be
found between the adenoma and the normal gland. This
is the plane we follow to completely excise the tumor. We
advise removing the tumor that is central, inferior, and lat-
eral before approaching the suprasellar portion. If the su-
perior tumor is removed first, the diaphragma sellae and
arachnoid may herniate into the sella, significantly obscur-
ing the field. At this point, the endoscope may be of great
value to inspect the medial walls of the cavernous sinuses
as well as the suprasellar walls to be as certain as possible
that no further tumor exists. A wider view with an angled
endoscope is an advantage.
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The surgeon approaching tumors in the parasellar re-
gion must contend with a highly congested neurovascu-
lar anatomy surrounding the pituitary gland and stalk. In
particular, the optic chiasm and nerves, carotid artery and
branches, and upper cranial nerves merit meticulous at-
tention, especially when meningiomas of unforgiving con-
sistency are handled.

Accumulated experience with meningiomas and other
parasellar tumors has established surgery as a technically
feasible and clinically durable method of managing them in
patients in whom tumor control by total removal is desired
and in whom transsphenoidal access is ill advised. Below,
we review the clinical presentation, radiographic features,
and surgical treatment principles of meningiomas of the
parasellar region, focusing on surgical management of tu-
mors of the tuberculum sellae, diaphragma sellae, cavern-
ous sinus, and anterior clinoid. Such approaches used for
meningiomas are generally applicable to other parasellar
and sellar tumors. We review the two primary surgical ap-
proaches adopted for tumor resection in this region—the
supraorbital and the cranio-orbitozygomatic—and discuss
the tumors attacked with each technique.

¢ Surgical Approaches

Although each tumor type warrants individual consider-
ation, the authors use two primary surgical approaches
to the parasellar region: the supraorbital and the cra-
nio-orbitozygomatic (COZ).! The supraorbital approach
minimizes frontal lobe retraction while providing unob-
structed access to the floor of the anterior fossa from pla-
num to the sella. The COZ approach affords wide exposure
of the entire cavernous sinus and the proximal and distal
carotid artery with minimal cerebral retraction. We usu-
ally use the supraorbital approach for tuberculum sellae
and diaphragma sellae meningiomas. We use the COZ fre-
quently for cavernous sinus and clinoidal meningiomas,
which often encase the carotid artery and require arterial
control. Below, we review the technical features of each
approach and the tumor types commonly resected with
their application.

Surgical Treatment of Meningiomas

¢ Supraorbital Approach: Technique

We perform this approach based on that originally de-
scribed by Jane et al.? For the supraorbital approach, the
patient is placed supine and the head and trunk elevated
20 degrees so the head is above the heart. The head is
moderately extended to allow the frontal lobes to fall back-
ward and kept straight to facilitate anatomic orientation.
We monitor somatosensory evoked and brainstem audi-
tory evoked potentials.

For patients with small to medium-sized tumors, a spi-
nal drain is inserted so that spinal fluid may be released in a
controlled fashion for brain relaxation. The scalp incision is
begun 1 cm anterior to the tragus and is continued in curvi-
linear fashion behind the hairline to the level of the superior
temporal line on the opposite side (Fig. 7.1A). The superficial
temporal artery is behind the incision, and the facial nerve
branches are in front of the incision. A large pericranial flap
based on the supraorbital and frontal vessels beginning well
behind the skin incision and extending from one superior
temporal line to the other is raised and reflected over the
scalp flap anteriorly and dissected off the superior and later-
al orbital walls. The supraorbital nerve is freed from its notch
or freed with a high-speed drill from its foramen.

The superior aspect of the temporalis muscle is the only
part that needs to be mobilized. To do this, a subfascial dis-
section of the temporalis fascia is performed by incising
both layers of temporalis fascia to expose the temporalis
muscle, beginning at the keyhole and proceeding behind
the course of the facial nerve to approximately the level of
the sylvian fissure. The fascial layers are reflected forward,
and the temporalis muscle, dissected free from its over-
lying fascia, is released from its insertion at the superior
temporal line and along the superior and lateral orbit and
reflected inferiorly. The junction of the zygomatic, sphe-
noidal, and frontal bones is thus exposed. The bone flap is
usually a unilateral supraorbital bone flap, although large
tumors may be approached with a bifrontal supraorbital
flap. The unilateral flap begins with placement of a burr
hole at the anatomic keyhole ~1 cm behind the fronto-
zygomatic suture (Fig. 7.1B). When drilled correctly, the
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Fig. 7.1 (A) Schematic showing the incision (hatched line) and its relationship to the planned frontal craniotomy, which includes the superior
orbital rim. (B) The superior aspect of the temporalis muscle is detached and the supraorbital nerve is released; the frontal burr hole is optional,
but the keyhole site is essential to the supraorbital flap. (Part A from Al-Mefty O. Operative Atlas of Meningiomas. Lippincott-Raven Publish-
ers; 1998. Part B from Al-Mefty O, Ayoubi S. Clinoidal meningiomas. Acta Neurochir Suppl (Wien) 1991;53:92-97. Reprinted with permission.)

superior half exposes the frontal lobe dura, and the lower
half exposes the periorbita, with the orbital roof in the
center of the burr hole separating the frontal lobe and or-
bit. A more posterior burr hole on the superior temporal
line may also be made. The frontal aspect of the keyhole
burr hole and the posterior superior temporal burr hole
are connected with the craniotome, and the craniotomy
continues into the frontal bone ~4 cm above the superior
orbital rim and is curved medial to the supraorbital notch
to avoid the frontal sinus. An additional cut is made in the
lateral orbital rim and continued to the keyhole.

Finally, the flap is completed with a superior orbital roof
osteotomy by placing a chisel straddling the lateral aspect
of the superior orbit exposed in the keyhole and complet-
ing the osteotomy. If the frontal sinus is entered during the
exposure, the sinus is exenterated and its posterior wall re-
moved. A small piece of fat or temporalis muscle is used to
pack the sinus and thereby obliterate the frontonasal duct.
In Fig. 7.2A, the craniotomy flap has been removed, but the
dura is intact.

After tack-up stitches are placed, the dura is opened trans-
versely and reflected over the orbit. In a bilateral approach,
the sagittal sinus is ligated and the falx cut anteriorly.

Because the superior orbital rim is removed, frontal lobe
retraction is minimal (Fig. 7.2B). The frontal lobe is gen-
tly elevated and the olfactory nerve preserved by dissect-
ing it off the inferior frontal lobe; a drop of fibrin glue can
help decrease the risk for avulsion. Tumor feeders in tu-
berculum sellae tumors—typically arising inferiorly from
the internal maxillary or posterior ethmoidal arteries—are

cauterized medially, avoiding optic nerve injury laterally.
The tumor is then debulked with a combination of ultra-
sonic aspiration and bipolar cautery.

Once the tumor is debulked, the remainder of the tumor
is carefully dissected from the optic nerves, often starting
near the chiasm and carefully preserving arterial supply
to the optic apparatus. Although the tumor often appears
adherent to the nerve, a plane of dissection can usually be
established. Tuberculum sellae tumors usually extend into
at least one optic canal, so one or both may need open-
ing; cavernous sinus extension is managed as explained
previously in this chapter. The ophthalmic artery and its
branches should be preserved when tumor inside the optic
canal is removed. The carotid is dissected from the tumor,
as are its branches, with careful attention paid to the A1l
segments because they may be stretched and susceptible
to tearing. The pituitary stalk is distinct in its color and
vascular arborization (Fig. 7.3). Tuberculum sellae menin-
giomas usually displace the stalk posteriorly and rarely
will engulf the stalk, requiring careful microdissection.
Hypophyseal branches off the carotid are spared.

The involved dura of the tuberculum and planum is
resected and any hyperostotic bone drilled with a high-
speed diamond burr. Paranasal sinus entry is handled by
exenterating the sinus mucosa and packing the spaces
with fat. A piece of free pericranium or fascia lata is then
placed intradurally and secured to the native dura over the
resected dura, and after the dural closure, the pericranial
flap is turned over the orbit and frontal bone and spread
over any defect in the anterior fossa floor.
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Fig. 7.2 (A) The surgical view after the supraorbital flap has been removed. (B) The view through the surgical micro-
scope achieved through the supraorbital approach. The dura has been incised transversely and reflected over the orbit.
The olfactory tract is dissected and preserved, and the optic nerve is clearly seen. (From Al-Mefty O, Ayoubi S. Clinoidal
meningiomas. Acta Neurochir Suppl (Wien) 1991;53:92-97. Reprinted with permission.)

Fig. 7.3 The distinct vascularity of the pituitary stalk, shown be-
tween and below the optic nerves, is seen here after resection of
a tuberculum sellae meningioma. (From Al-Mefty O, Ayoubi S. Cli-
noidal meningiomas. Acta Neurochir Suppl (Wien) 1991;53:92-97.
Reprinted with permission.)

¢ Supraorbital Approach: Applications to
Parasellar Tumors

Tuberculum Sellae Meningiomas

These tumors, originating in front of the sella and arising
from the tuberculum, chiasmatic sulcus, and limbus sphe-
noidale, account for 5 to 10% of meningiomas in the series
of Cushing and Eisenhardt.’ They often invade the floor of
the anterior fossa, causing hyperostosis commonly in front
of the sella (Fig. 7.4A). As they enlarge, they displace the
optic nerves laterally and chiasm superiorly (Fig. 7.4B).

They also impinge on the pituitary stalk posteriorly, as well
as the basilar artery, and can extend to the interpeduncu-
lar space. Although preoperative pituitary dysfunction
is uncommon in these tumors, a preoperative endocrine
evaluation is still recommended. The blood supply is typi-
cally inferior from the posterior ethmoidal arteries, and
meticulous attention must be paid to the anterior cerebral
artery complex, which, depending on the size, may be en-
cased or displaced superiorly. Careful attention must be
paid to small medial lenticulostriates.

The relationship of these tumors to the visual appara-
tus confers their dominant clinical presentation. The clas-
sic clinical manifestation, the chiasmal syndrome, denotes
a primary optic atrophy with a bitemporal field defect.
Visual field defects are typically incongruous and asym-
metric. In the senior author’s most recent series, quadran-
tanopsia and a unilateral temporal defect were the most
common visual findings.> More than 50% of patients re-
ported failing vision in one eye. A markedly asymmetric
visual field examination has been found to be highly indic-
ative of optic canal involvement, which has specific surgi-
cal implications.® A full visual field and acuity examination
is warranted before surgery.

Specific Surgical Principles

We favor the unilateral or bilateral supraorbital approach
as originally described by Jane et al,? as previously stated.
The main principles of the approach as it pertains to tu-
berculum sellae tumors are the low frontobasal exposure,
which facilitates access to the tumor without undue fron-
tal retraction and yet access to both optic canals. Remov-
ing the supraorbital rim as part of the frontal craniotomy
flap affords access to the base of the anterior fossa without
frontal lobe retraction; further relaxation is achieved by
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Fig. 7.4 (A,B) This tuberculum sellae meningioma, shown on coronal T1 axial postcontrast imaging, is displacing the optic nerves (A) superi-
orly and laterally and is associated with hyperostosis as seen on (B) sagittal views (arrow).

spinal drainage. When the tumor is encountered, its basal
posterior ethmoidal arterial feeders are coagulated to de-
vascularize the tumor, after which central debulking may
be undertaken by ultrasonic aspiration or other means.
The optic chiasm is usually displaced superiorly and the
optic nerves superiorly and laterally. Should the nerves be
engulfed in tumor, dissection should begin at the chiasm
and proceed proximally. The arterial supply to the optic
chiasm and nerves is preserved. All associated dura is re-
sected, and any hyperostotic bone at the tuberculum and
planum is drilled away with a high-speed diamond burr.

Decompression of the visual apparatus is not complete
until the optic canals are unroofed; in a recent series, 67%
of tuberculum sellae tumors were associated with tumor
extension into one (40%) or both (60%) optic canals.* More-
over, tumor left inside the optic canal may be the source of
recurrence or of mitigated visual improvement after sur-
gery.” One optic canal or both are exposed and unroofed
with a high-speed drill under constant irrigation to avoid
thermal injury to the optic nerve. The falciform ligament
and optic sheath are opened sharply. Optic nerve decom-
pression should proceed as far anteriorly toward the globe
as is needed to ensure that all optic extension of the tumor
has been extirpated. Although the clinical presentation
may suggest extension of the tumor into only one optic
canal, one should be prepared to decompress both canals
based on intraoperative findings. Even the slightest sug-
gestion of canalicular extension should prompt at mini-
mum opening of the falciform ligament.

Visual improvement was noted in 74% of patients who
presented with visual deterioration in the senior author’s
series. Pituitary dysfunction is rare after surgery, and if pres-
ent, it is usually transient in the early postoperative period.

Diaphragma Sellae Meningiomas

Although the entity was first reported in 1954, diaphrag-
ma sellae meningiomas were not formally classified until
more recently®; they are probably considered along the
spectrum of tuberculum tumors in most series. Diaphrag-
ma sellae meningiomas may be considered distinct clinical
entities separable into three types according to their rela-
tionship to the pituitary stalk and their specific diaphrag-
matic origins (Fig. 7.5). Each subtype is also associated
with particular clinical symptoms related to proximity to
the optic apparatus, pituitary, hypothalamus, and limbic
system. Surgically, types A and B are approached similarly
to tuberculum tumors, whereas type C tumors may be ap-
proached transsphenoidally.

Type A tumors originate from the upper leaf of the
diaphragma sellae anterior to the pituitary stalk. In this
way, these tumors resemble tuberculum sellae tumors
and do present with visual field disturbances, but they
are more likely than tuberculum tumors to present with
manifestations of pituitary compromise, such as diabe-
tes insipidus. Headache is also a common presenting
symptom. On imaging, the tumors are supradiaphrag-
matic and may be difficult to differentiate from tubercu-
lum sellae tumors.

Type B tumors also originate from the upper leaf of the
diaphragma and are supradiaphragmatic, but unlike type A
tumors, they are located posterior to the stalk and feature
a greater incidence of pituitary disturbance preoperatively.
Common presenting symptoms include headache, unilat-
eral and bilateral visual disturbances in 50% of patients,
and pituitary dysfunction in 38% of patients. These are also
supradiaphragmatic on imaging, with a normal sella.
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Fig. 7.5 Three types of diaphragma sellae meningiomas. (A) Type A tumor originates from the upper leaf of the diaphragma sellae anterior to
the pituitary stalk. (B) Type B tumor originates from the upper leaf of the diaphragma sellae posterior to the pituitary stalk. (C) Type C tumor
originates from the inferior leaf of the diaphragma sellae. (From Busch E, Mahneke A. A case of meningioma from the diaphragm of the sella
turcica. Zentralbl Neurochir 1954;14(1-2):25-28. Reprinted with permission.)

Unlike type A and B tumors, type C tumors arise from the
inferior leaf of the diaphragma and are thus infradiaphrag-
matic. Symptoms are similar to those produced by nonfunc-
tioning pituitary adenomas. Half of patients presented with
bitemporal hemianopsia, and 40% presented with hypopi-
tuitarism. Distinct from types A and B tumors, enlarged sel-
lar and intrasellar tumors are demonstrated on imaging.

Diagnostically, it may be difficult to distinguish types A
and B tumors from tuberculum sellae meningiomas, and
type C tumors from pituitary adenomas, although the lat-
ter distinction may be aided by the more avid enhance-
ment in type C tumors and smaller sella in comparison
with pituitary adenomas.'?

In the senior author’s original description, patients with
type A tumors had excellent outcomes; those with type B
or C tumors had higher rates of transient pituitary dysfunc-
tion postoperatively. Although transsphenoidal approach-
es may be attempted in type C tumors, the supraorbital
approach offers excellent access to types A and B tumors.

¢ Cranio-orbitozygomatic Approach:
Technique

The COZ approach adds an anterolateral skull base ap-
proach to the supraorbital approach, rendering it ideal for
accessing tumors that may engulf or displace structures
superiorly and laterally in the parasellar region.

A lumbar drain is placed for cerebrospinal fluid (CSF)
drainage, and the patient is positioned supine with the up-
per body slightly elevated and the head rotated 30 degrees
to the opposite side. Leads to monitor somatosensory
evoked potentials, brainstem auditory evoked potentials,
and cranial nerves V and VII are placed at this time, with
those to monitor nerves III, 1V, and VI placed later. The ip-
silateral part of the neck is prepared should more proximal
carotid control be required, and the abdomen is prepared
for fat graft harvest.

The skin incision for the COZ approach starts at the zy-
gomatic root and is carried behind the hairline toward the
contralateral superior temporal line (Fig. 7.6A). The super-
ficial temporal artery is identified and carefully protect-
ed, and a large pericranial flap is raised by undermining
the scalp posterior to the incision and dissecting sharply
against the scalp flap anteriorly. A subfascial dissection of
the temporalis fascia is performed to preserve the fron-
tal branches of the facial nerve. The zygomatic arch and
superior and lateral orbital margins are exposed by sub-
periosteal dissection, after which the zygoma is divided
at either end and displaced inferiorly on its masseteric
pedicle. The temporalis muscle is then elevated in subperi-
osteal fashion, beginning low on the temporal squama and
proceeding superiorly to detach the muscle at the superior
temporal line. The entire temporalis muscle is then reflect-
ed inferiorly with the freed zygoma.

The superior and lateral orbital rims are dissected free
from the periorbita, with the supraorbital nerve and ves-
sels preserved (Fig. 7.6B). A burr hole is placed in the key-
hole to gain simultaneous entrance into the cranium and
orbit. Burr holes are then placed anteriorly and posteriorly,
adjacent to the temporal floor. A cut is made from the me-
dial aspect of the lateral orbital wall to its lateral aspect
and is continued to the keyhole. The keyhole is then con-
nected to the posterior burr hole by cutting through the
temporal fossa. A cut starting at this burr hole is brought
superiorly to the frontal bone, then anteriorly through the
supraorbital rim, with care taken to protect the orbital
contents during any cuts involving the bony orbit. Care
must be taken to ensure that the posterior wall of the fron-
tal sinus is cut if the sinus has been entered. A cut is made
from the first burr hole through the orbit, again with care
taken to protect the orbital contents. A notched osteotome
is used to incise the orbital roof from the second burr hole
toward the nasion, while the orbital contents are protected
during this cut. The bone flap is now elevated. Remaining
portions of the orbital roof, lateral orbital wall, and sphe-



140 Sellar and Parasellar Tumors

{ /]

‘.'//»/ y ¥ f

A

. %
; /4

4
s

Al
ROLLLLETTTTITTT A
.“

Fig.7.6 (A) Proposed scalp incision and monitoring electrode placement. (B) For the cranio-orbital flap, burr holes are placed in the keyhole
(inset) and posteroinferiorly in the temporal squama. A cut is made across the lateral orbital wall, then brought up to the keyhole. The keyhole
is connected posteriorly to the posterior burr hole. The cut is then continued up to the frontal bone and through the supraorbital bar. Orbital
contents must be protected when the bony orbit is drilled. A V-chisel is then used to cut the orbital roof from the keyhole (right inset) to the
medial cut behind the supraorbital bar. (From Al-Mefty O, Ayoubi S. Clinoidal meningiomas. Acta Neurochir Suppl (Wien) 1991;53:92-97. Re-

printed with permission.)

noid wing can be removed with the craniotome for later
reconstruction. With the orbit now exposed, electromyo-
graphic electrodes may be directly placed into the supe-
rior oblique, superior rectus, and lateral rectus muscles to
monitor cranial nerves III, IV, and VI.

Proximal control of the carotid artery is the next objec
tive. The middle fossa dura is elevated in a posterior-to-
anterior direction. The greater superficial petrosal nerve
(GSPN) emerges from the facial hiatus and should be dis-
sected free of the dura. Traction of the GSPN is avoided to
alleviate transmission to the geniculate ganglion, which can
lead to facial palsy. The middle meningeal artery is identi-
fied, thoroughly electrocoagulated, and divided. Continued
dural elevation reveals nerve V, and the foramen ovale. The
apices of Glasscock’s triangle are now exposed: the facial
hiatus, the anterior aspect of the foramen ovale, and the
intersection of the GSPN and the lateral aspect of V,. This
triangle overlies the carotid artery, and drilling here with
a diamond bit and constant irrigation exposes the carotid
artery. This may be sufficient for proximal control of the
artery or to allow drilling posterolaterally from the known
location of the artery. Proximal control may be obtained by
sufficient exposure for placement of a temporary clip on
the petrous carotid artery, if necessary. Alternatively, a Fog-
arty catheter may be inserted into the carotid canal. Should
vascular control be required, the catheter balloon can be
inflated to occlude the carotid artery in the carotid canal."

Medial exposure of the cavernous sinus and exposure of
the paraclinoid carotid artery are obtained by drilling out
the remainder of the orbital roof, the superior orbital fis-
sure, the anterior clinoid process, and the optic strut. Drill-
ing adjacent to the orbital apex and optic canal mandates a
diamond burr and copious irrigation to dissipate the heat
of drilling. The anterior clinoid process is cored out with
the drill and then disarticulated by drilling out the optic
strut. The clinoid is subperiosteally dissected and resected.
The superior orbital fissure is opened by drilling along the
lesser sphenoid wing. This procedure exposes the subcli-
noid portion of the carotid artery, which is both extradural
and extracavernous, and provides distal control of the ca-
rotid artery.

Entrance into the cavernous sinus has been described
in relationship to the intervals between the neurovascular
structures of the cavernous sinus. These intervals have been
annotated as 10 triangles distributed among the parasellar,
middle fossa, and paraclival locations.'? The actual approach
taken depends on the anatomy of the lesion in relationship
to the cavernous sinus structures and must be individual-
ized for each patient. In general, there are two approaches
for entry into the cavernous sinus: a superior approach and
a lateral approach. The superior approach is particularly
suited to those lesions adjacent to the anterior loop of the
carotid artery, and those that are superior and/or medial
to the cavernous carotid artery. The lateral approach lends
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itself well to exposing those lesions lateral and/or inferior
to the carotid artery and those that are posteriorly located
within the cavernous sinus. Frequently, these approaches
are combined for lesions widely involving the sinus.

Superior Entry

After the superior surface of the cavernous sinus has been
exposed (Fig. 7.7A), the dura overlying the optic nerve is
divided over the length of the optic canal to free the optic
nerve. The distal carotid ring is now divided. The dura is
then incised toward the oculomotor nerve, providing initial
entry into the cavernous sinus. Exposure can be increased
by dissecting along the length of the carotid artery. Fur-
ther exposure can be obtained by subperiosteal dissection
of the posterior clinoid process and drilling off the process,
the dorsum sellae, and the superior clivus. These maneu-
vers allow increased exposure of the posterior fossa.

For tumors with medial extension, the planum sphenoida-
le can be drilled away. This allows exposure of the sphenoid
sinus. Dissection and incision of the diaphragma sellae allow
visualization of the pituitary gland. Great care must be taken
during closure to obliterate any communication between the
cavernous sinus and sphenoid sinus to prevent CSF leakage.

Lateral Entry
Lateral entry into the cavernous sinus can be intradural or

extradural. Extradural entry begins by incising the dura pro-
pria overlying V,. The dura propria is peeled away from the

trigeminal branches and ganglion with superiorly directed
traction. This will initially expose the third division and lat-
eral ganglion, followed by the second division and most of
the remainder of the ganglion. Drilling bone here will also
free the trigeminal branches and will, in turn, allow greater
mobility of these branches and the ganglion. A mass begin-
ning to enter the posterior fossa can be further exposed by
drilling the petrous apex. This drilling also allows greater
exposure around and under the trigeminal ganglion.

For lesions requiring intradural exposure, intradural en-
try into the cavernous sinus is achieved through Parkinson’s
triangle (Fig. 7.7B). Cranial nerves IIl and IV are identified
over the tentorial edge. An incision beneath the anticipated
position of the fourth nerve is fashioned and extended ~8
mm anteriorly and 8 mm inferiorly. The external dural lay-
er is peeled away from the thin inner dural layer in which
nerves III, IV, and V are found. The dural flap can be further
dissected from the trigeminal ganglion to expose the Meck-
el cave. Exposure can be increased posteriorly and into the
posterior fossa by drilling the petrous apex.

The inner dural layer between the fourth nerve and the
ophthalmic division can be incised to expose the lateral
space of the cavernous sinus, the posterior bend and the
horizontal segment of the intracavernous carotid artery,
and the lateral cavernous and meningohypophyseal arter-
ies. The abducens nerve is the only cranial nerve coursing
inside the cavernous sinus proper, often appearing in fas-
cicles of two to five nerves, and should be carefully located
and protected. Frequently, meningiomas necessitate the
combination of extradural and intradural cavernous si-
nus dissection with a combination of superior and lateral
entry.

Fig. 7.7 (A) Superior entry into the cavernous sinus. Superior exposure obtained after the anterior clinoid is removed and the dura over the op-
tic nerve and medial cavernous sinus is incised. (B) Operative anatomy of a lateral approach to the cavernous sinus with the lateral wall opened;
the superior aspect of the opening is just beneath cranial nerve IV. (From Al-Mefty O, Ayoubi S. Clinoidal meningiomas. Acta Neurochir Suppl

(Wien) 1991;53:92-97. Reprinted with permission.)
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Reconstruction after the COZ approach begins with at-
tention directed toward preventing CSF leaks by searching
for and obliterating any feature of the dissection that may
result in a CSF leak. Any entrance into the paranasal sinuses
or the eustachian tube should be obliterated with fat and
fascia. Any tenuous or incomplete dural closures should be
reinforced with tissue—preferably autologous—such as fas-
cia, muscle, or fat. Fibrin glue can be used for further rein-
forcement. The thick pericranial flap is now brought down
under the frontal lobe, over the orbit, and over any sinus
entries in the middle fossa or petrous apex. The orbital
roof is reconstructed to prevent late enophthalmos. Dural
tack-up sutures are placed circumferentially, including in
the subtemporal region, to obliterate dead space and pre-
vent postoperative development of epidural hematomas.
If the frontal sinus has been entered, the mucosa should
be exenterated and the cavity packed with fat or tissue to
prevent mucocele formation and CSF leakage. The cranio-
orbital flap is secured in place with titanium miniplates.
Bony defects can be obliterated with titanium plates or
mesh, or any of several cranioplastic materials, such as
hydroxyapatite cement. The temporalis muscle is sutured
to the superior temporal line. The zygoma is plated into
position with titanium miniplates. The scalp is closed in
layers, and a craniotomy head wrap is applied to decrease
postoperative fluid collection under the flap.

¢ Cranio-orbitozygomatic Approach:
Applications to Parasellar Tumors

Cavernous Sinus Meningiomas

The development, refinement, and careful application of
skull base approaches, in particular the COZ approach,
has made obsolete the notion of the cavernous sinus as a
surgical “no man’s land.” Cavernous sinus meningiomas
have an estimated incidence of 0.5 per 100,000."* Me-
ningiomas may involve the cavernous sinus either pri-
marily or secondarily. Those originating from within the
cavernous sinus proper may extend to the Meckel cave,
medially to the sella, and to the anterior, middle, or in-
fratemporal fossae. Clinoidal, medial sphenoid wing, and
petroclival meningiomas may extend to the cavernous
sinus secondarily.

Patients with tumors in the cavernous sinus may pres-
ent with symptoms referable to compression or conges-
tion of anatomic structures in or near the cavernous sinus.
Proptosis, headache, facial pain or numbness, and distur-
bances of ocular function or motility (diplopia, ptosis, an-
isocoria, complete ophthalmoplegia) are common. Tumors
can compress the optic nerve, with resultant visual field
deficits. Cavernous carotid artery compression may result
in ischemic deficits. Less commonly, patients may present
with pituitary dysfunction.

Physical examination should include a thorough neu-
rologic examination, with particular attention paid to the
function of cranial nerves II through VI, including a formal
visual field assessment. An endocrine evaluation should
be performed because tumors may displace the stalk and
gland. Examination of coordination and motor, sensory,

and cerebellar functions assists the assessment of any
tumor extension into the posterior fossa with brainstem
compression.

The outcome of any treatment for cavernous sinus me-
ningiomas must be weighed against the natural history of
these tumors. Asymptomatic patients or minimally symp-
tomatic patients with cranial nerve involvement may be
managed conservatively.

Specific Surgical Principles

Technical advances in skull base surgery have established
the cavernous sinus as an approachable space whose con-
tents may be navigated successfully during meningioma
surgery. Core principles of these approaches include maxi-
mal bone removal for exposure; the avoidance of brain re-
traction; and control of the carotid artery in its petrous,
cavernous, and/or clinoid segments. Two primary surgical
approaches to the cavernous sinus are used by the authors:
the COZ approach and the zygomatic approach.* The COZ
approach affords wide exposure of the entire cavernous si-
nus and the proximal and distal carotid artery with mini-
mal cerebral retraction. The zygomatic approach is used
for tumors in the posterior cavernous sinus and petrous
apex. This approach is more limited, does not offer readily
obtainable distal carotid control, and does not expose the
medial or superior cavernous sinus as easily as does the
COZ approach. During tumor resection, arachnoid planes
facilitate tumor removal, but these planes become scarred
and obliterated after initial resection or irradiation, em-
phasizing the importance of extensive resection during an
initial operation. If necessary, when no plane is encoun-
tered, small remnants of adherent tumor are left on the
carotid artery. The same philosophy is true regarding the
cranial nerves. As mentioned, once the cavernous sinus is
entered, the abducens nerve should be located and pre-
served. Any cranial nerve that is frankly severed should be
directly repaired. If a tension-free direct repair is not pos-
sible, an interposition graft should be performed. Injury to
the carotid artery can be addressed in several ways. Tem-
porary clipping and direct repair of tears can be performed
with 8-0 suture; more severe carotid injury can be treated
by vein graft repair.

Attempts should be made to remove all affected dura,
and any affected dura that cannot be resected should be
electrocoagulated, if possible. All involved or hyperostotic
underlying bone should be drilled away. Any submucosal
tumor spread within the paranasal sinuses should be re-
moved. Sphenoid sinus defects must be repaired with ex-
treme care during the reconstruction.

In the senior author’s experience, gross total resection
(GTR) in a series of 41 patients was achieved in 76% of pa-
tients, with an 11% recurrence rate in cases of GTR. A more
recent review of 163 cases operated on by the senior au-
thor (OAM) has shown a GTR rate of 44%, with 7% of these
patients experiencing recurrence.

Stroke is a significant concern during cavernous sinus
meningioma surgery, and fortunately reported rates of
ischemic complications; in the senior author’s series, 7 of
188 patients (3.7%) experienced ischemic stroke.
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Cranial nerve morbidity is a central issue in cavernous
sinus meningioma surgery. The preponderance of evidence
shows that existing preoperative cranial nerve deficits in-
frequently improve, and that few new permanent cranial
nerve deficits appear postoperatively. Most series of ag-
gressive surgical resection have reported that the majority
of preoperative cranial neuropathies remain the same. In a
recent re-evaluation of the cases operated on by the senior
author (OAM), 21 of 163 patients (12.8%) experienced new
cranial nerve deficits, 14 of 163 operated patients (8.5%)
experienced worsening of a preoperative deficit, and 11 of
163 patients (6.7%) experienced both a new cranial nerve
deficit and a deterioration of existing deficits. The majority
of neuropathies remained stable.

Clinoidal Meningiomas

Cushing and Eisenhardt recognized this entity in their
original treatise, noting that there exist meningiomas aris-
ing from “the deep or clinoidal third.”'> Although they were
historically grouped in discussions of medial sphenoid
wing meningiomas, an increasing recognition of clinoidal
meningiomas'®'” has culminated in an anatomic descrip-
tion of these meningiomas in three distinct subgroups
(types I, II, and III) with specific surgical implications!®!?
(Fig. 7.8).

In group I tumors, the tumor originates proximal to the
end of the carotid cistern, typically from the undersurface
of the anterior clinoid process. In this manner, the tumor
may encase the carotid adventitia without an intervening
arachnoidal layer. The tumor thus grows along the vessel
wall to the carotid bifurcation and beyond, “pushing” a
sleeve of arachnoid with it. The absence of an arachnoi-
dal layer between tumor and vessel greatly complicates
the dissection. However, the optic chiasm and nerves are
invested by the arachnoid of the chiasmatic cistern and
should be able to be freed from tumor.

Group Il tumors originate from the superior or lateral as-
pect of the anterior clinoid process above the carotid and
are invested by cisternal arachnoid. In these cases, a layer
of arachnoid separates tumor from vessel from the carotid

to the bifurcation and into the sylvian fissure. Microdissec-
tion of meningioma from the carotid and its branches is
thus rendered feasible by the investing layer of arachnoid,
which separates tumor from vascular adventitia. As with
group I tumors, the optic apparatus is sheathed in arach-
noid and can be dissected from tumor.

In group III, the tumor originates on the medial aspect
of the anterior clinoid process at the optic foramen. These
tumors are usually small because they present early with
visual compromise. The arachnoidal layer may be present
between tumor and carotid but may be absent between tu-
mor and optic nerve.

Clinoidal meningiomas commonly present with initial
unilateral visual loss, frequently associated with optic at-
rophy; the contralateral eye may be affected, depending
on chiasmal involvement. Cranial nerve involvement and
exophthalmos may occur as the tumor involves the supe-
rior orbital fissure and cavernous sinus. Preoperative en-
docrine disturbance is rare.

Specific Surgical Principles

Preoperative imaging should include fine-cut computed
tomograms through the skull base to assess hyperostosis in
the region of the anterior clinoid process, optic strut, and
superior orbital fissure. Standard magnetic resonance (MR)
imaging sequences should be paired with vascular imag-
ing (eg, MR arteriography and MR venography) because
the carotid may be narrowed owing to tumor encasement.
The COZ approach allows a shorter working distance to
the tumor; minimizes brain retraction; and permits sub-
frontal, transsylvian, and subtemporal routes of attack.
The anterior clinoid process should be removed to resect
involved bone, intercept middle meningeal artery feeders,
and facilitate internal carotid artery exposure. We typically
do this extradurally. Once the dura is opened, CSF drainage
is accomplished by splitting the sylvian fissure and facili-
tating partial CSF egress through a lumbar catheter.
Tumor dissection should begin with a sylvian fissure
split, during which tumor may be encountered. Dissection
should continue along the middle cerebral artery to the

Fig. 7.8 Three types of anterior clinoidal meningiomas. Group | tumors arise proximal to the carotid cistern and adhere directly to the carotid
adventitia (inset). Group Il tumors may be dissected off the carotid and its branches owing to the presence of an arachnoid plane between vessel
and tumor. Group IIl tumors originate at the optic foramen and extend into the optic canal. (From Ojemann R. Meningiomas: clinical features
and surgical management. In: Wilkins R, Rengachary S, eds. Neurosurgery. McGraw-Hill; 1985:635-654. Reprinted with permission.)
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carotid and to the anterior cerebral artery and Heubner’s
artery, respecting the medial and lateral lenticulostri-
ates. Laterally, the posterior communicating and anterior
choroidal arteries reside in a separate cisternal compart-
ment, facilitating this dissection. Posteriorly, Liliequist’s
membrane is usually intact, facilitating removal from the
interpeduncular fossa. The optic nerve may be elevated,
depressed, or engulfed in tumor—it is often easiest to find
the nerve at the chiasm and dissect toward the optic ca-
nal, with care taken to preserve the vascular supply of the
nerve. If tumor extends into the optic canal, the falciform
ligament should be opened and the optic canal unroofed,
followed by optic sheath sectioning.

The pituitary stalk is recognized by its reddish color and
vascular arborization; it is usually pushed back and to the
opposite side. Any extension into the cavernous sinus is
dealt with as with cavernous sinus meningiomas.

The complete resection of groups I and III tumors de-
pends on the adherence of tumor to the carotid and optic
nerve, respectively; an intervening arachnoid layer may be
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Surgical Treatment of
Craniopharyngiomas

R. Michael Scott and Edward R. Smith

Craniopharyngiomas are tumors usually found in the re-
gion of the infundibulum, although they can develop any-
where along an axis from the nasophayrnx to the third
ventricle. They comprise ~5 to 10% of pediatric brain tu-
mors and present with signs and symptoms referable to
their location, including visual loss, hormonal disturbances,
hydrocephalus, and headache. The broad spectrum of
management strategies employed in the treatment of
these tumors—including surgical resection, radiation, and
intratumoral delivery of chemotherapeutic agents or ra-
dioisotopes—underscores the difficulty of achieving suc
cessful cures with acceptable morbidity and has fostered
considerable controversy among physicians involved in
the care of children with these lesions. This chapter re-
views the etiology, pathology, epidemiology, and presen-
tation of these tumors, outlines relevant initial diagnostic
evaluations, and summarizes the surgical management of
craniopharyngioma.

¢ Etiology and Pathology

The term craniopharyngioma was coined by Harvey Cush-
ing in 1932 to describe a class of tumors found in the sellar
region that were first reported by Erdheim in 1904.? Mi-
croscopic examination has revealed that craniopharyngio-
mas comprise two distinct subtypes, adamantinomatous
and papillary, which some consider to have separate—if
related—embryologic origins (mixed subtypes of tumor,
with both adamantinomatous and papillary regions, have
also been described).>-> Evidence supports the premise
that craniopharyngiomas originate from cells derived from
the development of the adenohypophysis and tend to arise
primarily from the region of the infundibulum.®” At the
end of the first month of gestation, part of the oral cav-
ity (the stomodeum) projects up toward the brain (Rathke
pouch). This tissue interfaces with the infundibulum: a
downward projection of the brain. Over the next 2 weeks,
the connection between the oral cavity and the brain (the
pharyngohypophyseal stalk within the craniopharyngeal
duct) involutes as the sphenoid bone grows and closes off
the two spaces, while Rathke’s pouch contributes to the
development of the anterior pituitary gland.!6-8

Craniopharyngiomas are thought to arise from remnants
of Rathke’s pouch and tissue from the craniopharyngeal
duct.>!® In particular, there is some evidence suggesting
that adamantinomatous lesions are derived from neo-
plastic transformation of epithelial remnants of the cra-
niopharyngeal duct.®® This is in contrast to the squamous
papillary subtype of craniopharyngioma, which is consid-
ered to result from the metaplasia of adenohypophyseal
cells.3!

These tumor subtypes differ pathologically in several
ways. Adamantinomatous craniopharyngiomas are most
common in children and share characteristics with tooth
enamel-forming and long-bone tumors of the skeletal
system (the eponymous adamantinomas), including the
tendency to produce calcified deposits intratumorally.
The epithelial cells have a keratinized squamous layer that
flakes off and degenerates into a characteristic cholesterol-
rich “crank-case oil” fluid.#'®!" In contrast, the papillary
subtype (also called squamous papillary), found nearly
exclusively in adults (albeit still less frequently than ada-
mantinomatous tumors), is characterized by stratified
squamous epithelium that does not usually exhibit the cal-
cification or cystic degeneration evident in the adamanti-
nomatous tumors.*10-12

Overall, most reports indicate that more than 90% of all
pediatric craniopharyngiomas are adamantinomatous;
fewer than 2% are purely papillary and the remainder
exhibit mixed features.'*-'3 In adults, approximately two-
thirds (66%) of all cases are adamantinomatous, about
one-fourth (27-28%) are papillary, and the remainder are
mixed.'%-13

Recent efforts in molecular biology have made inroads
toward characterizing biological pathways involved in the
genesis of these tumors. Disruptions in apoptotic path-
ways involving B-catenin and Wnt may contribute to
the neoplastic transformation of craniopharyngiomas.?
Of particular interest is the role that growth factors and
angiogenic peptides such as cathepsins (proteinases that
regulate tumor invasiveness and end-effector proteinases
such as matrix metalloproteinases [MMPs]) and vascular
endothelial growth factor (VEGF) play in craniopharyn-
gioma growth and development.® These investigations
are relevant not only because they shed light on the basic
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mechanisms of tumorigenesis but also because they facili-
tate the development of novel methods of tumor detection
and follow-up; for example, recent data suggest that urine
testing may be able to noninvasively detect brain tumors,
including craniopharyngiomas.'#'>

¢ Epidemiology

In the United States, ~340 craniopharyngiomas are diag-
nosed annually in the combined pediatric and adult popu-
lation, of which 100 are in children between 0 and 14 years
of age.'® Craniopharyngioma has an incidence of 1.3 cases
per million person-years, with no significant difference in
presentation by sex or race.'® As noted, about one-third
of cases occur in children, and the remaining two-thirds
present in adults.”'¢ This distribution manifests itself in a
bimodal pattern, with the largest peak at 5 to 14 years of
age and a smaller one at 50 to 74 years of age."'® However,
craniopharyngiomas have been diagnosed prenatally and
in patients older than 70 years of age.'”-?

Craniopharyngiomas represent 5 to 10% of all intracra-
nial tumors in children in many series and more than half
of all sellar region tumors in this population.'"'62 They
are the most common nonglial intracranial tumors in chil-
dren.>* These tumors are comparatively less common in
adults, comprising fewer than 5% of all brain tumors in this
age group (with many reports indicating numbers closer
to 1%).1623

& (linical Presentation

Although craniopharyngiomas can be discovered in the
asymptomatic patient, the vast majority of cases are iden-
tified following the onset of characteristic signs and symp-
toms.?* These are directly related to the location of the
tumor, and variations in the site of origin help to explain
variations in presentation. Generally, craniopharyngio-
mas exhibit one of three growth patterns: prechiasmatic
(affecting the optic nerves and chiasm), retrochiasmatic
(affecting the hypothalamus, optic tracts, and drainage of
cerebrospinal fluid [CSF]), and sellar (affecting hormonal
function). Overall, the most common clinical findings in-
clude sequelae of increased intracranial pressure due
to mass effect and hydrocephalus (especially headache,
nausea, and vomiting); visual loss; and/or endocrinologic
dysfunction.5?°?* In the published series from Children’s
Hospital in Boston, findings resulting from increased intra-
cranial pressure were the most common, leading to discov-
ery of the tumor in 44% of patients.?* Nearly one-fourth of
patients with craniopharyngioma have hydrocephalus at
presentation.?’ Visual deterioration can be quite severe be-
fore detection by the family or clinicians and may be asym-
metric, depending on the growth pattern of the tumor.?4?°
Careful documentation of visual function is critical because
it may substantially influence subsequent planning for op-
erative approaches. Similarly insidious is the development
of endocrine dysfunction, which may remain unnoticed

for long periods of time owing to the often subtle onset
of symptoms such as growth delay. Although a deficiency
of growth hormone is the most common endocrinopathy
found in the setting of craniopharyngioma (followed by hy-
pothyroidism and diabetes insipidus), abnormalities of any
and all of the pituitary hormones may be manifested, and
careful retrospective analysis reveals some form of endo-
crine dysfunction in 60 to 90% of patients at diagnosis.?**
Hormonal symptoms can be compounded by effects of hy-
pothalamic injury, including temperature intolerance and
dysregulation, weight gain, and behavioral disturbances.

¢ Radiographic Evaluation and Differential
Diagnosis

Recognition of the signs and symptoms described above
prompts imaging studies of the brain to identify proxi-
mate causes. In the United States, computed tomography
(CT) and magnetic resonance imaging (MRI) are commonly
obtained. Tumors are usually large enough to be readily
identified on standard studies, but in rare cases, smaller
lesions may be missed if not specifically targeted. Multi-
planar reconstructions and thin cuts through the region of
the sella and infundibulum may help to reveal subcentime-
ter masses. MRI is particularly useful for the identification
of tumors and delineation of the relationship of the tumor
to surrounding neurovascular structures (including the ca-
rotids and their branches), optic apparatus, pituitary gland
and stalk, and hypothalamus/ventricular system (Fig. 8.1).
The tumor may appear heterogeneous, with cystic compo-
nents bright on T1 and T2 and solid portions of the tumor
exhibiting variable enhancement following administration
of contrast (Fig. 8.2). MRI with axial, sagittal, and coronal
planes with and without contrast is critical to preopera-
tive planning and postoperative follow-up. Increasingly,
MR angiography is helpful in delineating vascular anatomy
for these same reasons.

We feel that CT is important in diagnosing and planning
surgery for craniopharyngiomas. A distinguishing feature
of these tumors is the presence of calcium, which may be
difficult to detect on MRI (Fig. 8.3). Regions of calcifica-
tion are present in the majority of pediatric tumors (up to
90%) and more than half of adult lesions.!®?*?7 Preoperative
radiographic visualization of solid calcium deposits (when
present) is invaluable to the surgeon in determining the
feasibility of specific operative approaches. Moreover, CT is
helpful in ascertaining the degree of pneumatization of the
sphenoid, ethmoid, and frontal sinuses—relevant to trans-
sphenoidal approaches for sellar tumors (sphenoid), drill-
ing down the planum sphenoidale for frontal approaches
(sphenoid/ethmoids), and bifrontal approaches for supra-
sellar tumors (frontal).

Preoperative angiography is generally not helpful in the
evaluation of craniopharyngioma. The tumors are usually
fed by small vessels that are difficult to visualize, even with
a dedicated angiogram, and there is no role for preopera-
tive embolization. Most of the relevant structural anatomy
can be better delineated with MR angiography, which al-
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lows visualization of the parenchyma and tumor side by
side with associated vessels.

The differential diagnosis of tumors in the hypotha-
lamic/sellar region is large and includes congenital lesions
(Rathke cleft cyst, arachnoid cyst, dermoid/epidermoid
cyst, hypothalamic hamartoma); tumors (pituitary ad-
enomas, germinomas/nongerminomatous germ cell tu-
mors, lymphoma, meningiomas, schwannomas of the
cranial nerves, optic gliomas); vascular lesions (aneurysm,
cavernous malformation); and inflammatory conditions
(neurosarcoid, lymphocytic hypophysitis).*19?¢ The charac-
teristic calcification and cystic regions of craniopharyngio-
mas (especially in children) often help substantially with
confirming the radiographic diagnosis. At our institution,
we routinely obtain both CT and MRI in patients with sus-
pected craniopharyngiomas.

Fig. 8.1 Correlation between radio-
graphic and operative visualization of
craniopharyngioma (suprasellar/retro-
chiasmatic). The sagittal T1 enhanced
MRI demonstrates a small tumor be-
hind the optic apparatus (suprasellar/
retrochiasmatic) with a small T1-hy-
pointense cyst at the lower posterior
margin. The intraoperative photograph
reveals the tumor (*) as predicted, with
the small cyst visible just below it (*)
and a tiny calcified portion on the ante-
rior portion of the tumor (between the
optic nerve and carotid).

Fig. 8.2 MR appearance of cra-
niopharyngioma. The sagittal and
coronal T1 enhanced images reveal
a large cystic lesion in the suprasellar
region extending up toward the third
ventricle with mixed imaging charac
teristics. Note the origin of the tumor
from the region of the infundibulum
above the pituitary gland (arrow). The
axial T2 study demonstrates mixed
signal, varying between the solid por-
tions (darker) and the cyst (lighter).

Fig. 8.3 Utility of CT for detecting
calcification in craniopharyngioma.
The axial T1 MRI on the left reveals
the suprasellar craniopharyngioma,
but it is difficult to ascertain what is
calcified and what is mixed signal on
T1. Using the axial CT (right), one can
clearly identify a solid, calcified core
to the tumor, a finding of substantial
utility in formulating an appropriate
treatment strategy.

¢ Initial Evaluation

In addition to the previously noted imaging, patients with
craniopharyngioma should undergo preoperative endocri-
nologic assessment.'?42° It is our practice to consult the en-
docrinology service before planned surgery and to obtain
a panel of laboratory studies to evaluate pituitary function
(Table 8.1). Deficient hormones are replaced as needed,
with particular attention to cortisol deficiency: patients
with craniopharyngioma should be considered in need of
supplemental stress-dose steroids perioperatively.

When possible, a formal assessment of visual fields and
an ophthalmologic examination should be performed be-
fore surgery.?**> This not only establishes a baseline, but
also may help to guide the surgical approach if one optic
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Table 8.1 Laboratory Tests for Endocrinology Evaluation
Prolactin

Thyroxine (T4), thyroid hormone binding ratio (THBR),
thyroid-stimulating hormone (TSH), free T4

Insulin-like growth factor 1 (IGF-1), IGF-binding
protein 3 (IGFBP-3)

Cortisol (if not receiving steroids)

DHEA (dehydroepiandrosterone) sulfate (if older than 6 years
and not receiving steroids)

Follicle-stimulating hormone (FSH), luteinizing hormone (LH)
Estradiol (if female)
Testosterone (if male)

Electrolytes, blood urea nitrogen, creatinine, and serum
osmolality

Bone age (at least by the time of hospital discharge)

nerve is substantially impaired and the other has retained
function. Careful investigation and documentation of the
patient’s neurologic status is important for similar reasons.
Lastly, although often not practical in the setting of an ill
patient, those who present in a more elective fashion may
be candidates for a detailed neuropsychological evalua-
tion, allowing caregivers and families to more effectively
follow changes over the course of treatment and develop
more tailored coping strategies.?%3!

For those patients who present when acutely ill, two
conditions should be considered. First, hydrocephalus is
a common cause for rapid deterioration in the setting of
craniopharyngioma. If present, placement of an external
ventricular drain can often immediately decrease intra-
cranial pressure so that the patient can be stabilized until
a definitive surgical treatment can be performed. On rare
occasion, a large cyst within the tumor can be drained in
this fashion to reduce mass effect. Second, as mentioned
previously, many patients with craniopharyngioma are
cortisol-deficient, and profound deterioration can occur
from apparently minor physiologic stressors. Replacement
of corticosteroids frequently averts disaster in these cases
(we commonly administer dexamethasone 1-4 mg intrave-
nously, although hydrocortisone 30 mg/m? is also effective).

¢ Treatment Strategies

Once identified, the primary objective of craniopharyn-
gioma treatment is the restoration and preservation of
neurologic function with minimal morbidity. There is sub-
stantial debate regarding the most effective method for
achieving this goal. The difficulty in developing definitive
guidelines for care stems in large part from the variability
in presentation, the need for exceptionally long follow-
up to assess efficacy, and the rarity of these tumors. The
preferential use of specific treatments—radical surgery,
subtotal resection, radiation, intracystic administration
of chemotherapy—may be influenced by both published
data and institutional bias. Here, we present an overview
of surgical techniques used in the management of cranio-

pharyngioma—approaches that are of use for both radical
and subtotal resections.

Before an operation is undertaken, it is critical to define
the goals of surgery. An important distinction is whether
the objective is a complete resection or a planned subtotal
debulking. This topic is controversial, and data exist sup-
porting both strategies.!52432-37 The policy at our institu-
tion is to attempt a total resection at initial presentation
in most cases, but exceptions are made when preoperative
imaging suggests that surgical morbidity would be unac-
ceptable.?* Radical resection can be attempted on repeat
operations, but our experience has been that most suc
cessful reoperations occur when tumor was left behind
initially because of poor visualization—a problem that
can be remedied by altering the approach. In contrast,
patients with tumors that were inextricably attached to
vital neurovascular structures at the first operation are
often poor candidates for gross total resection the second
time around. Formulating goals for the surgery and plan-
ning an operative approach are difficult, and data support
that surgeons with greater experience achieve better out-
comes.53234 We routinely discuss cases among our group to
draw upon the collective expertise of our practice. Unfor-
tunately, even with careful planning, the nature of these
tumors sometimes precludes achieving the expected pre-
operative objectives.

The primary goal of surgery is resection of the lesion
with preservation of vital neural and vascular structures.
Factors such as anatomic constraints imposed by these vi-
tal structures or characteristics of the tumor (eg, areas of
calcification) may preclude a gross total resection, and sec-
ondary goals of surgery may include reducing mass effect,
debulking the tumor so that it becomes more amenable to
radiation therapy (either by reducing the size or creating
margins around vital structures to minimize dose effect),
restoring patterns of CSF flow, and establishing a tissue di-
agnosis with pathologic specimens. Review of the preop-
erative radiographic studies is invaluable in the selection
of a surgical approach best suited to achieve these goals.

¢ Operative Approaches

Variation in the size and location of craniopharyngiomas,
from small lesions located solely in the sella to huge tumors
filling the third ventricle, has resulted in the development
of numerous distinct surgical approaches. For many sur-
geons, familiarity with one method will often prompt its
use in the majority of cases, and it can be difficult to balance
the theoretic advantages of an alternative approach against
the benefit afforded by experience. It is important to un-
derstand that there can be several equally valid approaches
that may be efficacious for a given tumor. The growth pat-
tern of an individual tumor can direct a surgeon to a par-
ticular approach. In general, craniopharyngiomas fall into
three distinct groups: suprasellar/prechiasmatic, suprasel-
lar/post-chiasmatic, and sellar. When viewed through this
lens, it can be helpful to pair the common approaches (sub-
frontal, pterional, subtemporal, transcallosal/transventric-
ular, and transsphenoidal) with specific growth patterns to
maximize access to the tumor (Table 8.2).
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Table 8.2 Potential Surgical Approaches Based on
Craniopharyngioma Growth Patterns

1. Suprasellar
A. Primarily intraventricular: transcallosal/transventricular
B. Pre-chiasmatic: subfrontal
pterional
C. Post-chiasmatic: subfrontal
pterional
subtemporal

2. Sellar: transsphenoidal (microscopic/endoscopic)

Preoperative Avoidance of Complications:
General Principles

Review of the case with nursing and anesthetic staff well
beforehand allows anticipation of needed medications,
hormone replacement, blood products, equipment, and
potential emergencies. In addition to a discussion of the
case with colleagues, a candid assessment of expected out-
comes and risks of the surgery with the patient and family
is vital. In the operating room, needs such as abdominal fat
grafts, pericranial flaps to provide vascularized coverage of
defects, and placement of ventricular or lumbar drains are
best considered well in advance of the initial preparation.
In planning operative approaches, it is useful to allow for
additional exposure (through extension of the incision and
bone flap) if possible. Although often not needed, the abil-
ity to improve access to the tumor intraoperatively can be
invaluable.

Specific Approaches

Subfrontal

The subfrontal approach is commonly used in our institu-
tion. It allows excellent visualization of the optic nerves,
carotids, and lamina terminalis. This approach is useful for
most craniopharyngiomas, albeit less so for isolated sellar

lesions. It affords wide access to the suprasellar region and
can easily be combined with other approaches, such as the
pterional, transcallosal/intraventricular, and even sellar
(with drilling of the planum sphenoidale). The approach
can be unilateral or bilateral, depending on the anatomy
of the tumor. For retrochiasmatic and intraventricular
tumors, removal of the superior orbital rim and roof im-
proves visualization while minimizing retraction on the
frontal lobes (Fig. 8.4).

Limitations of the approach include the risk for anosmia
with injury to the olfactory nerves, the concern of venous
congestion resulting from ligation of the superior sagittal
sinus (which is usually minimal), and the extensive nature
of the craniotomy; including violation of the frontal sinus
with the attendant risk for CSF leak and mucocele.

In patients with hydrocephalus, placement of a preop-
erative drain may relax the brain and facilitate visualiza-
tion with minimal retraction. A bicoronal incision is then
marked out, with preparation of the surgical field to in-
clude the possibility of a pterional extension if needed. In
patients with a large frontal air sinus, a site for an abdomi-
nal fat graft is readied. Anesthesia can be forewarned about
the possibility of blood loss and air embolus if a bilateral
exposure is planned and the sagittal sinus is to be exposed.

The patient is pinned in extension with the head mid-
line to allow the frontal lobes to fall away from the floor of
the anterior fossa. Following incision, the pericranium is
preserved in elevating the scalp flap in anticipation of the
need of a vascularized pedicle to cover the frontal sinus.
In a unilateral case, the operating table can be rotated to
vary lines of sight while the surgeon remains in a comfort-
able operating position, seated or standing. Dural opening
should be low to the floor of the anterior fossa, and in the
case of bilateral exposure, care should be taken to preserve
at least one olfactory nerve.

If the orbital rim and roof are removed, the surgeon
should attempt to avoid injury to the periorbita because
the retraction of fat can be troublesome and can result in
significant postoperative bruising. Gentle retraction on
the orbit can greatly enhance visualization of the tumor,
although some patients may experience bradycardia with
compression of the eye. This will often resolve with slight
repositioning of the retractor.

Fig. 8.4 Operative approaches (ex-
tradural). On the left, the unilateral
subfrontal approach is demonstrat-
ed, with removal of the orbital roof
(*). In addition, the craniotomy has
been extended inferiorly to provide
an element of a pterional approach
(arrow), highlighting the versatility
of these approaches and the impor-
tance of preserving flexibility in the
operating room. The right image il-
lustrates the bifrontal approach with
removal of the right orbital roof.



150 Sellar and Parasellar Tumors

Once intradural, the operating microscope is used and
CSF cisterns are opened to further relax the brain. It is our
practice to avoid the use of mannitol if possible, given the
ability to achieve good relaxation with proper positioning
and removal of CSF (and also given the potential issues
with diabetes insipidus perioperatively). Drainage of cyst
contents can aid in relaxation of the tight brain, although
we prefer to maintain the tumor anatomy through the ini-
tial dissection, if possible, because the taut cyst provides
good countertraction and a convenient dissection plane.
Ultimately, however, cysts need to be drained, which can
be accomplished with direct entry or aspiration with a fine
needle. Placement of cottonoids around the cyst may help
to prevent spread of the irritating cyst contents in the sub-
arachnoid space, theoretically reducing the likelihood of
chemical meningitis and tumor seeding.

In retrochiasmatic tumors, opening of the lamina termi-
nalis can be useful. Care must be taken to avoid blind trac-
tion or injury to the walls of the third ventricle because
hypothalamic injury can be devastating. Gentle downward
pressure on the tumor from the lamina terminalis can de-
liver lesion into the more accessible subchiasmatic space.
Use of a dental mirror or angled endoscope can substan-
tially aid in visualization of difficult regions of the opera-
tive field. Drilling the planum sphenoidale can increase
working room and afford greater access to the sella. When
this is done, attention must be given to the possibility of
entering the ethmoid or sphenoid sinus and appropriate
steps taken to prevent CSF leak if a breach occurs (namely,
packing the sinus with fat or muscle and covering the de-
fect with tissue, preferably vascularized pericranium).

Pterional

The pterional approach is often used with suprasellar tu-
mors that are both prechiasmatic and retrochiasmatic. It of-
fers a more lateral view than the subfrontal route and can be
combined with other approaches (subfrontal, subtemporal,
transcallosal/transventricular) to expand access to larger
masses. In addition to this versatility, it has the advantage of
being familiar to many neurosurgeons. The primary limita-

tion of the pterional approach is reduced visualization of the
contralateral opticocarotid complex (Fig. 8.5).

At the Children’s Hospital in Boston, we often employ this
approach for small (usually incidentally discovered) tumors
that are suprasellar. Our preference is to perform a right-sid-
ed craniotomy (assuming this to be the nondominant hemi-
sphere), although we alter this based on tumor anatomy and
function of the optic nerves. Should one optic nerve have
markedly impaired function, we commonly approach from
the side of the healthy nerve to better visualize and protect it.

The patient is positioned supine with the head extended
and turned ~30 degrees away from midline. As with the
subfrontal approach, the use of ventricular drainage may be
helpful, although is it less likely to be needed with smaller
tumors. Aspiration of CSF following the opening of CSF cis-
terns will nearly always enable excellent brain relaxation
(again, without the need for the administration of hyperos-
molar agents). Depending on the size of the tumor and the
preference of the surgeon, the sylvian fissure can be opened
to increase exposure at the bifurcation of the carotid.

Subtemporal

The subtemporal approach is employed primarily for ac-
cess to suprasellar retrochiasmatic craniopharyngiomas
that extend down toward the pons or laterally under the
temporal lobe. The patient is placed in a supine or partially
lateral position with the nose parallel to the floor. The ver-
tex is tilted down toward the floor to allow the temporal
lobe to fall away from the middle fossa. Upon opening the
bone flap, it is helpful to use a drill or rongeur to remove
bone flush with the floor of the middle fossa. Care must
be taken to seal mastoid air cells with bone wax to pre-
vent CSF leak postoperatively. Following gentle retraction
on the temporal lobe, the tentorium can be divided to in-
crease visualization of the interpeduncular and prepontine
cisterns. It is important to preserve the trochlear nerve
by cutting the tentorium behind the point at which they
cross. Generally, the membrane of Liliequist will provide a
barrier between the tumor and the basilar artery, although
this is not an absolute constant, especially in reoperations.

Fig. 8.5 Intraoperative view of cra-
niopharyngioma (before and after
resection). The left image demon-
strates the view of a suprasellar/retro-
chiasmatic cystic craniopharyngioma
as seen from a right pterional ap-
proach. Note the tumor (asterisk) in
the opticocarotid triangle. The arrow
points out the relatively limited ac
cess to the contralateral optic nerve—
one shortcoming of this approach.
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Transcallosal|Transventricular

Transcallosal/transventricular approaches are most help-
ful for tumors located high within the third or lateral
ventricles. This route can be used independently or in
combination with other approaches. The main limitation
is the inability to visualize neurovascular structures near
the sella. Generally, a craniotomy is made over the supe-
rior sagittal sinus with one-third posterior to the coronal
suture, two-thirds anterior, and extension about 4 cm off
midline toward the desired side. The white appearance
of the corpus callosum must be identified, and frameless
stereotaxy can be helpful in determining an entry point. A
2-cm opening in the callosum is made, and one can either
carefully dissect between the fornices to enter the third
ventricle directly or enter the frontal horn of the lateral
ventricle, then open from the foramen of Monro posterior-
ly along the choroidal fissure. Care must be taken to avoid
injury to the fornices and internal cerebral veins.

Transsphenoidal (Microscopic and Endoscopic)

The transsphenoidal approach has generally been em-
ployed in the removal of sellar craniopharyngiomas. Al-
though it was traditionally limited to purely sellar lesions,
surgeons have become increasingly capable of success-
fully resecting sellar lesions with suprasellar extension,
with the improved visualization afforded by the operating
endoscope. The main advantages of the transsphenoidal
approach (either microscopic or endoscopic) include de-
creased surgical morbidity, shorter hospital stays, and im-
proved access to sellar tumors. However, transsphenoidal
surgery has markedly limited lateral exposure, minimal
ability to control bleeding, and an increased risk for CSF
leak/meningitis. Rare but catastrophic injury can occur
following injuries to the carotid arteries and their major
branches. Moreover, heavily calcified lesions are difficult
to remove with the access provided from this route. Low
tumors (particularly ones that are primarily midline, infra-
diaphragmatic, and cystic) are well suited to this approach.

Complication avoidance includes careful preselection of
appropriate cases, as described above. In young children,
the small working spaces and nonpneumatized sphenoid
do not preclude this approach, but do require consid-
eration. With children or in adults with small nares that
might prevent the easy passage of surgical instruments,
the translabial/transsphenoidal approach can be used to
afford greater visualization and working access (Fig. 8.6).
Image guidance, with either frameless stereotaxy and/
or fluoroscopy, has proved useful in our institution (and
others) to maintain a safe midline approach, especially in
reoperated cases. On occasion, the decision to stage a pro-
cedure and perform a craniotomy at a subsequent date to
remove suprasellar portions of a tumor may be prudent.

Following tumor removal, careful inspection of the cav-
ity with an angled (30- or 70-degree) endoscope should
be performed to assess the completeness of the resection
and ensure the absence of injury. We routinely use a peri-
umbilical incision to harvest abdominal fat grafts, which is
less noticeable than lower quadrant sites. In patients with
large tumors and evidence of a widened sella on preop-
erative imaging, the use of a lumbar drain may be helpful
to prevent CSF leak and promote healing in the immedi-
ate postoperative period. Reconstruction of the sellar floor,
often with a synthetic or bony graft, is important at the
conclusion of the case.

Alternative Surgical Treatments

In addition to operative approaches targeted at removing
the tumor, alternative surgical strategies exist to manage
the issues caused by craniopharyngioma cysts and/or resul-
tant hydrocephalus. In most cases, it is our practice to at-
tempt to treat the underlying cause of the hydrocephalus
before resorting to a ventriculoperitoneal shunt. In some
craniopharyngiomas with large cystic components, place-
ment of a catheter within the cyst can allow the delivery
of sclerosing agents, such as bleomycin (an antibiotic that
inhibits protein synthesis) or P?? (a radioactive isotope with
limited penetration to surrounding tissues). Generally, these

Fig. 8.6 Transsphenoidal approach
(translabial/transsphenoidal). The trans-
sphenoidal approach is most useful for
sellar tumors confined to the midline.
In young children or in adults with small
nares, the translabial approach (left im-
age) affords a wider viewing and work-
ing route. Care must be taken to leave a
reasonable cuff of tissue above the gums
to prevent injuring the nutrient vessels
and nerves to the teeth. Once exposed,
the tumor can be clearly identified (*)
and removed. Maintaining the integrity
of the diaphragma sellae reduces the
risk for a postoperative CSF leak, and
inspection of the operative field with an
angled endoscope or dental mirror at
the conclusion of the case can help to
ensure a complete resection.
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catheters are placed with stereotactic guidance because ac-
curacy is of paramount importance. Leakage of toxic agents
into the subarachnoid space or normal neural parenchyma
is to be avoided. Often, contrast will be instilled through the
catheter and an imaging study done to document the ab-
sence of a leak before delivery of the sclerosing agent.

Immediate Postoperative Care

Following surgical resection of a craniopharyngioma, pa-
tients are usually monitored in the intensive care unit.
Primary concerns center on the management of hormonal
replacement (especially with regard to diabetes insipidus
and stress-dose corticosteroids), repeated assessment of
visual function (monitoring for hemorrhage or blood pres-
sure-dependent changes in eyesight), and documentation
of the level of consciousness (watching for delayed hydro-
cephalus and effects of hypothalamic injury). As discussed
below, postoperative imaging is useful. Continued discus-
sion between intensive care unit staff, nursing, and the
neurosurgical team is critical to maximize the likelihood
of a successful outcome.

¢ Outcomes and Follow-up
Imaging

Postoperative imaging is critical to assess the extent of tu-
mor resection and to establish a baseline for comparison in
future studies. It is our practice to obtain an MRI with and
without contrast either intraoperatively (with our operat-
ing room scanner) or within 72 hours following surgery.
Increasingly, postoperative MR angiography is performed
yearly to assess for the development of moyamoya, which
is known to occur in this population and responds to sur-
gical treatment if found.>® The presentation of moyamoya
can be delayed by years following surgery and should espe-
cially be considered in those patients who have also been
treated with radiation. MR angiography can also help to
identify fusiform dilatation of the carotid arteries, a phe-
nomenon observed in ~10% of children after radical resec-
tion that appears to have a benign natural history.® CT is
also performed postoperatively to ascertain whether any
calcification remains in the operative bed, a finding consid-
ered by some to indicate residual tumor. It is our practice to
consider reoperation only if the postoperative mass is un-
expected and considered to be safe to resect. Calcified re-
gions of tumor sometimes cannot be safely removed and so
may deliberately be left in place. Small flecks of calcium—if
found to be the only abnormality present on postoperative
imaging—are often observed because their natural history
as predictors of tumor recurrence is unclear.*

Endocrine, Metabolic, and Cognitive Issues

Endocrine dysfunction is common following the surgical
treatment of craniopharyngiomas, with reports of diabetes
insipidus occurring in more than 80% of patients and the

need for hormone replacement in more than 90% of pa-
tients who underwent gross total resections,?0:2627:29343541.42
Percentages are equally high for the replacement of thy-
roid hormone, sex hormones (following puberty), and cor-
ticosteroids.?® Over half of all surgically treated children
are candidates for growth hormone replacement.?® Obe-
sity resulting from hypothalamic injury is present in over
half of children following resection.?*3¢ For many of these
patients, the deficits are permanent. As such, long-term
endocrinologic follow-up is needed, with appropriate ad-
justments in hormone replacement (age-specific sex hor-
mones, dosing of growth hormone, and careful monitoring
of volume status for desmopressin replacement). Critically
important is the recognition of the need for stress-dose
corticosteroids in the setting of physiologic challenges
such as illness and injury.

Increasingly appreciated are the consequences of the
surgical treatment of craniopharyngioma on cognitive and
emotional function. In the most severe state, akinetic mut-
ism may render patients unable to function in society, but
more subtle deficits in intelligence, emotion, and memory
may add to the lifetime burden of this disease.>**' Awareness
of these potential problems may facilitate appropriate refer-
ral for consultation with neuropsychology, psychiatry, and
social work to provide additional support and coping mech-
anisms for affected patients.?’*' The insidious nature of these
deficits may cause them to be overlooked, particularly as the
acute issues after surgery settle down with time, and thus
mandate continued attention by the family and caregivers.

Long-term Issues and Recurrence

Craniopharyngiomas and the surgery to remove them can
both produce long-term deleterious effects on the qual-
ity of life of affected patients.>® The wide array of disor-
ders associated with this tumor—endocrinologic, visual,
metabolic, cognitive, and oncologic (among others)—has
prompted our institution to adopt a model in which pa-
tients are treated and followed by a multidisciplinary team
comprising specialists able to address each of these issues,
a practice shared with other high-volume centers.52

We often obtain imaging every 3 to 6 months for the first
2 years, then space out to every 6 to 12 months up to the
5-year post-treatment time point. Several series report that
average time to recurrence following operation with gross
total resection is 2.5 to 3 years, with ~50% of patients re-
maining disease-free at 5 years, although these statistics
remain controversial, with some reports indicating much
better long-term disease-free intervals after gross total re-
section.!13203643 However, craniopharyngioma is notable for
its capacity to recur decades after seemingly successful treat-
ment and, as such, warrants prolonged monitoring.?*3* Some
reports note a 15 to 40% recurrence of tumor at 15 years, re-
gardless of therapy administered.'*4* If recurrence develops,
it substantially reduces survival, even in delayed cases (10-
year survival without recurrence is >99%, whereas patients
with recurrence have a survival of <70% at 10 years).?> We
continue to monitor our patients with office visits and MRI
studies beyond the 5-year postoperative time point, increas-
ingly spacing out imaging to once every 5 years.
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If recurrence is detected, the risks and benefits of treat-
ment modalities must be weighed. In younger patients,
there is often an impetus to attempt repeat surgical re-
section to avoid long-term risks of radiation (particularly
in preschool-age children). Gross total resection at re-
operation has been reported with rates ranging from 30
to 70%.1333637 Prior radiation therapy and increasing size
of tumor are noted as risk factors limiting the success of
reoperation.?#337 The practice at our institution is to at-
tempt repeat resection if there is documented evidence of
growth and the tumor appears to be accessible with mini-
mal morbidity. The wide range of clinical and radiograph-
ic presentations of these tumors, coupled with the variety
of treatments administered (surgery, radiation, radiosur-
gery, instillation of sclerosing agents), limits the ability
to formulate general guidelines for the management of
recurrent disease. As such, many patients are evaluated
on a case-by-case basis, emphasizing the importance of
providing treatment at an experienced center so that the
treating surgeon can more accurately assess the likelihood
of success.333437
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Surgical Treatment of Chordomas and

Chondrosarcomas

Devyani Lal, Nancy J. Fischbein, and Griffith R. Harsh IV

Chordomas and chondrosarcomas are osteocartilaginous
tumors that typically involve the skull base in a parasel-
lar location. These tumors, often grouped together because
of their similar osseous origins and location, are distinct
in embryology, pathology, biological behavior, clinical
features, and response to therapy. Chordomas arise from
remnants of the embryonal notochord and are frequently
located in the central skull base. Most grow slowly initially,
but eventually their growth accelerates. They are locally
invasive, and invasion, combined with rapid growth, often
proves fatal. Chondrosarcomas originate from the chon-
dral elements of bone. In the skull, they are often located
in the paramedian sphenoid and the clival basiocciput.
Most chondrosarcomas demonstrate slow, locally invasive
growth. Many chondrosarcomas do not affect patient func-
tion or survival for decades.

¢ Incidence and Epidemiology

Chordomas and chondrosarcomas together account for
~0.2% of all intracranial tumors and 6% of all primary skull
base tumors.'?

Although chordoma is the most common extradural pri-
mary skull base tumor, its absolute incidence is low (<0.1
per 100,000 persons per year, or ~0.15% of all intracranial
tumors).? Chordomas can occur at any age, but they peak in
the fourth or fifth decade of life, with a median age at diag-
nosis of 46 years. Fewer than 5% arise in children.*> There
is no gender preponderance?® or known association with
exposure to radiation or environmental carcinogens. Chor-
domas occur in isolation and are not part of any known
systemic syndrome. Although chordoma occurrence in one
family has been linked to chromosome 7g33,” no gene mu-
tation specific to chordoma has been identified.

Chondrosarcomas are even more rare, comprising
only 0.02% of all intracranial neoplasms.® Although skull
base chondrosarcomas can occur at any age, most pa-
tients present between 20 and 50 years of age?; the mean
age at diagnosis is 40.7 years.'® Chondrosarcomas are
slightly more common in men.'" Although they are usu-
ally isolated tumors, chondrosarcomas may occur in as-
sociation with Paget disease, Ollier disease, or Maffucci
syndrome.'?'3

¢ Location

Chordomas occur at sites of embryonal remnants of the
notochord: the sellar and parasellar region, clivus, spine,
sacrum, and mediastinum. Thirty-five percent arise in the
skull base, most commonly in the clival midline."® Classi-
fication of the tumor location as superior, middle, and/or
inferior clival is helpful in planning surgical approaches.'
With growth, chordomas expand and destroy bone and
extend into extra-axial and intra-axial structures. Rostral
notochord chordomas can often extend into the dorsum
sellae and present in the sellar, suprasellar, or parasellar/
cavernous sinus areas. These may compress the pituitary
gland, optic nerves and chiasm, and midbrain.’® Chordo-
mas can extend ventrally through the clivus to present
as a nasopharyngeal mass causing nasal obstruction or
dysphagia.'® Chordomas extending from the dorsal clivus
can compress the midbrain, pons, and medulla. Tumors
extending dorsolaterally can involve the petrous tempo-
ral bone. Although chordomas are usually extradural, they
may infiltrate and penetrate the cranial dura; dural inva-
sion usually occurs late in the course of aggressive tumors.
Surgical durotomies may facilitate the intradural extension
of chordomas. Chordomas very rarely arise as primary in-
tradural intracranial neoplasms.!”'® Metastasis usually oc-
curs late in the course of the disease and is seen clinically
in ~10 to 20% of cases.'® Metastatic potential has not been
correlated with any histologic or clinical features. The most
common metastatic sites are skin, bone, lung, and lymph
nodes. Intradural metastases of skull base chordomas are
rare, and most occur following surgery.?° Tumor recurrence
may occur along routes of surgical access. Although me-
tastases can be found in up to 40% of patients at autopsy,'®
local tumor growth is usually the predominant threat to
patient function and survival.

Chondrosarcomas are mesenchymal, but their precise
cell of origin is controversial; embryonal cartilaginous
rests, mesenchymal pluripotent cells, and metaplastic fi-
broblasts have been proposed.'®?' Although they can occur
anywhere in the skull base, most cranial chondrosarco-
mas occur at skull base synchondroses,? notably those
involving the clivus. Sixty-six percent are located at the
petro-occipital junction (arising from the petroclival syn-
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chondrosis), 28% at the spheno-occipital synchondrosis,
and 6% in the sphenoethmoid complex.'? Isolated chondro-
sarcomas are usually paramedian, but when part of Ollier
or Maffucci syndrome, they may be midline.?* Chondrosar-
comas originate as extradural tumors. Most grow slowly,
destroy bone, and eventually extend into surrounding soft
tissue. Most are low-grade malignancies'? and have a much
better prognosis than do chordomas.?** The major con-
cern after treatment is local recurrence.?6 Metastases occur
late, if at all, and affect no more than 10% of patients.!!??

¢ Pathology

Small chordomas and chondrosarcomas appear to arise
within cranial bone, and with growth, they erode normal
bone structures, displace the overlying periosteum and
dura, and develop a nodular surface. They are not encapsu-
lated, but the thinned sheath of expanded periosteum and
dura often forms a pseudocapsule. Ultimately, these tu-
mors erode cranial foramina and compress cranial nerves,
brain, and basal arteries.

Chordomas are grayish tan to bluish white, with a con-
sistency that ranges from gelatinous to leathery and a tex-
ture that ranges from smooth to gritty. They may have soft
foci of hemorrhagic necrosis or firm, calcium-dense areas.
Histologically, chordomas are characterized by lobules and
nests of large epithelium-like cells separated by fibrous
strands. Tumor cells are arranged in sheets or cords in a
background of myxoid stroma. They have abundant pink
cytoplasm and moderately sized nuclei with mild to mod-
erate atypia. Some cells have clear vacuoles, which impart
a characteristic “bubbly” appearance to the cytoplasm.
These “physaliferous” cells are large and vacuolated, and
they contain mucus; they resemble the cells of the primi-
tive notochord. Mitoses are limited and necrosis is com-
mon. Chordomas are immunohistochemically positive for
cytokeratin, epithelial membrane antigen, carcinoembry-
onic antigen, and o-fetoprotein. Some chordomas stain
positive for S-100 protein; this differentiates them from
other sarcomatoid round cell or myxoid neoplasms.! Stain-
ing for brachyury, SOX-9, and podoplanin (markers for
primitive notochord) helps distinguish chordoma from
chondrosarcoma.?’

Chondrosarcomas are osteocartilaginous tumors with
varying grades of malignancy. Macroscopically, they are
nodular and gray to tan-white. The tumor consistency
can be mucinous, firm, or gritty. Large yellow-white or
chalky areas of calcification may be present. Chondro-
sarcomas erode cancellous bone and extend peripher-
ally into soft tissue. Microscopically, four classic types of
chondrosarcoma have been described: conventional, clear
cell, dedifferentiated, and mesenchymal.’>?® Most skull
base chondrosarcomas are of the conventional type. Con-
ventional chondrosarcomas are composed of hyaline or
myxoid cartilage or a combination of both. The neoplastic
chondrocytes lie in clear lacunae within the hyaline ma-
trix. Myxoid chondrosarcomas have bipolar or stellate neo-
plastic cells that float in a background of mucinous matrix.
Tumor cells are arranged in a honeycomb of interconnect-
ing strands and cords. They rarely have mitoses. As in chor-

domas, immunohistochemistry is positive for vimentin
and S-100.'2 In contrast to chordomas, however, chondro-
sarcomas typically do not express epithelial markers such
as keratin and epithelial membrane antigen'?> or markers
for notochord differentiation.?’2°3° Tumors are graded his-
tologically (1-3) based on cellularity, mitotic activity, and
nuclear atypia. Tumor grade is predictive of invasiveness,
growth rate, metastatic potential, response to therapy,
and outcome.???'-34 Grade 1 chondrosarcomas typically do
not metastasize. Grade 2 chondrosarcomas have a higher
metastatic tendency (10%), and grade 3 tumors have sig-
nificant metastatic potential.

¢ Challenges

The sellar and parasellar location of chordomas and chon-
drosarcomas presents formidable challenges to effective
treatment. The relative inaccessibility of these areas and the
propensity for local invasion of tumor with involvement of
critical neural and vascular structures pose technical chal-
lenges to surgical resection. Despite such challenges, the
combination of surgery and radiation can offer cure for
most low-grade chondrosarcomas and provide significant
control of chordomas and high-grade chondrosarcomas.

& C(linical Presentation

Patients with a sellar or parasellar chordoma or chondro-
sarcoma typically present with headache and/or cranial
neuropathies.''%123536 Unilateral abducens nerve palsy is
the most common clinical sign. Hearing loss, dysphagia,
dysarthria, and tongue weakness occur when the tumor
extends to the basiocciput and affects the middle and
lower cranial nerves.® Compression of the brainstem may
manifest with sensory or motor signs. Endocrinopathies
may result from involvement of the pituitary gland.

¢ Natural History

Patients with chordomas have a poor prognosis if un-
treated, with a mean duration of survival ranging from
6 to 28 months."” Patient age and gender, the histologic
appearance of the tumor, the therapy received, and tumor
recurrence have prognostic significance. Older patients
generally do worse.? In one series, all patients with tumors
diagnosed at age 40 years or younger were alive 5 years
later, in contrast to only 22% of patients with tumors diag-
nosed at age older than 40 years.>® Women have a poorer
outcome than do men. A high mitotic rate also correlates
with rapid growth and poor outcome. The natural history
of chondrosarcomas is better, especially low-grade tumors.
Nonetheless, most patients die without treatment.'® His-
tologic grade is strongly correlated with survival; patients
with grades 1, 2, and 3 tumors had 5-year survival rates of
90%, 81%, and 43% respectively.>* The combination of sur-
gery and radiation offers longer maintenance of neurologic
function and survival. All patients warrant comprehensive
evaluation, and most require aggressive treatment.
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¢ Radiologic Investigations

Chordomas and chondrosarcomas are difficult to defini-
tively distinguish radiologically.>®* Chordomas are typically
centered in the midline, whereas chondrosarcomas are
usually paramedian. Both tumors may compress, displace,
invade, or envelop critical surrounding structures, such as
cranial nerves, cavernous sinuses, vessels of the circle of
Willis, and the brainstem.*°

Radiologic evaluation narrows the differential diagnosis
and facilitates treatment planning (Table 9.1). Computed
tomography (CT), in both the axial and coronal planes,
determines the extent of osseous erosion and depicts in-
tratumoral calcification. On soft-tissue-window CT scans,
involvement of adjacent structures can be identified to

some extent, although magnetic resonance imaging (MRI)
is far superior in this regard. Chordomas often appear to
be of relatively low density on CT owing to their mucoid
content, and they typically enhance only minimally or
mildly after the administration of iodinated contrast mate-
rial. Chondrosarcomas are typically not as low in density
as chordomas, and they are more likely to enhance moder-
ately after contrast administration, often in a “honeycomb”
or “popcorn-like” pattern.

MRI is essential for accurate differential diagnosis and
for defining the extent of the tumor (Fig. 9.1). Both chor-
domas and chondrosarcomas are usually hypointense or
isointense to soft tissue on T1-weighted images and hy-
perintense on T2-weighted images.*’ Chondrosarcomas
are more likely to have a speckled pattern of signal voids,
indicative of tumor calcification, although occasionally re-

y Ti

Fig. 9.1 (A,B) Chordoma and (C,D) chondrosarcoma. These can be difficult to distinguish radiologically. The chordoma is typically centered
in the midline, is homogeneously bright on T2-weighted images, and enhances to a variable extent on post-gadolinium images; in this case,
the enhancement is quite intense. The chondrosarcoma is more commonly centered off midline, although in this case its location is similar to
that of most chordomas. The lesion shown here has areas of low signal on post-contrast and T2 images owing to intratumoral calcification. In
the absence of calcification, chondrosarcomas are typically homogeneously bright on T2-weighted images and enhance intensely and homoge-
neously after gadolinium. (A,C) T1-weighted image with contrast. (B,D) T2-weighted image.
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Table 9.1 Differential Diagnosis of Clival Masses
Chondroma
Chondrosarcoma
Chordoma
Craniopharyngioma
Eosinophilic granuloma
Fibrous dysplasia
Lymphoma
Meningioma
Metastases
Nasopharyngeal carcinoma
Neurofibroma
Osteoma
Osteoblastoma
Pituitary adenoma

Plasmacytoma/multiple myeloma

sidual fragments of bone may appear as signal voids on MRI
in chordomas. Enhancement following the administration
of a gadolinium-based contrast agent is almost always
present.* Chordoma enhancement is variable and ranges
from minimal to fairly intense; it often increases over time,
such that the tumor will appear more intensely enhancing
on delayed images. Chondrosarcoma enhancement is gen-
erally more intense than that of chordomas, and it can be
heterogeneous owing to intermixed calcification. Tumor
extension into the basal cisterns, cavernous sinuses, and
adjacent regions such as the sella and nasopharynx is well
delineated on MRI. The relationship of the tumor to the in-
ternal carotid and basilar arteries, especially any displace-
ment or encasement, can be assessed by examining flow
voids on MRIL.# Angiography'® with test balloon occlusion
may be indicated if vessel sacrifice is contemplated.

¢ Treatment

Various options exist for the management of sellar and
parasellar chordomas and chondrosarcomas. These include
clinical and radiologic observation, biopsy followed by ob-
servation, biopsy followed by radiation, surgical removal,
surgical removal followed by radiation, and chemotherapy.
The appropriate choice of treatment requires confidence in
the diagnosis, familiarity with the various treatment op-
tions, and predicted treatment outcome in the context of
the individual patient.

The diagnosis of the tumor is usually based on charac-
teristic radiographic features, as discussed above, although
distinguishing chordoma from chondrosarcoma may not
be possible without tissue sampling. Occasionally, a pre-
liminary biopsy is indicated if the patient’s age, medical
condition, and neurologic deficits or the tumor’s size and
location contraindicate surgery and only radiation ther-
apy will be offered. Additionally, a biopsy should be per-
formed if other possibilities, such as metastasis, pituitary
adenoma, and lymphoma, cannot be excluded on the basis

of imaging alone. In this situation, the biopsy can often be
performed at the start of an intended resection. Because
chordomas and chondrosarcomas are predominantly ex-
tradural, standard stereotactic needle biopsy techniques
may not be useful, and biopsy is more likely to be success-
fully performed through the nose.

Extensive resection and high-dose radiotherapy for both
chordomas and chondrosarcomas are associated with better
tumor control and longer patient survival'®2423644 than is ob-
servation, surgery alone, or radiation alone. Patients should
be evaluated by a multidisciplinary treatment team that in-
cludes a neurosurgeon, an otolaryngologist, and a radiation
oncologist. A comprehensive treatment plan that maximiz-
es tumor control and minimizes iatrogenic complications
should be fashioned for each patient. Surgery is generally
indicated as the first step toward the restoration or preserva-
tion of neurologic function, with radiation therapy to follow.

The surgical approach should be tailored to the goal cho-
sen for each individual patient. The goal of surgical resec-
tion may vary from complete en bloc excision to piecemeal
gross total resection of the tumor to radical subtotal re-
moval that decompresses critical neurovascular structures
and improves tumor geometry for postoperative radio-
therapy. The choice of the surgical approach depends on
the size, site of origin, and direction of expansion of the
tumor; involvement of critical neurovascular structures;
prior treatment; the patient’s overall health; and the sur-
geon’s technical expertise with the approach.

¢ Surgery

Surgery is usually the initial therapeutic modality for chordo-
ma and chondrosarcoma. It is indicated to obtain diagnostic
tissue, relieve neurologic symptoms, and resect tumor. Ad-
vances in skull base surgery have improved surgical outcome
with respect to extent of resection, neurologic morbidity, and
cosmesis (Fig. 9.2). For some tumors, staged operations via
multiple approaches may be required to obtain satisfactory
tumor exposure and removal. Microscopic and endoscopic
techniques may both be helpful.# If reoperation is being
planned, the sequelae of the earlier operation, such as scar
tissue and distortion of the normal anatomy, must be taken
into account. A fresh route of access is often preferred.

Many chordomas and chondrosarcomas of the sella and
parasellar region pose significant challenges to complete resec-
tion by virtue of extensive bone involvement and their proxim-
ity to or envelopment of critical neural and vascular structures.
The basic strategy is to maximize exposure of tumor and in-
volved critical structures with minimal brain retraction. Co-
ordination between neurosurgeons and otolaryngologists can
achieve both improved exposure by traversing air sinuses or
removing bone and more secure repair of the skull base defect
with vascularized soft tissue flaps, which minimize the risks
for cerebrospinal fluid (CSF) leakage and infection.

Surgical Approaches

The surgical approaches to chordomas and chondrosar-
comas of the sella and parasellar region can be grouped
according to whether they are exclusively midline or also
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Fig. 9.2 Clival chordoma. (A,B) MRI before and (C,D) after resection. A 46-year-old man presented with diplopia and a right sixth nerve palsy.
Preoperative MRI (coronal and sagittal T1-weighted images with contrast) shows a subsellar mass of clival origin with intradural extension com-
pressing the pons above a horizontally oriented midbasilar segment. An endoscopic transsphenoidal approach was employed. Postoperative
MRI (coronal and sagittal T1-weighted images with contrast) demonstrates gross total resection of tumor and expected postoperative changes

in the sphenoid sinus and clivus.

have lateral extension“® (Table 9.2). An extradural ap-
proach is generally used because most of these tumors
are extradural.#’ This allows access to the bone of ori-
gin. When the overlying dura is infiltrated, the involved
bone must be removed to approach the infiltrated dura.
Tumor-infiltrated bone should always be drilled away,
even if it is not restricting access to dural and intradural
tumor.

Tumors limited to the sella and the immediately ad-
jacent suprasellar, infrasellar, and cavernous sinus ar-
eas can be approached by a simple transsphenoidal
approach.*4% A transnasal approach, or a combination of
transnasal and transoral approaches, can be used to ac-
cess the inferior midline extension of tumor down to the
C1 vertebra. Suprasellar midline tumor extension that lies
between the supraclinoidal internal carotid arteries can
be accessed if the transsphenoidal approach is extended
by removing the tuberculum sellae and adjacent planum
(transtubercular, trans-planum). Even large, posteriorly
directed intracranial extensions of the tumor that grow
posteriorly through the dura to displace the brainstem

can be removed by such extended transsphenoidal ap-
proaches.’®->¢ Rigid endoscopes or the operating micro-
scopes can be used. The endoscope’s wide-angled view,
illumination, and high magnification improve visualiza-
tion of the surgical anatomy, and angled endoscopes can
extend the surgical field laterally, superiorly, and inferi-
orly. Because this endoscopic view is two-dimensional, it
requires supplementation with tactile and proprioceptive
clues to depth (Table 9.2).

Suprasellar extension of firm tumor that extends later-
al to the internal carotid arteries or incorporates cranial
nerves or intracranial vessels usually warrants a craniofa-
cial procedure. This combines the suprasellar exposure of
a frontal craniotomy with the clival access of a transnasal,
transsphenoethmoid approach. This approach can be en-
doscopically assisted. The transbasal and extended sub-
frontal approaches attempt to achieve a similar exposure
from a single perspective.'4>7

Parasellar tumors extending inferiorly in the midline
and paramedian lower clivus are accessible through a
transnasal, transsphenoidal, transclival approach. Even
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Table 9.2 Surgical Approaches to Chordoma and Chondrosarcoma of the Sella and Parasellar Region

Location of tumor Surgical approaches

Structures at risk Complications

Sellar (midline) * Transsphenoidal

Clival (midline) * Transsphenoidal extended

¢ Subfrontal

Sellar + suprasellar (midline) e Transsphenoidal extended

Sellar + infrasellar (midline) * Transsphenoidal extended

* Transethmoid (lateral rhinotomy)

* Transoral
Sellar + inferior clival * Transsphenoidal + transoral
(midline)
Parasellar * Frontotemporal

e Transcavernous
* Transnasal-maxillary

* Transfacial
e Transnasal-maxillary

Lateral sinus—
pterygopalatine

Petroclival (midline)

Petrous (posterior)

* Anterior transpetrosal (subtemporal)

* Posterior transpetrosal (presigmoid)

Optic apparatus,
ICA, CSF

Optic, CNs VI and XII,
pituitary, CSF, frontal lobe

Blindness, stroke, hypopituitarism,
CSF fistula

Blindness, stroke, diplopia,
hypopituitarism, CSF fistula,
frontal hematoma

Optic, ICA, pituitary, CSF Blindness, stroke, hypopituitarism,

CSF fistula

Blindness, stroke, diplopia,
hypopituitarism, CSF fistula,
epiphora

Optic, ICA, CNs VI and XII,
pituitary, CSF

Optic, ICA, CNs VI and XII,
pituitary, CSF

Optic; ICA; CNs I, 1V, VI,
and XII; pituitary; CSF

Blindness, stroke, diplopia,
hypopituitarism, CSF fistula

Blindness, stroke, diplopia,
hypopituitarism, CSF fistula

Optic, ICA, CNs VI and XII,
pituitary, CSF

Blindness, stroke, diplopia,
hypopituitarism, CSF fistula

Temporal lobe, ICA,
CNs llI-VI

CNs VI-XI, AICA, temporal
lobe, brainstem

Temporal hematoma, stroke,
CN palsies

CN palsies, stroke, temporal
hematoma, brainstem injury

Abbreviations: AICA, anterior inferior cerebellar artery; CNs, cranial nerves; CSF, cerebrospinal fluid; ICA, internal carotid artery.

further inferior extension to the craniovertebral junction,
C1, and dens requires the addition of a transodontoid ap-
proach, which is usually transoral.’® Tumors with signifi-
cant lateral and inferior extension require the addition of
a more oblique approach, such as the posterolateral or far
lateral approach.>

The lateral extension of parasellar and midclival tumors
anterior to the internal carotid arteries may be accessed
by adding various degrees of maxillotomy to a more mid-
line transnasal (endoscopic) or transfacial (microscopic or
endoscopic) approach.5® More posterior tumors with para-
sellar extension, especially when superior or lateral to the
cavernous internal carotid artery, usually require a fron-
totemporal craniotomy; this may include dissection of the
involved cavernous sinus.5'62

Parasellar tumor involving the petrous apex, tentorium,
and subjacent posterior fossa can be exposed by a sub-
temporal, anterior transpetrosal route.5>%4 Larger tumors
extending medially, inferiorly, and posteriorly usually re-
quire one of the posterior transpetrosal approaches. A pre-
sigmoid exposure is common to this group, but the extent
of labyrinthectomy is dictated by the location, size, and
consistency of the tumor and the status of the patient’s
hearing.5> These lateral approaches have the advantage of
avoiding the potentially contaminated nasal sinuses and
oropharynx. In some cases, the risks for CSF leak and in-
fection can be reduced by using a two-stage procedure: a
lateral approach for removal of the intradural lateral tumor
and dural repair followed by an anterior approach for the
sellar midline tumor.

Surgical Technique

Chordomas often have two intermixed components: a soft,
gelatinous portion within expanded bone or dura and a
more sinewy part infiltrating and expanding the dura or
extracranial soft tissue. The gelatinous part can be easily
removed by suction or gentle dissection and curettage.
The surrounding thickened arachnoid usually protects cra-
nial nerves, brainstem, and vessels, except in reoperations,
when this protection has been previously transgressed.
In these reoperations, the tumor may surround cranial
nerves and extend between brainstem arteries and the pia.
Aggressive resection then risks cranial nerve injury and
brainstem stroke from injury to perforating arteries. The
sinewy portion requires more sharp dissection because
the plane between tumor and the surrounding soft tissue
is often obscured by tumor invasion. Whenever possible,
thickened and thus potentially infiltrated dura and extra-
dural soft tissue should be excised.

Chondrosarcomas are more discrete and thus often are
more completely resectable than chordomas. Some chon-
drosarcomas may be heavily calcified and firmly fixed to
the skull. These can be removed only by fragmenting them
or by drilling. Before these calcified fragments are manipu-
lated, it is essential to first identify and dissect tumor from
adjacent cranial nerves and critical vessels. Incorporation
of cranial nerves or vessels within the calcified tumor may
warrant subtotal resection to preserve function.

Adherence to some basic principles helps reduce the
incidence of surgical complications (Figs. 9.3, 9.4, and
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9.5). First, removal of bone is almost always preferable to
retracting brain as a means of gaining exposure, with the
exposure only as large as is required to remove the tumor.
The more extensive the dissection, the greater is the risk to
cranial nerves, vessels, and dura (Fig. 9.3).

Second, for tumors with intradural extension, the dural
defect must be closed securely, especially when the ap-
proach traverses the nose or oral cavity. Removal of in-
volved bone and dura in transnasal, expanded, extended
transsphenoidal approaches can often be complicated by
CSF rhinorrhea and meningitis.”® Historically, these oc-
curred in 10 to 50% of patients who had tumors with a
significant intradural component. These complications
can be minimized by a meticulous, multilayered closure,
preferably one in which at least one layer is vascularized.
Dural openings should be sutured primarily if possible, or
closed with autologous fascia or dural substitute if primary
closure is not feasible. If a graft cannot be sewn in, an in-
lay graft of dural substitute or fascia should be placed such
that its edges lie deep to the margins of the dural opening.
This is then covered with a thin layer of tissue adhesive
followed by an onlay graft of fascia or dural substitute.
This onlay graft can be held snugly in gasket seal fashion
by a firm plate (thin bone or cartilage, polyethylene glycol

plate, or titanium wire mesh) wedged beneath the margins
of the bone opening®® (Fig. 9.4). The plate can then be cov-
ered with more tissue adhesive followed by vascularized
soft tissue, such as the Hadad-Bassagasteguy flap (nasal
septal pedicled mucosa fed by the posterior nasal artery)®’
in transnasal approaches, pericranium for subfrontal cra-
niotomies, or temporalis fascia and muscle for lateral ap-
proaches (Fig. 9.4). Insecurely repaired large openings
mandate temporary drainage of CSF through a ventriculos-
tomy or lumbar drain.

Third, dissection should be meticulous. Approaches to
these tumors frequently require maneuvering around the
internal carotid and basilar arteries and cranial nerves.
Adherence to microsurgical techniques, facilitated by en-
doscopic illumination, magnification, and angulation, per-
mits safe tumor removal (Fig. 9.5). Inadvertent injury to
the basilar and internal carotid arteries or their branches
can be catastrophic. Similarly, the greatest care must be
taken to avoid injury to the cranial nerves. Close atten-
tion to anatomic keys is essential.®® Neuronavigation tech-
niques are very helpful.®® The pseudoencapsulated nature
of both chordomas and chondrosarcomas and the soft
consistency of the intradural extensions of chordomas
facilitate separation of tumor from nerves and blood ves-

Fig. 9.3 Removal of a clival chordoma. (A) Extradural tumor (depicted radiographically in Fig. 9.2) is removed, and the mid clivus is drilled
away. (B) The dura is opened, and intradural tumor is debulked. (C) Tumor is dissected from the brainstem. (D) Pons, after tumor removal, with

basilar artery traversing inferiorly.
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Fig. 9.4 Repair after resection of a clival chordoma. (A) Tumor specimen (removed as shown in Fig. 9.3). (B) Inlay graft of dural repair matrix.
(C) A gasket seal closure with dural repair matrix and a polyethylene glycol plate. (D) A pedicled septal mucosal flap placed over the closure.

Fig. 9.5 Parasellar petroclival chondro-
sarcoma. (A) Contrast-enhanced axial
preoperative MRI and (B) postoperative
CT scans of a parasellar chondrosarco-
ma of the right posteroinferior cavern-
ous sinus and petrous apex invaginating
the pons and enveloping the basilar ar-
tery in a patient with intact hearing. The
tumor was removed by a transpetrosal,
retrolabyrinthine approach in which
hearing was preserved.
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sels. These structures are more likely to be displaced than
invaded. The exception occurs at neural foramina, where
nerves, surrounded by tumor-infiltrated bone, are most
vulnerable to injury. Here and in the cavernous sinuses, it
is sometimes preferable to leave small deposits of tumor
rather than risk injury to a cranial nerve. Intentional sacri-
fice of a cranial nerve is almost never justified by a desire
to obtain a complete resection of tumor because residual
tumor can be treated by postoperative radiation therapy.

Fourth, the intent of surgery, as formulated preopera-
tively, must always be kept in mind. Not infrequently, the
goal of surgery is to remove sufficient tumor to optimize
the geometry of the tumor bed for subsequent radiation
therapy. Because radiation exposure of the brainstem or
optic pathways is the most common factor limiting the
dose that can be given to these tumors, the primary indi-
cation of surgery is the removal of tumor invaginating the
brainstem and in proximity to the optic nerves or chiasm
(Fig. 9.6). Reduction of tumor mass is helpful in reducing
radiation target volume, but the advantage conferred by
reducing the tumor burden decreases at low tumor vol-
umes® (Table 9.3). This diminishing return, coupled with
the relatively indolent growth of low-grade chondrosarco-
mas and the microscopically invasive nature of chordomas
and of higher-grade chondrosarcomas, makes aggressive
efforts at total resection ill advised (Fig. 9.7).

Surgical Outcomes

Most studies of skull base chordomas and chondrosarco-
mas offer evidence that surgical resection helps extend
survival.?>365770-76 Jawad and Scully’ reviewed 962 treat-
ed chordomas. They found that size less than 8 cm, age
younger than 59 years, Hispanic ethnicity, and surgical

resection were all independent predictors of longer sur-
vival. Durations of survival were very similar for patients
with “inoperable” disease and those for whom “surgery
was recommended but not performed,” suggesting that
the benefits of surgery were not necessarily attributable
to selection bias. In another series of 51 patients with in-
tracranial chordomas, the 40 patients whose tumors were
resected (partially or completely) were more likely to sur-
vive 5 years (55%) than were the 11 whose tumors were
only biopsied (36%).° A more complete resection may also
be associated with a better outcome than a less aggressive
approach.’®74 There are a few reports of long-term disease-
free survival following radical resection alone.'®’”” These
studies support attempting radical surgical resection in all
patients in whom it is feasible.

Some surgical series in which radical resection was fol-
lowed by radiation therapy report even better rates of tu-
mor control. In one series of 60 patients (46 chordomas and
14 low-grade chondrosarcomas), no tumor recurrence was
found in 80% at 3 years and 76% at 5 years after surgery.'”
Patients with chondrosarcomas did better than those with
chordomas (5-year recurrence-free survival rates of 90%
and 65%, respectively). However, 11 patients died during
the postoperative follow-up period: 3 of systemic com-
plications within 3 months of surgery, 5 of tumor recur-
rence, 1 of unrelated causes, and 2 of late complications
of radiotherapy. The rates of nonlethal complications, such
as CSF fistula, meningitis, and cranial nerve deficits, were
also significant. This experience suggests that aggressive
attempts to remove all tumor must be justified by both
longer patient survival and avoidance of serious neurologic
and functional compromise.!%44

Morbidity and mortality rates for surgical resection of
chondrosarcomas are similar to those for chordomas. Some
authors argue that complete excision of a low-grade chon-

Fig. 9.6 Postoperative CyberKnife plan for
chordoma. The resection field in the same
patient shown in Figs. 9.2 through 9.4 was
treated with 35 Gy in five fractions, the
equivalent of 80 Gy in 2-Gy fractions. Dose
to the brainstem surface was less than 22 Gy
in five fractions, the equivalent of 35 Gy in
2-Gy fractions.
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Table 9.3 Surgical Series

No. Radiation
patients  Tumor type(s) Surgical resection therapy Complications Outcome Author (year)
38 Chordoma Watkins et al (1993)
17 8 Chordoma GTR 53% XRT 59% Sen et al (1989)
9CS
60 46 Chordoma 67% GTR or NTR XRT 8%, 30% CSF leak, 84% recurrence-free  Gay et al (1995)
14 CS P-P 10%, 10% meningitis, for 5 years with TR,
SRS 2% 40% decreased 64% with STR
Karnofsky score
51 Chordoma 11 BX XRT 76% 51% 5-year survival Forsyth et al (1993)
(19 chondroid) 40 STR
25 Chordoma GTR 43%, NTR 48%,  P-P 74%, Stroke, CN Il palsy, 4 died, Al-Mefty & Borba
STR 9% XRT 9% hemianopia 5 with recurrence, (1998)
16 recurrence-free
13 10 Chordoma Pedicled rhinotomy, P-P Palatal tear, CSF Ojemann et al (1995)
1CS subtotal leak + meningitis,
lacrimal sac injury
36 Chordoma GTR or NTR in 62% 22% No CSF leak, 14% 5-year mortality, Menezes et al (1997)
meningitis, or 19% recurrence

new CN deficit

Abbreviations: BX, biopsy; CN, cranial nerve; CS, chondrosarcoma; GTR, gross total resection; NTR, near-total resection; P-P, proton-photon radiotherapy;
SRS, stereotactic radiosurgery; STR, subtotal resection; TR, total resection; XRT, conventional radiotherapy.

Fig. 9.7 Contraindications to surgery. At-
tachment of firm, calcified tumor to criti-
cal arteries can preclude safe total tumor
removal. (A-C) MRI, T1 with contrast and
(D) CT scan of sellar and parasellar chon-
drosarcoma. This lesion is heavily calcified,
as evidenced by the low signal areas on MRI
and the high density on CT. The left internal
carotid artery is encased by tumor.
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drosarcoma obviates the need for postoperative irradia-
tion. Among patients who underwent complete resection
of their tumor but not postoperative radiation therapy,
78.3% experienced 5 years of recurrence-free survival.?>’8
A superior outcome for even completely resected tumors
following surgery and high-dose radiation therapy argues
for the use of adjuvant radiotherapy.

¢ Radiation Therapy

The risk for microscopic residual tumor even after complete
gross tumor resection is very high for almost all chordomas
and for many chondrosarcomas. Local regrowth of these tu-
mors in the skull base is not unusual, even after aggressive
surgical treatment. Postoperative radiation therapy target-
ing the entire tumor volume is therefore indicated for all
chordomas, incompletely resected low-grade chondrosar-
comas, and higher-grade chondrosarcomas. Multiple clini-
cal series document longer survival of patients with this
approach.!>6103679-87 One meta-analysis of 464 chordomas
with a mean follow-up of 39 months found that younger
age, chondroid histology, and treatment with surgery and
radiation correlated with lower recurrence rates.”

The efficacy of radiation therapy of chordomas and
chondrosarcomas is highly dependent on the dose deliv-
ered.>>#88 Lower doses of 45 to 60 Gy are associated with
poor rates of progression-free and overall survival. Recur-
rence rates of 50 to 100% have been reported in chordomas
treated with conventional irradiation.?>% Higher-dose radi-
ation (66-84 Gy) can delay or prevent recurrence. The goal
is to deliver these higher doses in a highly conformal way to
maximally target tumor volume but spare adjacent radio-
sensitive structures from exposure beyond their tolerance.
Exclusion of the optic nerve and chiasm at 55 to 60 CGE*®
(cobalt gray equivalent) may protect vision, and exclusion
of the pituitary at 50 CGE may prevent endocrinopathies.”

Irradiation techniques include intensity modulation ra-
diotherapy, conventionally fractionated radiotherapy, ex-
ternal beam photon radiation, particle beam radiotherapy,
and stereotactic radiosurgery.

Intensity modulation radiotherapy modulates the dose
intensity pattern of conventionally fractionated radiation
to match the tumor shape. In one series of chondrosarco-
mas, postoperative fractionated radiotherapy provided a
5-year recurrence-free survival rate of 100%.%>

Takahashi et al®' reported the results of carbon ion radia-
tion therapy in 9 of 32 patients following aggressive resec-
tion of a skull base chordoma. The 3-year recurrence-free
survival rate following carbon ion therapy was 70%, com-
pared with 57.1% after conventional radiotherapy and 7.1%
in the untreated group.

Conformal proton radiation has been delivered to chor-
domas in high doses ranging from 66.6 to 79.2 CGE (me-
dian, 68.9 CGE).87929 A recent review of 416 chordomas
treated with proton beam therapy in seven uncontrolled
single-arm studies®” found better outcomes and fewer
complications for proton beam than had been reported
for conventional radiation. In the largest single-institution
proton beam series, the 5-year local tumor control rate
was 54% for 125 chordomas and 98% for 130 low-grade

chondrosarcomas.”® Favorable prognostic factors for the
long-term control of chordomas were male gender, small
tumor volume, and high minimum dose. In another study,
mixed photon-proton beam irradiation of chordomas to
75.6 to 82.9 CGE yielded 5- and 10-year local recurrence-
free survival rates of 64% and 42%, respectively.** For chon-
drosarcomas treated with 66 to 83 CGE, the 5- and 10-year
local recurrence-free survival rates were 97% and 92%,
respectively.”* In these proton series, relapse was over-
whelmingly local. After local relapse, the actuarial rates of
survival for patients with chordomas were 44% at 3 years
and 5% at 5 years.”

Stereotactic radiosurgery targets high doses of X-rays
from a linear accelerator (LINAC) or CyberKnife or gamma
rays from cobalt sources (gamma knife) to a tumor in one
to five treatment sessions. This precisely targets tumor
very close (within 2-3 mm) to critical structures® (Fig.
9.8). Because the risk for injury rises with targeted volume,
radiosurgery is usually limited to tumor volumes less than
10 cm?. Radiosurgery may be particularly useful in treating
small unresectable residual or recurrent chondrosarcomas
or chordomas.®’

Henderson et al®? reported excellent outcomes follow-
ing CyberKnife therapy of 24 tumors. They recommended
a dose of 40 Gy in five sessions to the clinical treatment
volume, defined as the gross tumor volume and a 1-cm
margin. In another radiosurgical series including both
types of tumor, 3 of 15 patients died of local tumor recur-
rence outside the target volume, and one died of intercur-
rent disease. Of the 11 surviving patients, 10 had tumors
that were unchanged or smaller during the mean 4-year
follow-up period. No neurologic or endocrine toxicity was
observed.? This series highlights the challenges these tu-
mors pose for radiosurgery. Unlike benign encapsulated
tumors (eg, meningiomas and vestibular schwannomas) or
metastases (which are usually spherical), chordomas and
chondrosarcomas are irregularly invasive. These tumors
are often quite large at diagnosis and even after aggressive
resection may present a large volume at risk for recurrence.
The microscopic and even gross tumor limits can be chal-
lenging to define radiographically. Once the target is deter-
mined, the irregular shape of the tumor and limits created
by adjacent critical structures (optic pathways, brainstem)
require complicated multiple isocenter treatment plans.
Longer follow-up of larger number of patients is needed
to confirm the role of radiosurgery in these tumors with a
marked propensity to recur locally.

The risk for neurologic damage, such as brainstem in-
jury and death, visual field loss, and hypopituitarism, is
associated with all modalities of radiation therapy.6°°!98
Although newer, more conformal radiation strategies im-
prove efficacy and lower morbidity, local recurrence is
common, and many patients, especially those with chor-
domas, will suffer from the side effects of treatment.

¢ Tumor Recurrence

Almost all chordomas and some chondrosarcomas recur
despite radical resection and radiation therapy. In most
cases, recurrence will eventually prove fatal. When tu-



166 Sellar and Parasellar Tumors

Fig. 9.8 Stereotactic radiosurgery for parasellar chondrosarcoma. Radiosurgery may be an alternative for
tumors that cannot be removed safely. (A,B) MRI before and (C,D) 3 years after treatment with 30 Gy in
five fractions shows a marked reduction in tumor bulk and intensity of enhancement, consistent with an
excellent response to treatment.

mors recur, radiotherapy is offered for those that have not
been previously irradiated. Repeat resection to reduce the
tumor volume and alleviate brainstem compression may
be needed. Surgery for previously resected tumors carries
a higher incidence of complications,!® but when previ-
ously irradiated tumors recur, repeat surgical resection is
often the only choice. In one series, patients with relapse
of any kind after proton radiation had actuarial survival
rates of 43% at 3 years and 7% at 5 years. Local relapse car-
ried actuarial survival rates of 44% at 3 years and 5% at 5
years and distant recurrence rates of 25% and 12%, respec-
tively. Reoperation on 49 of 60 patients with locally re-
current tumor produced disease stabilization in 26 (53%)
and yielded actuarial survival rates of 63% at 2 years and
6% at 5 years, compared with a 2-year survival rate of 21%
for those receiving only supportive care.®> Therefore, re-
operation is of value in surgically accessible tumor recur-
rence, even though it is associated with greater risks and
has less survival benefit than primary surgery. Stereotac-
tic radiosurgery, too, may be useful for tumor recurrence.
Ito et al®® recently reported using gamma knife therapy in
patients who had recurrent disease following aggressive
resection of a clival chordoma. Among 19 patients who

underwent surgery, 11 had recurrence. Patients with re-
current tumors, some of whom received reoperation, un-
derwent gamma knife treatment. At a mean follow-up of
71 months, tumor control was achieved in all 11 patients
with recurrence.

¢ Chemotherapy

Chemotherapy is usually reserved for surgically inaccessi-
ble, previously irradiated recurrent tumor or for metastat-
ic disease. As advances in surgery and radiotherapy have
improved rates of local control, the effective treatment of
metastatic disease has become increasingly important. Up
to one-third of patients with chordomas develop distant
metastases,'*?°1% most commonly to the lungs, liver, and
bones.? Historically, chemotherapy has had poor effica-
cy.'”" Newer agents such as imatinib mesylate, a tyrosine
kinase inhibitor that targets several enzymes and a growth
factor expressed in chordomas, may offer improved out-
comes.'” A recent case report noted marked regression of
a recurrent chordoma following intratumoral injection of
carboplatinum.!®
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4 Conclusion

Chordomas and chondrosarcomas of the sellar and para-
sellar region are rare (Table 9.4). The relative inaccessibil-
ity of these areas of the skull base, the proximity of the
tumors to critical neurovascular structures, their relative
insensitivity to radiation and chemotherapy, and their
propensity to recur locally make them very challeng-
ing to treat. Treatment strategies are complex and re-
quire meticulous planning and execution of surgery and
high-dose radiation therapy. Such an approach can offer
cure for almost all low-grade chondrosarcomas and pro-
vide meaningful control of chordomas and high-grade
chondrosarcomas.
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10 Surgical Treatment of Rathke Cleft

Cysts

Erin N. Kiehna, Spencer C. Payne, and John A. Jane Jr.

Luschka provided the earliest description of a Rathke cleft
cyst (RCC) in 1860.! He described RCCs as “an epithelial
area in the capsule of the human hypophysis resembling
oral mucosa.” Over the next century, they were alternately
described as pituitary cysts, mucoid epithelial cysts, or col-
loid cysts until Frazier and Alpers finally identified them as
a lesion of the Rathke cleft in 1934.2 Just as the nomencla-
ture varied, so did the theories of origin. RCCs were vari-
ously believed to have originated from neuroepithelium,
endoderm, and metaplastic anterior pituitary cells*-® be-
fore they were finally identified as being derived from em-
bryologic remnants of the Rathke pouch.!°-16

It is now widely accepted that the Rathke pouch arises
from a dorsal outpouching of the stomodeum that comes
into contact with the downward outpouching of the neu-
roepithelium from the diencephalon. The pharyngohy-
pophyseal trunk separates from the oral epithelium and is
eventually completely severed by the sphenoid bone. The
resulting pouch is lined by epithelial cells of ectodermal
origin. The anterior and posterior walls become the pars
distalis and pars intermedia, respectively, and the residual
lumen involutes and normally regresses.>'s When it abnor-
mally expands, it is known as an RCC.

On histopathologic specimen, the cyst wall is lined with
a well-differentiated, ciliated columnar epithelium, which
may contain goblet or ciliated cells. The cyst contents are
primarily mucinoid, but appearances vary between lesions
from nearly clear fluid to seemingly purulent material
comprising necrotic debris.!” Leakage of the cyst contents
may result in inflammation that transforms the columnar
epithelium into a stratified squamous epithelium more
suggestive of a craniopharyngioma.'s

4 Prevalence

RCCs account for fewer than 1% of primary brain tu-
mors.?°-?> The majority of RCCs are probably never symp-
tomatic or diagnosed because there is a population
incidence of 3 to 22% on autopsy studies.!*!521:23-27 Clini-
cal series exhibit a nearly 2:1 female predominance, which
is generally attributed to the fact that pituitary dysfunc
tion is more readily apparent in females (ie, amenorrhea,

galactorrhea).'>?32428-31 This female predominance is not
evident in autopsy series.?*> Symptomatic RCCs may be di-
agnosed at any age,!>24303233

¢ Diagnosis

Progressive enlargement of the cyst may result in symp-
toms of anterior lobe dysfunction, posterior lobe dysfunc-
tion, stalk compression/distortion, visual phenomena, and
headaches (Table 10.1)."> The duration of symptoms may
range from a few days to years, with the more acute presen-
tations likely secondary to intracystic hemorrhage or leak-
age of cyst contents resulting in acute inflammation, 18293435
Headaches are generally the primary complaint in pa-
tients of any age, occurring in 70 to 85% of patients; they
are most frequently frontal in location, with an average du-
ration of 12 months before clinical diagnosis.>*-*7 In their
meta-analysis, Voelker et al found that children are more
likely to present with hypopituitarism, including growth
retardation and delay in sexual maturation, which take
place over months to years.'> Alternatively, adults usually
present with symptoms of pituitary stalk, anterior pitu-
itary, or posterior pituitary insufficiency. Men may develop
decreased libido, decreased body hair, and fatigue. Pre-
menopausal women may have amenorrhea (63%), galac
torrhea (63%), or diabetes insipidus.'>?4323839 Conversely,
postmenopausal women present with symptoms of pan-
hypopituitarism, constitutional symptoms, and/or mental
status changes.'” Visual phenomena, including bitemporal
hemianopsia, are also common in adults with symptoms of
long-standing duration.'® Hemianopsias or superior qua-
drantanopsias have been reported with RCCs as well.

¢ Endocrinologic Evaluation

Up to two-thirds of patients with RCC harbor endocrinopa-
thies secondary to hypothalamic, adenohypophyseal, neu-
rohypophyseal, and infundibular compression.?®3> RCCs
are associated with hyperprolactinemia secondary to pitu-
itary stalk compression in as many as 18% of patients.33%39
This is followed in frequency by hypocortisolism, hypo-
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Table 10.1 Clinical Presentation and Symptomatology

Visual

Anterior pituitary  Posterior pituitary

Reference Year Headache®  disturbance® dysfunction™ dysfunction™ Hyperprolactinemia™
Voelker et al 1991 49 56 69 13 7
el-Mahdy and Powell 1998 46 46 50 14 29

Shin et al 1999 65 38 81 4 46
Benveniste et al 2004 71 20 55 5 42

Kim et al 2004 81 47 30 13 25

Weiss et al 2004 Unknown 49 53 0 18
Kanter et al 2004 86 37 60 10 22

Frank et al 2005 14 23 41 5 18

Aho et al 2005 Unknown 49 78 0 Unknown
Madhok et al 2009 81 Unknown 19 Unknown Unknown
Kiehna et al 2010 68 21 58 0 31

*All numbers are percentages.

thyroidism, hypogonadism, and growth hormone defi-
ciency. Hypopituitarism with more than one axis affected
occurs in 10 to 15% of patients.>* A thorough evaluation
of the hypothalamic-pituitary-end-organ axis must be
performed before surgery because hypocortisolemia and
hypothyroidism can be associated with increased periop-
erative morbidity and mortality'¢ (Table 10.2). Stress-dose
hydrocortisone should be given to all patients with adre-
nal insufficiency at the time of surgery. Urine and serum
electrolytes and osmolarity should be analyzed preopera-
tively and postoperatively to assess for diabetes insipidus.
The hypothalamic-pituitary-end-organ axis should be
checked serially in follow-up to ensure integrity.

Table 10.2 Preoperative Evaluation of Patients with Rathke Cleft
Cyst

Imaging Magnetic resonance imaging + gadolinium with
pituitary sequences
Computed tomography for bony architecture
Vision Formal neuro-ophthalmologic examination
Visual fields
Endocrine Adrenocorticotropic hormone (ACTH)

Cortisol (am)
Follicle-stimulating hormone (FSH)
Luteinizing hormone (LH)

Growth hormone (GH), insulin-like growth
factor 1 (IGF-1)

Prolactin

Thyroid-stimulating hormone (TSH), free
thyroxine (T4)

Basic metabolic panel

Urine specific gravity and sodium

¢ Ophthalmologic Assessment

Up to one-third of patients with RCCs present with visual
dysfunction.® Most commonly, this manifests as dimin-
ished acuity or a visual field deficit. All patients should un-
dergo formal funduscopic, tangent screen, and perimetric
testing to establish a visual baseline and assess for clinical
signs of cyst growth and compression (Table 10.2).

¢ Diagnostic Imaging

The earliest reports of RCCs included skull radiographs
demonstrating asymmetry of the sellar floor second-
ary to sellar erosion, with or without abnormal calcifi-
cations.''4%41 The advent of computed tomography (CT)
more accurately depicted RCCs as well-circumscribed,
hypodense to isodense cysts with rare calcification in the
sella/suprasellar region.*? Variances in densities within the
cyst are likely due to variable concentrations of cholesterol
crystals or mucinoid contents.**-4> One-third to one-half of
RCCs are found within the sella.'$2%3435 Only a small num-
ber are exclusively suprasellar.#6-4°

Magnetic resonance imaging (MRI) scan with fine cuts
through the pituitary region should be performed to help
differentiate an RCC from other similarly appearing lesions,
such as epithelial cyst, dermoid cyst, epidermoid cyst, and
craniopharyngioma.”®>! An RCC appears as a characteris-
tic hypointense to isointense homogeneous cyst on T1-
weighted MRI that fails to enhance with contrast in the
majority of patients**** (Figs. 10.1 and 10.2). However, up
to 25% of patients may show some contrast enhancement
owing to cyst fluid extravasation and inflammatory chang-
es in the capsule.>* Hyperintense cyst fluid on T1-weighted
(Fig. 10.3) and T2-weighted MRI often has a high protein
content, and a fluid level may be present.3'#65952 Patients
with intracystic hemorrhage have cysts that are often hy-
perintense on T1 and hypointense on T2.>* Recent studies
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Fig. 10.1 Hypointense Rathke cleft cyst on T1-weighted MRI.

Fig. 10.3 Hyperintense Rathke cleft cyst on T1-weighted MRI.

have shown that RCCs are hypointense to brain parenchy-
ma on diffusion-weighted imaging and have a higher ap-
parent diffusion coefficient than do craniopharyngiomas
and pituitary adenomas.> Most lesions are centrally lo-
cated within the pituitary gland and are less than 1.5 cm in
diameter.>'%> Larger lesions may appear dumbbell-shaped
as they extend into the suprasellar region.’>#? If the cyst
continues to expand and obstructs the foramina of Monro
and the third ventricle, hydrocephalus may be present.'¢

Fig. 10.2 Isointense Rathke cleft cyst on T1-weighted MRI.

In the modern treatment era, gadolinium-enhanced MRI
should be performed with focused pituitary sequencing in
three planes (Table 10.2). This aids in diagnosis and opera-
tive planning, allowing the surgeon to understand the re-
lationship between the cyst and the optic nerves, chiasm,
pituitary, infundibulum, hypothalamus, carotid arteries,
and cavernous sinuses.'54246 CT may also be of benefit for
assessing the degree of calcification for diagnostic purpos-
es, as well as planning transsphenoidal approaches.

¢ Indications for Surgery

Asymptomatic patients with an incidentally discovered
cystic lesion in the sellar/suprasellar region should un-
dergo the appropriate endocrine, ophthalmologic, and
imaging evaluation, but treatment is rarely indicated. For
patients who present with headaches as their sole com-
plaint, a full headache evaluation and medical treatment
should be employed initially. When a patient has a large
but relatively asymptomatic cyst, serial imaging may be
used to assess for further cyst expansion or compression
of the optic chiasm. When a patient becomes symptom-
atic as a result of endocrinopathies or visual deficits, or if a
patient has medically refractory headaches, surgical inter-
vention is warranted.

¢ Operative Approaches

In 1934, Frazier and Alpers? performed the first successful
craniotomy for resection of “tumor of the Rathke pouch.”
Their patient was “gainfully employed and asymptomatic”
during the 3-year follow-up period. As such, RCCs were
primarily resected via craniotomy until the 1970s, when
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Hardy et al recommended the microsurgical transsphenoi-
dal approach.’®>” The incidence of aseptic meningitis sec-
ondary to rupture of cyst contents into the subarachnoid
space during a craniotomy has declined with use of the
transsphenoidal approach.?”-8

With more modern neuroimaging techniques to assist
in operative planning, newer techniques such as the direct
endonasal and endoscopic transsphenoidal approaches
have also proved to be safe and effective for fenestration
and/or resection of RCCs.>® Thus, the craniotomy is now
reserved for lesions with suprasellar or parasellar compo-
nents that would be difficult to access via the transsphe-
noidal route.’*® The surgical approaches are detailed in
Chapters 11 (“Transsphenoidal Approaches to the Sellar
and Parasellar Area”) and 12 (“Transcranial Approaches to
the Sellar and Parasellar Area”).

¢ Surgical Techniques

There are two main surgical treatment strategies for symp-
tomatic RCCs: simple fenestration and aggressive cyst wall
resection.'® The surgical decision making should take into ac-
count the patient’s age, sex, desire for fertility, and comorbid
medical conditions, in addition to the severity of symptoms.®’

The most common strategy for the treatment of RCCs
includes a fenestration of the cyst, evacuation of cyst con-
tents, and biopsy of the cyst wall!11>232429.304362 (Fig. 10.4).
Generally, there is little or no attempt to remove the cyst
wall from the surrounding gland, and when possible, the
sellar floor is not reconstructed, to allow the cyst to contin-
ue to drain into the sphenoid sinus.?® This strategy allows
relief of the symptomatology with little pituitary dysfunc-
tion but has previously been associated with a higher re-
currence rate in the literature 343763

A more aggressive strategy involves complete cyst wall re-
section. This technique has traditionally been associated with
alower recurrence rate; 66164 however, it is associated with in-
creased rates of postoperative cerebrospinal fluid (CSF) leaks
and pituitary dysfunction, including diabetes insipidus.>

Fig. 10.4 Intraoperative endoscopic transsphenoidal view of a
Rathke cleft cyst.

Microscopic Transsphenoidal

The transsphenoidal microsurgical approach has tradition-
ally been the mainstay of the transsphenoidal surgical treat-
ment of primarily intrasellar RCCs.'® This may be performed
via either a sublabial or an endonasal approach. Although
the benefits include a three-dimensional view, the surgeon
may be limited by a fixed view and smaller field. This ap-
proach continues to be favored for children, whose small na-
res may not allow passage of transsphenoidal instruments.

Endoscopic Transsphenoidal

The endoscopic transsphenoidal technique is used for the
majority of RCC patients at our institution. In contrast to
a microsurgical technique, the endoscope allows a wider
field, angled viewpoints, and closer inspection.?26365-67
The approach includes a two-nostril technique with wide
exposure of the sphenoid sinus to maximize the surgeon’s
working space. The sella turcica is exposed widely with
Kerrison rongeurs. For cysts with suprasellar extension
and a prefixed chiasm, further removal of the tuberculum
and a portion of the planum sphenoidale may be war-
ranted and allows an extended transsphenoidal approach
(although the increased risk for a postoperative CSF leak
must be kept in mind).®® When this more extended ap-
proach is to be performed and a CSF leak is anticipated
preoperatively, a pedicled nasoseptal mucosal flap may
be harvested at the beginning of the case to be used for
the reconstruction.®® Otherwise, attempts are made to
preserve the nasoseptal artery on which this flap is based
in the event an unexpected CSF leak is encountered and a
“rescue” flap reconstruction may be necessary.”®

The ability to switch between angled endoscopes allows
the visual confirmation of complete removal of the cyst
contents and provides a view of the internal cyst cavity. Fol-
lowing cyst collapse, in the absence of a CSF leak, we do not
repair the sellar floor so as to allow continued drainage.?

¢ Outcomes
Clinical Outcomes

The surgical treatment of Rathke cleft cysts is associated
with dramatic relief of headaches, visual dysfunction, and
symptoms of hyperprolactinemia, including amenorrhea
and galactorrhea’® (Table 10.3). There is much less antici-
pated relief of the symptoms of hypopituitarism and dia-
betes insipidus after surgery.

Headaches are present in 44 to 81% of patients preopera-
tively, and modern studies show a 60 to 100% resolution
rate.'>34-36 Patients with persistent postoperative head-
aches tended to have chronic headaches preoperatively,
whereas patients who presented with severe headache
(possibly due to leakage of cystic contents and inflamma-
tion) were more likely to experience resolution.

Visual loss is present in 11 to 67% of patients preopera-
tively on ophthalmologic examination, and as many as 92%
of these patients have complete return of vision postop-
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Table 10.3 Outcomes after Surgery for Rathke Cleft Cysts

Percentage of patients with relief of

Visual Anterior pituitary Posterior pituitary

Reference Year Headache®  disturbance™ dysfunction® dysfunction™ Hyperprolactinemia™
Voelker et al 1991 88 85 12 0 90
el-Mahdy and Powell 1998 70 67 15 25 63
Shin et al 1999 82 70 61 0 67
Benveniste et al 2004 91 96 28 0 Unknown
Kim et al 2004 93 64 63 29 77
Weiss et al 2004 Unknown 98 69 0 100
Kanter et al 2004 85 86 70 50 83
Frank et al 2005 100 100 Unknown 0 100
Aho et al 2005 Unknown 98 18 19 Unknown
Madhok et al 2009 96 Unknown 33 0 Unknown
Kiehna et al 2010 71 95 36 0 67
*All numbers are percentages.

eratively.”’ Modern series have not reported new cases of Relapse

visual deficits postoperatively.

Endocrinopathies occur in 30 to 60% of patients preoper-
atively. A decrease in anterior pituitary dysfunction occurs
in 15 to 70% of patients postoperatively, especially those
with amenorrhea or galactorrhea.'$2334-387273 Endocrine
outcomes were best summarized by el-Mahady and Pow-
ell when they stated that patients with the poorest preop-
erative status have the poorest recovery rates.?® As the RCC
walls are intrinsically attached to the surrounding pituitary
gland and stalk, dissection and resection of the cyst wall
is associated with an increased incidence of postoperative
diabetes insipidus and secondary hypopituitarism when
compared with simple fenestration alone. Postoperative
anterior pituitary dysfunction occurs in as many as 40 to
60% of patients,*>53 and permanent postoperative diabetes
insipidus occurs in as many as 40 to 50%.2>37 It has been
theorized that the high rate of diabetes insipidus in patients
with RCCs is a result of inflammation and extension into
the surrounding pituitary gland.'” Only rarely does preop-
erative diabetes insipidus resolve after surgery.'

Table 10.4 Patient Outcomes by Surgical Approach

Fenestration of the cyst is associated with a recur-
rence rate of ~10%34-3674 (Table 10.4). Other factors as-
sociated with relapse include cyst wall enhancement on
MRI34505156 and histopathology. Multiple authors have
documented that squamous metaplasia on histopathol-
ogy is associated with higher rates of relapse.'”3* This
suggests that even in cases in which the goal is fenestra-
tion alone, it is helpful to remove a small portion of the
cyst wall for pathology review. Patients with squamous
metaplasia should be followed more closely postopera-
tively because they may have a more aggressive lesion
that can become re-encapsulated and reaccumulate cys-
tic fluid.'® Recurrence rates further vary based on the
length of follow-up and the imaging schedule employed
in follow-up. Over all, recurrence rates appear to be less
than 20%, with Shin et al reporting the longest recur-
rence-free survival of 85% at 5 years and a few late re-
currences resulting in a recurrence-free survival of 81%
at 20 years.?!

Pediatric
microscopic Adult microscopic transsphenoidal
series Adult endoscopic series resection
Our series Zada et al Madhok et al Franketal Ahoetal Benvenisteetal Sade etal

Patients, No. 8 9 35 22 118 62 10
Relief of headaches, % 75 88 96 100 — 91 75
New anterior pituitary dysfunction, % 0 30 0 41 2 10/67* 10
New posterior pituitary dysfunction, % 12.5 20 0 9 9/42* 6/50* 20
New visual disturbances, % 0 0 0 0 0 0

Recurrence, % 12.5 10 6 5 21/18* 0

*Indicates the percentage of patients with that outcome who underwent a simple decompression/attempted gross total resection.
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¢ Complications

Postoperative complications of the surgical treatment
of RCCs are related to the surgical approach and strat-
egy. CSF rhinorrhea occurs in fewer than 3% of patients
treated via a transsphenoidal approach and is almost ex-
clusively a result of cyst wall dissection/resection.3%337
It is treated surgically by repairing the sellar defect with
abdominal fat, a bone, or a synthetic buttress to the
floor of the sella and application of a glue or bonding
agent. Conservative treatment measures include lumbar
drainage.'¢

Meningitis is a rare consequence of RCC resections.
Aseptic meningitis may be associated with leakage of
the cyst contents into the subarachnoid'® and can be
managed with corticosteroids provided that meningitis
related to infection is not present. CSF cultures should
be obtained to rule out bacterial meningitis. Bacterial or
fungal meningitis may result from a CSF leak related to a
transsphenoidal approach. Treatment includes obtaining
CSF cultures to isolate the offending organism, broad-
spectrum intravenous antibiotics, and repair of any obvi-
ous CSF leak.?930.35-37
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11 Transsphenoidal Approaches to the
Sellar and Parasellar Area

Daniel M. Prevedello

The sinuses have been used as a corridor to access the pi-
tuitary fossa for over 100 years. From the beginning, sur-
geons appreciated the advantage of approaching the target
from below and having direct access to the sella without
manipulating the brain.! The technology at that time was
very limited, however, and most surgeons did not feel it
safe enough to perform major neurosurgical procedures
through narrow nasal pathways. Harvey Cushing is proba-
bly the greatest example because he abandoned the trans-
sphenoidal approach in 1927 owing in part to an inability
to properly illuminate the surgical field.>* Although Nor-
man Dott, who had learned the technique from Cushing,
employed a lighted speculum, it was only after the con-
tributions of Gerard Guiot, who added fluoroscopy, and
Jules Hardy, who added the operating microscope, that the
transsphenoidal route became popular and was dissemi-
nated around the world.!

One of the limitations of the transsphenoidal approach
performed with the microscope is the relative restriction
of parasellar illumination and visualization. Although the
sella can be well visualized, areas such as the cavernous
sinus and anterior fossa region can be completely out of
sight. With that in mind, some neurosurgeons started to
add the endoscope to the scene in parallel with the mi-
croscope to augment visualization in these particular ar-
eas and so improve tumor resection and outcomes. Gerard
Guiot was the first neurosurgeon to use the endoscope in
the transsphenoidal route in the 1960s, but at that time
the technology was still fairly primitive.' In the late 1970s,
Apuzzo and colleagues,* as well as Bushe and Halves,>®
demonstrated the use of the endoscope as an adjunctive
tool to remove pituitary lesions. Endoscopically “assisted”
transsphenoidal microsurgery has since been reported by
various authors, emphasizing its importance for tumors
that extend beyond the sella.”-?

Surgeons progressively realized that the combination of
speculum and endoscope is not ideal because one limits
the other. Roger Jankowski and co-workers reported the
first series of three cases in which an endoscopic trans-
sphenoidal approach to the sella was used in 1992." Ri-
cardo Carrau and colleagues pursued a purely direct
endoscopic endonasal approach to the pituitary fossa and
described their experience in 1996, followed by their first
50-patient series in 1997.'4'6 Paolo Cappabianca, Enrico

de Divitiis, Luigi Cavallo, and colleagues developed appro-
priate surgical instrumentation and became a world refer-
ence for endoscopic pituitary surgery.'’-?’

At the same time that various surgeons were developing
and demonstrating the feasibility of gaining access beyond
the sella by using the transsphenoidal route, particularly
to the midline anterior skull base with the microscope
as the primary visualization tool,”#2%-32 Amin Kassam, Ri-
cardo Carrau, Carl Snyderman, and colleagues defined and
standardized modules of approaches to the skull base, ex-
panded from the sella, while using the endoscope as the
sole tool for illumination and visualization.'334

Although it is still controversial whether the endoscope
brings real advantages to dealing with sellar disease in re-
lation to the microscope, the use of endoscopic endonasal
techniques to reach the areas beyond the sella has become
well accepted.!3>-4

& The Sella

The endonasal corridor is a median approach that is in the
same axis as the sella and therefore represents an ideal
route to reach the sella with no brain manipulation. His-
torically, craniotomies were the general approach used
to deal with sellar disease. However, this concept was
completely altered once Jules Hardy brought the operat-
ing microscope to the transsphenoidal operation.** Any
transcranial approach requires some level of brain retrac-
tion and yields indirect visualization of the pituitary fossa,
which is hidden by the planum sphenoidale.*> Currently,
fewer than 5% of patients with a pituitary adenoma have
a craniotomy as an alternative approach for resection, and
it is always related to an extrasellar tumor component.*
There is a consensus that the sellar portion of tumor is bet-
ter treated by a transsphenoidal route in an approach with
the microscope, endoscope, or both.4>->°

Microscopic Transsphenoidal Approach

The transsphenoidal approach has had some variations
over the years. The initial description by Schloffer required
a paranasal incision followed by a complete transeth-
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moidal exposure to reach the sphenoid sinus and sella.”!
With the evolution of the technique, the approach has be-
come progressively less invasive.

The procedure is performed with the patient under gen-
eral anesthesia. The patient is positioned typically in a
semirecumbent angle with the head tilted to the left.

There are three current variations of the transsphenoi-
dal approach: sublabial, hemitransfixion, and direct endo-
nasal, or “pushover.”

Sublabial

From the time Cushing was using the technique until
recently, the transsphenoidal approach was invariably
performed as a sublabial procedure. Indeed, it is still per-
formed that way in many centers around the world.*”->?

An incision is made under the superior lip inside the
mouth, and the mucoperiosteum is elevated from the bone
at the piriform aperture. The plane between the muco-
perichondrium and the mucoperiosteum posteriorly is en-
countered and the mucosa is separated from the septum
on both sides. The septum is retracted, often to the left
side, and a speculum is positioned and advanced until the
rostrum of the sphenoid is well exposed in the center of
the field. An anterior sphenoidectomy is performed with
a rongeur. The sphenoid sinus is visualized, and the posi-
tion of the sella is confirmed with lateral fluoroscopy or
some other type of navigation.> The sella is opened either
with a drill or with a chisel. Once the bone of the sellar
face is removed and the dura is exposed, a knife, usually
an 11-blade scalpel, is used to incise the dura. The sella is
explored and the tumor can be removed, usually with ring
curettes.

The sublabial approach has the advantage of creating a
broad corridor, which can be as wide as the piriform ap-
erture.”’ The disadvantage of the sublabial technique is re-
lated to potential complications of the approach. There is
a higher incidence of anterior septal perforation with the
sublabial approach. The superior anterior teeth can devel-
op various grades of numbness, and saddle nose deforma-
tion due to anterior septum manipulation can also occur.

Endonasal

The other commonly used variations of the transsphenoi-
dal route are endonasal procedures performed with the
microscope. The transnasal hemitransfixion technique re-
quires an incision in the septal mucosa ~1 cm behind the
columella. The speculum is inserted directly in the nostril,
and the plane between the mucoperiosteum and the sep-
tum is elevated posteriorly as in the sublabial approach.
The rest of the procedure continues in a fashion similar to
the sublabial approach.

The other variation is the direct endonasal (“pushover”)
technique. In this variant, the speculum is introduced ear-
lier in the case, and the nasal pathway is followed directly
until the posterior aspect of the septum. The mucosa is not
elevated from the septum anteriorly. The middle turbinate
is retracted laterally, and the posterior septum is dislocat-

ed to the opposite side. The mucosa is then disrupted very
posteriorly at the bony septum area. The submucosal plane
is elevated and the rostrum is exposed. The rest of the pro-
cedure follows the same technique as the sublabial one.

The advantage of the transnasal transsphenoidal ap-
proach is that it avoids manipulation of the anterior teeth
and saddle nose deformities. On the other hand, it gener-
ates a narrower corridor, and the specula used need to be
adapted for small nostrils. If the speculum is forced open
during the procedure with the intent of creating better ex-
posure, a nasal skin tear may occur. The other disadvantage
is related to the fact that the speculum comes obliquely
from one of the nostrils. This can generate a false impres-
sion of the midline, and the surgeon can inadvertently
cross to the other side in the depths without appropriate
awareness of the situation. This can be the scenario for a
catastrophic complication because the surgeon can open
the cavernous sinus directly in front of the internal carotid
artery thinking that that is the midline.>*>>

Endoscopic Endonasal Approach

Totally endoscopic transsphenoidal surgery started in the
1990s as a collaboration between otolaryngologists and
neurosurgeons, with the goal of developing a less disrup-
tive approach to the nasal structures.!'3-162356 [t consists
of a direct endonasal approach to the back of the nasal
cavity, followed by identification of the sphenoid ostium.
The anterior wall of the sphenoid sinus is opened, and
the sinus can be visualized. Although there was an initial
trend to perform this approach through only one nostril,
currently most centers performing this procedure follow
the binostril-bimanual technique, which allows much
more freedom of movement.?* A posterior septectomy is
performed, communicating both nostrils posteriorly and
creating a single working cavity.

The intrasphenoid septa are drilled, allowing broad
visualization of all the sphenoid walls. At this point, the
surgeon is able to determine with precision the skull base
landmarks, particularly in well-pneumatized sinuses,
which avoids the absolute need for fluoroscopy or image
guidance (Fig. 11.1). Nonetheless, if the surgeons have
easy access to image guidance, it is probably wise to use
it for every endoscopic case because it is hard to predict in
which cases it may be helpful to confirm a certain struc-
ture intraoperatively. Of course, cases of nonpneumatized
sphenoid sinus clearly benefit from intraoperative image
guidance. Such cases are simple to foresee based on preop-
erative computed tomography. However, cases with unex-
pected vascular complications or tumor-distorted anatomy
can also benefit from intraoperative image guidance, even
when there is a wide-open sphenoid sinus.

The face of the sella is then identified, and the bone is
removed to expose the dura. The superior and inferior in-
tercavernous sinuses and the face of the cavernous sinuses
bilaterally are exposed. This relatively wide exposure cou-
pled with an ample dural opening allows an unencum-
bered intrasellar dissection.

The dura of the sella is incised with a sharp blade that
incises both layers of the dura but does not transgress the
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Fig. 11.1 Endoscopic visualization of the entire sphenoid sinus
with a zero-degree endoscope in a cadaveric specimen demonstrat-
ing the wide exposure and the clear view of the main landmarks: the
optic canals bilaterally (OC), the internal carotid arteries bilaterally
(ICA), the tuberculum sellae recess (T5S), the sella (S), and the clival
recess (CR).

pituitary capsule. The dura is elevated from the sellar face,
exposing the gland or tumor. An extracapsular resection of
the tumor is always attempted, particularly in hyperfunc-
tioning adenomas, to secure a complete resection. Even in
cases in which the pituitary gland needs to be explored,
in magnetic resonance imaging-negative cases of Cushing
disease, for instance, an extracapsular resection of the hid-
den adenoma is attempted to permit a thorough resection
of the functional adenoma and its margins because the
pseudocapsule is indeed compact normal gland*>? (Fig.
11.2). Occasionally, the medial wall of the cavernous sinus
needs to be resected to increase the chance of remission

in more invasive adenomas. This affords an advantage of
the endoscopic technique over the microscopic because
the visualization offered by the endoscope laterally is far
superior (Fig. 11.3).

Two surgeons perform the entire procedure. In our per-
sonal experience, because there are no data to support a
significant difference in the literature, we believe that the
visualization allowed by the endoscope is far superior to
that from the operating microscope. Furthermore, the illu-
mination and image captured by the endoscope are closer
to the target, whereas with the microscope, the imaging
is from a greater distance. This is particularly important
because the surgeon’s hands can block the view during mi-
croscopic surgery. The wide field of visualization provided
by the endoscope allows dissection in the parasellar area,
which is crucial to resect invasive pituitary adenomas from
the cavernous sinus and to deal with extensive suprasellar
projections of tumor, always under direct visualization and
without the use of blind curettage (Fig. 11.3).

The most common indications for this approach are pi-
tuitary adenomas, intrasellar craniopharyngiomas, and
Rathke cleft cysts.

& The Parasellar Areas

The use of microscope to reach areas around the sella is
possible from a transsphenoidal approach. Because the
light source is external, however, there are limitations for
visualization of areas that are not in line with the approach.
The surgeon often is obliged, in this scenario, to extend the
size of the corridor by using a sublabial incision, which
can be augmented laterally by a medial maxillectomy or
a LeForte maxillary disarticulation.>®>° The other aspect of
limitation is related to the focal plane of the microscope,
which becomes very constricted as the dissection is per-

Fig. 11.2 Intraoperative photographs dur-
ing an extracapsular resection of a pituitary
adenoma in a patient with Cushing disease.
(A-C) Intraoperative views with a zero-de-
gree endoscope during an endoscopic en-
donasal transsellar approach. (A) Pituitary
gland exposure. (B) Identification of the ad-
enoma with visualization of the pseudocap-
sule. (C) Removal of the pituitary adenoma
extracapsularly. (D) Specimen removed en
bloc and sent to pathology (it proved to be
an ACTH-staining adenoma).
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Fig. 11.3 Intraoperative photograph during a resection of a pituitary
adenoma that was invading the left cavernous sinus. Note that the pi-
tuitary gland (PG) is protected on the right. The left medial wall of the
cavernous sinus was opened by resection of the tumor that was invad-
ing the cavernous sinus (CS) and encasing the internal carotid artery
(ICA). Once a tumor has been removed, the venous bleeding can be
profuse, and one can see the roof of the cavernous sinus from below.

formed more deeply. To compensate for this limitation, the
surgeon is required to move the microscope often to see
areas of the skull base that are not located in the narrow
microscopic field.

Based on the advantages of the endoscopic illumination
and wide visualization, it becomes natural to use the endo-
scope to reach lesions located in the parasellar space. It is
ideal when the sellar space is the primary source of the dis-
ease, as with pituitary adenomas. However, other lesions,
like craniopharyngiomas, meningiomas, chordomas, chon-
drosarcomas, and schwannomas, may be present in these
locations and may be treated by the endoscopic expanded
endonasal approaches as well.404160-62 [t {5 important to
have dynamic endoscopic visualization to compensate for
the lack of three-dimensional imaging obtained from a
static endoscopic view.

Suprasellar and Anterior Fossa

Very often, a suprasellar tumor is the extension of a disease
that started inside the sella, particularly in pituitary adeno-
mas and some craniopharyngiomas. In these cases, most
of the time, a sellar approach is sufficient to evacuate the
tumor completely, starting with the sellar component and
then following the tumor superiorly. Often, the superior
tumor descends naturally as the sellar disease is removed.
For these cases, a microscopic transsphenoidal approach is
a feasible alternative; however, it becomes difficult to de-
termine if there is any residual tumor superiorly at the end
of the dissection. One alternative would be the use of in-
teroperative MRI, or the insertion of an angled endoscope
for investigation. Nevertheless, because the corridor is not
prepared for an endoscopic approach, the surgeon often is
able to see residua but ends up having difficulty reaching
and removing such residua under direct visualization and

frequently uses blind dissection at the corners with instru-
ments like angled ring curettes, which carry some risk,
even in experienced hands.

To reach tumors that originate or extend to the suprasel-
lar space from the sella, we prefer an endoscopic endonasal
transtuberculum and/or transplanum approach. This ap-
proach is defined by the removal of the tuberculum sellae
and, depending on the anterior extension of the tumor, the
planum sphenoidale. The optic canals mark the lateral lim-
its for this approach. The suprasellar region is well reached
through resection of the tuberculum sellae. For most of the
macroadenomas that extend to the suprasellar space, a sim-
ple bony removal of the tuberculum sellae can be enough to
allow the superior component to descend during surgery.
Thus, the resection is inside out, and the diaphragma sel-
lae and suprasellar arachnoid are often preserved, avoiding
exposure of cerebrospinal fluid (CSF) spaces.

On the other hand, tumors like craniopharyngiomas
(Fig. 11.4), tuberculum sellae meningiomas (Fig. 11.5), and
some rare pituitary adenomas (Fig. 11.6) require a sub-
arachnoid dissection to free them from critical suprasellar
structures (Fig. 11.7).

The critical anatomic landmark for this approach is the
medial optic carotid recess, which is the lateral aspect of
the tuberculum sellae. It must be removed to allow ade-
quate exposure of the suprasellar compartment. Once the
bone is removed, the dura is opened above the superior
intercavernous sinus, which is ligated only when there is
disease that requires arachnoid dissection involving the
sella and suprasellar space. The dural opening can occur
from one internal carotid artery to the other with direct
safe access to the medial aspect of the carotid cave and the
optic canals. The opening is extended anteriorly in case the
tumor is located above the planum sphenoidale.

Retrosellar Space and Clivus

Some pituitary macroadenomas can extend posteriorly
over the dorsum sellae, reaching the retrosellar space.
These lesions are virtually impossible to resect through
a standard transsphenoidal microscopic approach. The
alternatives are either a retromastoid posterior fossa ap-
proach or an endoscopic endonasal transclival approach.
An endonasal transclival approach can be performed in
segmental portions (upper, middle, or lower thirds) or as
complete removal of the clivus (panclivectomy). The upper
third is related to the dorsum sellae in the midline and the
posterior clinoids in the paramedian region. The posterior
wall of the sella can be removed via a transsellar approach
when the tumor has created intrasellar space, or after a pi-
tuitary transposition and ligation of the posterior intercav-
ernous sinus.5® The retrosellar bone can also be resected
extradurally via a subsellar corridor after removal of the
sellar bone and superior retraction of the sellar dura.®® Af-
ter transposition, the retrodorsal dura containing the basi-
lar plexus is exposed. Dural opening with basilar plexus
control provides access to the retrodorsal area and the in-
terpeduncular cistern, surrounded laterally by the poste-
rior communicating arteries and third cranial nerves and
posteriorly by the basilar artery with its terminal branches.
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Along with the indications for resection of macroadeno-
mas invading the posterior fossa and the clivus, a trans-
clival approach is frequently used for the resection of
extradural and intradural diseases, such as chordomas and
chondrosarcomas (Fig. 11.8). It is also used to access purely
intradural disease anterior to the brainstem, such as me-
ningiomas and craniopharyngiomas.

The middle clivus can be directly accessed at the pos-
terior aspect of the sphenoid sinus, and its resection is
limited laterally by both internal carotid arteries ascend-
ing in the paraclival areas. If the bone drilling continues

Fig. 11.4 (A,B) MRI with contrast of a
32-year-old man with a craniopharyngio-
ma who presented with visual loss. The
tumor has large components, both solid
and cystic. (A) Coronal view. (B) Sagittal
view. (C,D) Postoperative MRI with con-
trast 24 hours after an expanded endo-
nasal transtuberculum and transplanum
approach demonstrating complete re-
section of the craniopharyngioma. (C)
Coronal view. (D) Sagittal view. Note the
presence of an enhancing nasoseptal flap
that was used for reconstruction (black
arrow) and the preserved pituitary stalk.

Fig. 11.5 MRIwith contrast of a 39-year-
old woman with a planum sphenoidale
meningioma who presented with head-
aches and mild visual deterioration. (A)
Coronal view. (B) Sagittal view. (C,D)
Postoperative MRI with contrast 24 hours
after an expanded endonasal transpla-
num approach demonstrating complete
meningioma resection. (C) Coronal view.
(D) Sagittal view. Note the presence of an
enhancing nasoseptal flap that was used
for reconstruction (white arrows) and the
preserved pituitary gland and stalk.

inferiorly, the lower third of the clivus is restricted later-
ally by the fossa of Rosenmiiller and the torus tubarius.
Once intradural, a middle clivectomy gives access to the
prepontine cistern and basilar artery, guarded laterally
by the sixth cranial nerves. The inferior third gives access
to the premedullary cistern, with the vertebral arteries
posteriorly and the hypoglossal nerves limiting the ap-
proach laterally.

A panclivectomy can extend all the way from the dor-
sum sellae and posterior clinoids down to the basion at the
foramen magnum.
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Fig. 11.7 Intraoperative view of the left suprasellar space with a
zero-degree endoscope during dissection of a craniopharyngioma
(Tu). Note that the tumor was dissected from the left internal ca-
rotid artery (ICA) and chiasmatic perforator, anterior cerebral artery
(A1), left optic nerve (ON), and optic tract (OT). Note the anterior
choroidal artery running on the surface of the uncus (U). PG, pitu-
itary gland.

Cavernous Sinus and the Meckel Cave

Although pituitary macroadenomas often push the cav-
ernous sinus wall laterally, respecting its limits, they may
truly invade that space by crossing the plane of the medial
cavernous sinus wall. There is debate in the literature re-
garding the pattern of this invasion. It is not clear if the
invasiveness is a consequence of tumor cell characteristics
or if it is related to the fact that some people may have a
dehiscence of the medial wall of the cavernous sinus that

Fig.11.6 MRIwith contrast of a 56-year-
old man with a pituitary macroadenoma
with extension to the anterior fossa who
presented with profound bitemporal
hemianopsia. (A) Axial view. (B) Sagittal
view. (C,D) Postoperative MRI with con-
trast at 3-month follow-up after an ex-
panded endonasal transtuberculum and
transplanum approach demonstrating
complete adenoma resection. (C) Axial
view. (D) Sagittal view.

facilitates adenoma penetration.’* The reality is that any
pituitary adenoma that disseminates into the cavernous
sinus becomes a challenging entity to be cured, indepen-
dently of the treatment strategy. Based on the potential
morbidity, a surgical procedure, endonasal or craniotomy,
will rarely be indicated for an invasive adenoma located
inside the cavernous sinus. Radiosurgery and/or medical
treatment, particularly in functional adenomas, are gen-
erally the most prudent options in these situations. How-
ever, there are circumstances in which a cavernous sinus
approach is a reasonable option, such as when the patient
develops cavernous sinus syndrome with florid cranial
nerve neuropathy and decompression is indicated, which
can be achieved with an endoscopic endonasal approach
or a craniotomy with middle fossa peeling. Another rea-
sonable indication is a patient with a functional pituitary
adenoma that is limited to the medial compartment of the
cavernous sinus. In this scenario, an endoscopic endonasal
approach can be performed to resect the medial cavernous
sinus wall and remove the disease located medial to the
cavernous internal carotid artery (Fig. 11.3).

Other tumors can be present in these areas, such as me-
ningiomas and schwannomas. When the disease is located
lateral to the internal carotid artery in the middle fossa,
filling the lateral compartment of the cavernous sinus and
the Meckel cave, then a craniotomy with middle fossa skull
base exposure becomes a reasonable surgical approach.
However, when cavernous sinus meningiomas are resect-
ed, independently of the approach, the morbidity can be
extremely high since they can invade cranial nerves.® Tri-
geminal schwannomas are usually not invasive and can be
approached endonasally (Fig. 11.9) or by craniotomy.®?

To reach the middle fossa through an endonasal corridor,
a trans-pterygoid approach is performed. Initially, a maxil-
lary antrostomy is developed, exposing the posterior wall
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of the maxillary sinus. The sphenopalatine artery is identi-
fied, and its branches are coagulated and ligated. The pos-
terior wall of the maxillary sinus is removed, and the soft
contents of the sphenopalatine fossa are retracted laterally.
The vidian foramen and foramen rotundum are identified
posteriorly in the sphenoid bone and preserved when pos-
sible. The lateral sphenoid recess can be completely exposed
once the pterygoid base of the sphenoid plates is drilled.
This exposure allows direct access to the middle fossa.

Fig. 11.8 MRI with contrast of a
28-year-old man with a recurrent clival
chordoma who presented with right
sixth cranial nerve palsy. (A) Axial view.
(B) Sagittal view. (C,D) Postoperative
MRI with contrast at 24 hours after an ex-
panded endonasal transclival approach
with intradural and extradural dissection
demonstrating thorough chordoma re-
section. (C) Axial view. (D) Sagittal view.
Note the preservation of the pituitary
gland and stalk.

Fig. 11.9 MRI with contrast of a
20-year-old woman with a left trigeminal
schwannoma who presented with left fa-
cial partial numbness. (A) Axial view. (B)
Coronal view. (C,D) Postoperative MRIs
with contrast at 24 hours demonstrat-
ing complete resection of the tumor via
an endoscopic endonasal approach to
Meckel’s cave. (C) Axial view. Note that
the left trigeminal nerve can now be vi-
sualized in normal position in the cistern.
(D) Sagittal view.

The quadrangular space is the front door to the Meckel
cave.??2 This space is outlined by the horizontal petrous
internal carotid artery inferiorly, the ascending vertical
cavernous/paraclival internal carotid artery medially, the
sixth cranial nerve superiorly in the cavernous sinus, and
the maxillary division of the trigeminal nerve (V,) laterally.
The vidian nerve is followed posteriorly up to the level of
the lacerum segment of internal carotid artery. Once the
internal carotid artery is identified, it can be skeletonized if
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needed, depending on the pathology. The bone of the me-
dial temporal fossa is drilled and the periosteum exposed
and opened at the quadrangular space, as described above.
Tumors commonly encountered in this region are inva-
sive adenoid cystic carcinomas, juvenile nasal angiofibro-
mas, meningiomas, schwannomas, and invasive pituitary
adenomas.

The lateral compartment of the cavernous sinus is rare-
ly approached because of the presence of cranial nerves
coming and going to the superior orbital fissure. As we
mentioned above, this area is explored surgically almost
exclusively when the patient already has cranial nerve (III,
1V, VI) deficits.

& The Reconstruction

Following the principles of reconstruction in open skull
base surgery, we use vascularized tissue to rebuild the skull
base defect. Hadad and Bassagasteguy, from Argentina, and
colleagues developed a nasoseptal flap supplied by the pos-
terior nasoseptal arteries, which are branches of the sphe-
nopalatine artery.%® This nasoseptal mucosal flap has been
our preferred reconstruction technique.’” The flap can be
harvested initially in cases in which CSF exposure is likely,
or as a rescue flap at the end of the procedure in cases in
which there is an unsuccessful attempt to avoid an intraop-
erative CSF leak. In general, it is harvested on the side that
requires less lateral exposure, contralateral to the lesion.?’

During this reconstruction, the flap needs to be in con-
tact with the denuded bone for proper defect closing, so all
the sinus mucosa is removed.

Besides the nasoseptal flap, we use an inlay subdural graft
of collagen matrix. Rarely, in cases in which the nasoseptal
flap does not cover the entire defect, an additional onlay fas-
cial graft and/or abdominal free fat is used. It is imperative
to avoid any foreign body or nonvascularized tissue between
the flap and the surrounding edges of the defect.

When a nasoseptal flap is not available, then other
sources of vascularized tissue exist. Excellent alternatives

References

1. Fortes FS, Carrau RL, Snyderman CH, et al. The posterior pedicle
inferior turbinate flap: a new vascularized flap for skull base re-
construction. Laryngoscope 2007;117(8):1329-1332

2. Doglietto F, Prevedello DM, Jane JA Jr, Han J, Laws ER Jr. Brief his-
tory of endoscopic transsphenoidal surgery—from Philipp Bozzini
to the First World Congress of Endoscopic Skull Base Surgery. Neu-
rosurg Focus 2005;19(6):E3

3. Liu JK, Das K, Weiss MH, Laws ER Jr, Couldwell WT. The history
and evolution of transsphenoidal surgery. ] Neurosurg 2001;
95(6):1083-1096

4. Apuzzo ML, Heifetz MD, Weiss MH, Kurze T. Neurosurgical en-
doscopy using the side-viewing telescope. J Neurosurg 1977,
46(3):398-400

5. Bushe KA, Halves E. Modified technique in transsphenoidal opera-
tions of pituitary adenomas. Technical note (author’s transl). Acta
Neurochir (Wien) 1978;41(1-3):163-175

6. Halves E, Bushe KA. Transsphenoidal operation on craniopha-
ryngiomas with extrasellar extensions. The advantage of the op-
erating endoscope [proceedings]. Acta Neurochir Suppl (Wien)
1979;28(2):362

can be encountered in the nasal cavity, such as an inferior
turbinate flap, optimized for clival defects, or middle tur-
binate flaps for anterior fossa small defects.®® In situations
in which a vascularized flap is not available in the nasal
cavity, such as after multiple surgical procedures or radia-
tion, then healthy vascularized tissue can be elevated from
outside and rotated into the nasal cavity to cover the de-
fect. Examples of extranasal flaps that can be rotated into
the nasal cavity are the trans-pterygoid temporoparietal
fascia flap, based on the superficial temporal artery,5 and
a pericranial flap vascularized by the supraorbital artery,
which can be elevated endoscopically and transferred to
the nasal cavity through an opening in the nasal bone.”®

Biological glue helps to fix the flap in place (but should
not be overused), and nasal sponge packing or the bal-
loon of a 12F Foley catheter is inserted to press the Ha-
dad-Bassagasteguy flap against the defect. Inflation of the
Foley balloon should be under microscopic or endoscopic
observation to avoid overdistension and inadvertent com-
pression of intracranial structures or flap vascular pedicle
compromise.

4 Conclusion

The microscopic transsphenoidal approach is the stan-
dard surgical technique for the resection of sellar lesions.
However, its main limitation is related to the lack of ap-
propriate visualization of areas distant to the sella. For
those locations, the endoscopic endonasal approach is a
great substitute based on the inherent characteristics of
the endoscope, which allows broad-angle illumination
and visualization. Although the endoscopic technique
offers superior advantages over microscopic transsphe-
noidal surgery in dealing with parasellar lesions, it is
not clear if the same is true for purely intrasellar lesions.
However, the wide field given by the endoscope offers a
comprehensive exposure of skull base landmarks, which
allows a better surgical orientation and consequently a
safer procedure.

7. Dusick JR, Esposito F, Kelly DF, et al. The extended direct endo-
nasal transsphenoidal approach for nonadenomatous suprasellar
tumors. ] Neurosurg 2005;102(5):832-841

8. Couldwell WT, Weiss MH, Rabb C, Liu JK, Apfelbaum RI, Fukushima
T. Variations on the standard transsphenoidal approach to the sel-
lar region, with emphasis on the extended approaches and para-
sellar approaches: surgical experience in 105 cases. Neurosurgery
2004;55(3):539-547, discussion 547-550

9. Frank G, Pasquini E, Mazzatenta D. Extended transsphenoidal ap-
proach. ] Neurosurg 2001;95(5):917-918

10. Catapano D, Sloffer CA, Frank G, Pasquini E, D’Angelo VA, Lanzino
G. Comparison between the microscope and endoscope in the di-
rect endonasal extended transsphenoidal approach: anatomical
study. ] Neurosurg 2006;104(3):419-425

11. Frank G, Pasquini E, Doglietto F, et al. The endoscopic extended
transsphenoidal approach for craniopharyngiomas. Neurosurgery
2006;59(1, Suppl 1):0NS75-0ONS83

12. de Divitiis E, Cappabianca P. Microscopic and endoscopic trans-
sphenoidal surgery. Neurosurgery 2002;51(6):1527-1529, author
reply 1529-1530



11

Transsphenoidal Approaches to the Sellar and Parasellar Area

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Jankowski R, Auque ], Simon C, Marchal JC, Hepner H, Wayoff M. Endo-
scopic pituitary tumor surgery. Laryngoscope 1992;102(2):198-202
Carrau RL, Jho HD, Ko Y. Transnasal-transsphenoidal endoscopic
surgery of the pituitary gland. Laryngoscope 1996;106(7):914-918
Jho HD, Carrau RL. Endoscopic endonasal transsphenoidal sur-
gery: experience with 50 patients. ] Neurosurg 1997;87(1):44-51
Litynski GS. Endoscopic surgery: the history, the pioneers. World ]
Surg 1999;23(8):745-753

Cappabianca P, Alfieri A, Colao A, et al. Endoscopic endonasal trans-
sphenoidal surgery in recurrent and residual pituitary adenomas:
technical note. Minim Invasive Neurosurg 2000;43(1):38-43
Cappabianca P, Frank G, Pasquini E, de Divitiis E, Calbucci F. Ex-
tended endoscopic endonasal transsphenoidal approaches to the
suprasellar region, planum sphenoidale and clivus. In: de Divitiis
E, Cappabianca P, eds. Endoscopic Endonasal Transsphenoidal Sur-
gery. Springer-Verlag; 2003:176-187

Cavallo LM, Briganti F, Cappabianca P, et al. Hemorrhagic vascular
complications of endoscopic transsphenoidal surgery. Minim In-
vasive Neurosurg 2004;47(3):145-150

Cavallo LM, Cappabianca P, Galzio R, laconetta G, de Divitiis E,
Tschabitscher M. Endoscopic transnasal approach to the cavern-
ous sinus versus transcranial route: anatomic study. Neurosurgery
2005;56(2, Suppl):379-389, discussion 379-389

Cavallo LM, Messina A, Cappabianca P, et al. Endoscopic endonasal
surgery of the midline skull base: anatomical study and clinical
considerations. Neurosurg Focus 2005;19(1):E2

Cavallo LM, Messina A, Gardner P, et al. Extended endoscopic en-
donasal approach to the pterygopalatine fossa: anatomical study
and clinical considerations. Neurosurg Focus 2005;19(1):E5
Cappabianca P, Alfieri A, Thermes S, Buonamassa S, de Divitiis E.
Instruments for endoscopic endonasal transsphenoidal surgery.
Neurosurgery 1999;45(2):392-395, discussion 395-396
Cappabianca P, Cavallo LM, Mariniello G, de Divitiis O, Romero AD,
de Divitiis E. Easy sellar reconstruction in endoscopic endonasal
transsphenoidal surgery with polyester-silicone dural substitute
and fibrin glue: technical note. Neurosurgery 2001;49(2):473-
475, discussion 475-476

Cappabianca P, Cavallo LM, Valente V, et al. Sellar repair with fibrin
sealant and collagen fleece after endoscopic endonasal transsphe-
noidal surgery. Surg Neurol 2004;62(3):227-233, discussion 233
Cappabianca P, de Divitiis E. Back to the Egyptians: neurosurgery
via the nose. A five-thousand year history and the recent contribu-
tion of the endoscope. Neurosurg Rev 2007;30(1):1-7, discussion 7
de Divitiis E. Endoscopic transsphenoidal surgery: stone-in-the-pond
effect. Neurosurgery 2006;59(3):512-520

Dumont AS, Kanter AS, Jane JA Jr, Laws ER Jr. Extended transsphe-
noidal approach. Front Horm Res 2006;34:29-45

Laws ER Jr. Transsphenoidal microsurgery in the management of
craniopharyngioma. ] Neurosurg 1980;52(5):661-666

Laws ER, Kanter AS, Jane JA Jr, Dumont AS. Extended transsphenoidal
approach. ] Neurosurg 2005;102(5):825-827, discussion 827-828
Kaptain GJ, Vincent DA, Sheehan JP, Laws ER Jr. Transsphenoidal
approaches for the extracapsular resection of midline suprasellar
and anterior cranial base lesions. Neurosurgery 2001;49(1):94-
100, discussion 100-101

Kern EB, Laws ER Jr. The transseptal approach to the pituitary
gland. Rhinology 1978;16(2):59-78

Kassam A, Snyderman CH, Mintz A, Gardner P, Carrau RL. Ex-
panded endonasal approach: the rostrocaudal axis. Part II. Pos-
terior clinoids to the foramen magnum. Neurosurg Focus 2005;
19(1):E4

Kassam A, Snyderman CH, Mintz A, Gardner P, Carrau RL. Expand-
ed endonasal approach: the rostrocaudal axis. Part I. Crista galli to
the sella turcica. Neurosurg Focus 2005;19(1):E3

de Divitiis E, Cappabianca P, Cavallo LM, Esposito F, de Divitiis O,
Messina A. Extended endoscopic transsphenoidal approach for
extrasellar craniopharyngiomas. Neurosurgery 2007;61(5, Suppl
2):219-227, discussion 228

de Divitiis E, Cavallo LM, Esposito F, Stella L, Messina A. Extended
endoscopic transsphenoidal approach for tuberculum sellae me-
ningiomas. Neurosurgery 2008;62(6, Suppl 3):1192-1201

Frank G, Sciarretta V, Calbucci F, Farneti G, Mazzatenta D, Pasquini
E. The endoscopic transnasal transsphenoidal approach for the
treatment of cranial base chordomas and chondrosarcomas. Neu-
rosurgery 2006;59(1, Suppl 1):0NS50-ONS57

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Kassam AB, Prevedello DM, Carrau RL, et al. The front door to
Meckel's cave: an antero-medial corridor via expanded endo-
scopic endonasal approach- technical considerations and clinical
series. Neurosurgery 2009;64(3, Suppl):71-82

Kassam AB, Vescan AD, Carrau RL, et al. Expanded endonasal ap-
proach: vidian canal as a landmark to the petrous internal carotid
artery. ] Neurosurg 2008;108(1):177-183

Prevedello DM, Thomas A, Gardner P, Snyderman CH, Carrau RL,
Kassam AB. Endoscopic endonasal resection of a synchronous pitu-
itary adenoma and a tuberculum sellae meningioma: technical case
report. Neurosurgery 2007;60(4, Suppl 2):E401, discussion E401
Stippler M, Gardner PA, Snyderman CH, Carrau RL, Prevedello DM,
Kassam AB. Endoscopic endonasal approach for clival chordomas.
Neurosurgery 2009;64(2):268-277, discussion 277-278

Kassam AB, Mintz AH, Gardner PA, Horowitz MB, Carrau RL, Sny-
derman CH. The expanded endonasal approach for an endoscopic
transnasal clipping and aneurysmorrhaphy of a large vertebral
artery aneurysm: technical case report. Neurosurgery 2006;59(1,
Suppl 1):E162-E165

Kassam AB, Snyderman C, Gardner P, Carrau R, Spiro R. The ex-
panded endonasal approach: a fully endoscopic transnasal ap-
proach and resection of the odontoid process: technical case
report. Neurosurgery 2005;57(1, Suppl):E213, discussion E213
Cappabianca P, de Divitiis E. Endoscopy and transsphenoidal sur-
gery. Neurosurgery 2004;54(5):1043-1048

Youssef AS, Agazzi S, van Loveren HR. Transcranial surgery for pi-
tuitary adenomas. Neurosurgery 2005;57(1, Suppl):168-175
Prevedello DM, Pouratian N, Sherman ], et al. Management of
Cushing’s disease: outcome in patients with microadenoma de-
tected on pituitary magnetic resonance imaging. ] Neurosurg
2008;109(4):751-759

Kerr PB, Oldfield EH. Sublabial-endonasal approach to the sella
turcica. ] Neurosurg 2008;109(1):153-155

Cavallo LM, Prevedello D, Esposito F, et al. The role of the endo-
scope in the transsphenoidal management of cystic lesions of the
sellar region. Neurosurg Rev 2008;31(1):55-64, discussion 64
Jane JA Jr, Han ], Prevedello DM, Jagannathan ], Dumont AS, Laws
ER Jr. Perspectives on endoscopic transsphenoidal surgery. Neuro-
surg Focus 2005;19(6):E2

Nejadkazem M, Samii A, Fahlbusch R, Bidadi S. A simplified direct
endonasal approach for transsphenoidal surgery. Minim Invasive
Neurosurg 2008;51(5):272-274

Lindholm J. A century of pituitary surgery: Schloffer’s legacy. Neu-
rosurgery 2007;61(4):865-867, discussion 867-868

Er U, Giirses L, Saka C, et al. Sublabial transseptal approach to pitu-
itary adenomas with special emphasis on rhinological complica-
tions. Turk Neurosurg 2008;18(4):425-430

Jagannathan J, Prevedello DM, Ayer VS, Dumont AS, Jane JA Jr, Laws
ER. Computer-assisted frameless stereotaxy in transsphenoidal
surgery at a single institution: review of 176 cases. Neurosurg Fo-
cus 2006;20(2):E9

Fatemi N, Dusick JR, de Paiva Neto MA, Kelly DF. The endonasal
microscopic approach for pituitary adenomas and other parasel-
lar tumors: a 10-year experience. Neurosurgery 2008;63(4, Suppl
2):244-256, discussion 256

Dusick JR, Esposito F, Malkasian D, Kelly DF. Avoidance of carotid
artery injuries in transsphenoidal surgery with the Doppler probe
and micro-hook blades. Neurosurgery 2007;60(4, Suppl 2):322-
328, discussion 328-329

Cappabianca P, Alfieri A, de Divitiis E. Endoscopic endonasal
transsphenoidal approach to the sella: towards functional en-
doscopic pituitary surgery (FEPS). Minim Invasive Neurosurg
1998;41(2):66-73

Oldfield EH, Vortmeyer AO. Development of a histological pseudo-
capsule and its use as a surgical capsule in the excision of pituitary
tumors. ] Neurosurg 2006;104(1):7-19

Carrabba G, Dehdashti AR, Gentili F. Surgery for clival lesions:
open resection versus the expanded endoscopic endonasal ap-
proach. Neurosurg Focus 2008;25(6):E7

Al-Mefty O, Kadri PA, Hasan DM, Isolan GR, Pravdenkova S. An-
terior clivectomy: surgical technique and clinical applications. ]
Neurosurg 2008;109(5):783-793

Zanation AM, Snyderman CH, Carrau RL, Gardner PA, Prevedello
DM, Kassam AB. Endoscopic endonasal surgery for petrous apex
lesions. Laryngoscope 2009;119(1):19-25

185



186 Sellar and Parasellar Tumors

61.

62.

63.

64.

65.

Gardner PA, Kassam AB, Thomas A, et al. Endoscopic endonasal
resection of anterior cranial base meningiomas. Neurosurgery
2008;63(1):36-52, discussion 52-54

Kassam AB, Prevedello DM, Carrau RL, et al. The front door to
Meckel’s cave: an anteromedial corridor via expanded endoscopic
endonasal approach- technical considerations and clinical series.
Neurosurgery 2009;64(3, Suppl):71-82, discussion 82-83
Kassam AB, Prevedello DM, Thomas A, et al. Endoscopic endonasal
pituitary transposition for a transdorsum sellae approach to the
interpeduncular cistern. Neurosurgery 2008;62(3, Suppl 1):57-
72, discussion 72-74

Prevedello DM, Jagannathan ], Jane JA Jr, Lopes MB, Laws ER Jr.
Relevance of high Ki-67 in pituitary adenomas. Case report and
review of the literature. Neurosurg Focus 2005;19(5):E11
Larson J], van Loveren HR, Balko MG, Tew JM Jr. Evidence of me-
ningioma infiltration into cranial nerves: clinical implications
for cavernous sinus meningiomas. ] Neurosurg 1995;83(4):
596-599

66.

67.

68.

69.

70.

Hadad G, Bassagasteguy L, Carrau RL, et al. A novel reconstructive
technique after endoscopic expanded endonasal approaches: vascu-
lar pedicle nasoseptal flap. Laryngoscope 2006;116(10): 1882-1886
Kassam AB, Thomas A, Carrau RL, et al. Endoscopic reconstruction
of the cranial base using a pedicled nasoseptal flap. Neurosurgery
2008;63(1, Suppl 1):0NS44-0NS52, discussion ONS52-0ONS53
Prevedello DM, Barges-Coll |, Fernandez-Miranda JC, et al. Middle
turbinate flap for skull base reconstruction: cadaveric feasibility
study. Laryngoscope 2009;119(11):2094-2098

Fortes FS, Carrau RL, Snyderman CH, et al. Transpterygoid transpo-
sition of a temporoparietal fascia flap: a new method for skull base
reconstruction after endoscopic expanded endonasal approaches.
Laryngoscope 2007;117(6):970-976

Zanation AM, Snyderman CH, Carrau RL, Kassam AB, Gardner PA,
Prevedello DM. Minimally invasive endoscopic pericranial flap: a
new method for endonasal skull base reconstruction. Laryngo-
scope 2009;119(1):13-18



12 Transcranial Approaches to the Sellar
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The differential diagnosis of a mass within the parasellar
space is vast. Common lesions include neoplastic extra-ax-
ial masses such as pituitary adenomas, craniopharyngio-
mas, and meningiomas, or rarely vascular lesions such as
an aneurysm. An intra-axial tumor such as an astrocytoma
may also be found in this region. Other lesions may be
encountered, including Rathke cleft cyst, arachnoid cyst,
germinoma, lymphoma, metastasis, abscess, sarcoidosis,
histiocytosis, hypophysitis, infundibuloma, and neurocys-
ticercosis, to name a few.! An in-depth understanding and
familiarity with various transcranial approaches is neces-
sary for neurosurgeons who are willing to tackle lesions
within the parasellar region.

Although the transsphenoidal route is the preferred
route for most patients with a pituitary adenoma, ~1 to
4% of pituitary tumors require surgical resection via a
transcranial route.?? Pituitary adenomas with a large su-
prasellar extension may be inaccessible through a purely
transsphenoidal-transsellar route. Parasellar lesions ex-
tending into the cavernous sinus and dumbbell-shaped
sellar lesions with a narrow neck across the diaphragma
sellae may be approached through a transcranial route.
Other contraindications to the transsphenoidal approach
include active sinus infection, lesions that coexist with an
adjacent aneurysm, and ectatic “kissing” carotid arteries
or fibrous tumors with suprasellar extension. Some neu-
rosurgeons have considered the uncertainty regarding the
pathology of these lesions (ie, meningioma vs. adenoma) to
be an indication for the transcranial route.* The most often
cited reason for using the transcranial approach is a previ-
ously failed transsphenoidal exploration, which commonly
results from a combination of the above-listed reasons. In
addition, a lack of descent of the suprasellar component
of a large pituitary macroadenoma after a transsphenoidal
resection may lead the clinician to consider a transcranial
approach from above. As a general rule, parasellar lesions
that do not enlarge the sella, such as meningiomas and cra-
niopharyngiomas, typically require a greater field of view
than that provided through the transsphenoidal route and
may be best approached through a transcranial corridor to
ensure gross total resection with preservation of neighbor-
ing neurovascular structures.

Transcranial approaches provide a more panoramic view
of critical neurovascular structures such as the carotid ar-

tery and optic nerves early in the dissection process, fur-
ther protecting them from unsafe surgical manipulations.
Conversely, transcranial approaches may pose increased
surgical risks associated with a craniotomy, including fron-
tal lobe injury due to retraction. When an approach to the
sellar and parasellar regions is considered, the benefits of
each approach should be carefully weighed against its in-
herent risks. When the neurosurgeon decides on a particu-
lar transcranial approach, he or she must take into account
the specific features of the neuroanatomy of the lesion, in-
cluding its size, location, relationship to the critical neuro-
vascular structures, and predicted pathology.

¢ Preoperative Preparation

Before the incision is made for any of the approaches listed
below, the patient is given an intravenous dose of an an-
tibiotic (continued for 24 hours postoperatively) and an
anticonvulsant (continued for 7 days postoperatively, un-
less a seizure disorder develops). The arterial Pco, is main-
tained at ~30 mm Hg throughout the case. The patient is
also given 10 mg of dexamethasone and 1 g of mannitol
per kilogram intravenously at the time of the incision. A
lumbar drain or external ventricular drain is generally not
required. However, an external ventricular drain may be
placed when the patient has hydrocephalus or when peri-
tumoral edema is significant enough to cause intracranial
hypertension.

For all approaches, the head is held in position via a 3-pin
Mayfield head holder or another fixation device. The head
is positioned above the heart to encourage venous drain-
age, turned 20 to 30 degrees contralaterally, and slightly
extended to keep the zygomatic arch as the highest point
in the surgical field (Fig. 12.1). A minimal amount of hair
is shaved, and the planned skin incision is infiltrated with
lidocaine-epinephrine solution.

¢ Pterional Approach

The pterional craniotomy has been one of the workhorse
approaches in neurosurgery for many years. Yasargil et
al refined and described the intricacies of this approach.’®
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Fig. 12.1 Forall approaches, the head is held in position via a three-
pin Mayfield head holder. The head is positioned above the heart to
encourage venous drainage, turned 20 to 30 degrees contralater-
ally, and slightly extended to keep the zygomatic arch as the highest
point in the surgical field.

Although commonly used for anterior circulation aneu-
rysms, the pterional craniotomy also provides an excellent
working corridor for resection of suprasellar and parasel-
lar tumors. Of the transcranial approaches, it commonly
affords one of the shortest operating distances to the le-
sion.® This approach displays familiar anatomy, provides
efficient access to the sellar and parasellar regions, and is
easily mastered. The senior author (ACG) most commonly
uses this approach among the other transcranial routes for
reaching parasellar lesions.

Once the decision has been made to use the pterional ap-
proach, laterality must be addressed. If the tumor extends
significantly to one side, the tumor should be approached
from that side. When lateral extension is not an issue, the
approach is from the same side as the eye with the poorer
vision. If the patient’s vision is symmetrically affected, the
approach is from the side of the nondominant hemisphere.

A small area of hair is shaved along a standard pterional
skin incision. The incision is begun at the zygomatic arch, 1
cm anterior to the tragus to avoid the superficial temporal
artery, and is continued 1 to 2 cm behind the hairline to the
contralateral midpupillary line (Fig. 12.2). When reflecting
the skin flap forward, the neurosurgeon should keep the
plane of dissection below the plane of the superficial fat
pad that rests above the temporal muscle and fascia. The
frontal branch of the facial nerve travels through the su-
perficial fascia of the fat pad and should be protected. The
temporalis muscle is elevated from the bone with Bovie
electrocautery and reflected with the scalp flap anteriorly
in one musculocutaneous layer (Fig. 12.3).

A burr hole is placed just inferior to the posterior aspect
of the superior temporal line, abutting the skin incision,
and a standard pterional craniotomy flap is elevated and
extended just lateral to the midpupillary line (Fig. 12.4). If
the frontal sinus is violated, it is exenterated by thoroughly
stripping its mucosa away to avoid formation of a muco-

Fig. 12.2 A small area of hair is shaved along a stan-
dard pterional skin incision. The incision is begun at
the zygomatic arch, 1 cm anterior to the tragus to
avoid the superficial temporal artery, and is contin-
ued 1 to 2 cm behind the hairline to the contralateral
midpupillary line.

cele, and the sinus ostium is plugged with pieces of tem-
poralis muscle to avoid postoperative cerebrospinal fluid
(CSF) rhinorrhea.

To maximize exposure and minimize frontal lobe retrac-
tion, the lateral aspect of the sphenoid ridge is drilled away
as far as the superior orbital fissure. Furthermore, the edge
of frontal bone over the lateral aspect of the roof of the
orbit is drilled flush with the roof of the orbit by using a
high-speed drill (Figs. 12.5 and 12.6). A Leksell rongeur is
then used to remove additional temporal bone to expose
the floor of the middle cranial fossa.

The dura is incised with a C-shaped durotomy (Fig.
12.7), reflected anteriorly, and tacked up with stitches to
the galea of the retracted scalp flap. With an operating
microscope, a retractor blade is gently placed subfrontally
just anterior to the sphenoid ridge and lateral to the olfac-
tory tract (Fig. 12.8). The olfactory tract is followed pos-
teriorly until the arachnoid over the optic nerve and the
internal carotid artery cisterns are identified. CSF can then
be drained by opening these cisterns to further increase
brain relaxation. When a large tumor completely fills these
cisterns, preoperative placement of a lumbar drain or in-
traoperative placement of an external ventricular drain
should be done through a frontal burr hole to increase
brain relaxation and decrease the need for frontal lobe re-
traction for tumor exposure.

Retraction of the frontal and temporal lobes can be fa-
cilitated by opening the anterior limb of the sylvian fis-
sure (Fig. 12.9). This maneuver will aid in reducing the
retraction forces needed to obtain tumor exposure. The
arachnoid of the sylvian fissure is dissected in a superfi-
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Fig. 12.3 The temporalis muscle is elevated from the bone with Fig. 12.4 A burr hole is placed just inferior to the posterior aspect
Bovie electrocautery and reflected with the scalp flap anteriorly in of the superior temporal line, abutting the skin incision, and a stan-
one musculocutaneous layer. dard pterional craniotomy flap is elevated and extended just lateral

to the midpupillary line.

Fig. 12.6 The edge of frontal bone over the lateral aspect of the
roof of the orbit is drilled flush with the roof of the orbit by using a
high-speed drill.

Fig. 12.5 To maximize exposure and minimize frontal lobe retrac-
tion, the lateral aspect of the sphenoid ridge is drilled away as far as
the superior orbital fissure.
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Fig. 12.7 The dura is incised by using a Gshaped durotomy.

Fig. 12.9 Retraction of the frontal and temporal lobes can be facili-
tated by opening the anterior limb of the sylvian fissure.

cial to deep manner along its anterior limb (Figs. 12.10 and
12.11). The opening of the arachnoid nearest the lesion is
of key importance for optimal exposure’ (Fig. 12.12). The
arachnoid is dissected by using a blunt fine-tip probe to
separate the arachnoid from the entangled vessels and
then sharply cut. Microscissors can be used to continue to
open the arachnoid. Bleeding can generally be controlled
with irrigation; however, the small bridging veins along the
anterior limb of the sylvian fissure can be taken with little
ill effect. The sylvian arteries should be preserved with
their corresponding lobe as much as possible. The extent
to which the fissure is split depends on and is tailored to
the size of the lesion to be resected. The thicker arachnoid
layers over the carotid artery and optic nerve are sharply
cut (Figs. 12.13 and 12.14).

Fig. 12.8 With an operating microscope, a retractor blade is gently
placed subfrontally just anterior to the sphenoid ridge and lateral to
the olfactory tract.

At this point, the neurosurgeon can work in several dif-
ferent corridors to access and resect the tumor, including
the opticocarotid, prechiasmatic, and retrocarotid win-
dows (Fig. 12.15). The lamina terminalis provides access
to the third ventricular component of the lesion when
necessary. Initially, only the ipsilateral optic nerve may be
in view, but as tumor resection proceeds, identification of
the contralateral carotid artery and optic nerve early in
the dissection process is imperative to prevent their in-
jury. Opening the falciform ligament will partly release
the optic nerve and allow safer mobilization of the nerve
to manipulate the tumor (Fig. 12.16). Tumor resection
should begin with devascularization (especially for me-
ningiomas) and as much intracapsular debulking as possi-
ble and then careful dissection of the tumor capsule away
from the critical surrounding tissues (Figs. 12.17, 12.18,
12.19, and 12.20). Further details concerning the treat-
ment of individual pathologies can be found in Chapters
6 through 10.

The major disadvantage of the pterional approach be-
comes apparent in cases in which the optic chiasm is
prefixed, allowing a very limited working channel. In ad-
dition, resection may become more difficult if the lesion
extends far superiorly or posteriorly because of limited
exposure through this basal frontal route. Complications
associated with the pterional approach include infec-
tion, hematoma, CSF leakage, postoperative seizures, and
frontal lobe edema from excessive retraction. Optic nerve
damage may occur during surgery as a result of aggres-
sive tumor resection or bipolar cauterization of the nearby
perforating vessels. The perforating arteries supplying the
optic apparatus arise from the anterior communicating
artery and from underneath the chiasm and should be
preserved. Hypothalamic and/or pituitary damage can
also occur as the result of manipulation of these struc-
tures or their vascular supply. Pituitary dysfunction may
manifest postoperatively as diabetes insipidus and should
be treated accordingly.
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Fig. 12.10 The arachnoid of the sylvian fissure is dissected in a su- ) o ]
perficial to deep manner along its anterior limb. Fig. 12.11  Bridging veins are coagulated and cut.

Fig. 12.13 The thicker arachnoid layers over the carotid artery and
optic nerve are sharply cut.

Fig. 12.12 The opening of the arachnoid nearest the lesion is of
key importance for optimal exposure.

Fig. 12.14 Further arachnoid opening is completed.
Fig. 12.15 The surgeon can work in several different corridors to
access and resect the tumor, including the opticocarotid, prechias-
matic, and retrocarotid windows.
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Fig. 12.16 Opening the falciform ligament will partly release the
optic nerve and allow safer mobilization of the nerve to manipulate
the tumor.

Fig. 12.18 The falciform ligament is incised, the optic nerve is re-
leased, and the tumor is debulked.

Fig. 12.17 Tumor resection should begin with devascularization
(especially for meningiomas) and as much intracapsular debulking
as possible and then careful dissection of the tumor capsule away
from the critical surrounding tissues. These intraoperative images
illustrate the steps involved in the removal of a suprasellar menin-
gioma through a right pterional approach.

Fig. 12.19 Further tumor debulking is completed.
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Left optic nerve

Fig. 12.20 Dissection around the posterior part of the tumor re-
veals the contralateral optic nerve at the level of the chiasm.

¢ Orbitozygomatic Approach

The orbitozygomatic (OZ) approach takes the pterional
craniotomy one step further in terms of increasing visu-
alization of the surgical corridor and decreasing the work-
ing distance of the operator by removing more of the skull
base bone. The modified OZ craniotomy has been adequate
for reaching parasellar lesions and is the preferred ap-
proach when additional bony removal is necessary for the
resection of large lesions with superior and posterior ex-
tensions. This modified OZ approach is actually an extend-
ed frontotemporal craniotomy that includes a supraorbital
osteotomy. The frontal and temporal bone flap, usually re-
moved for a traditional pterional craniotomy, in this case
also includes the orbital rim from just lateral to the supra-
orbital foramen/notch to as far as just inferior to the fron-
tozygomatic suture. OZ craniotomy provides an expanded
corridor in which to reach lesions involving the circle of
Willis, including the orbit, paraclinoid and parasellar loca-
tions, cavernous sinus, and especially the more cranially
located basilar apex region.

For the one-piece modified OZ osteotomy approach, the
patient’s head position is similar to the one used during the
pterional approach, with the head rotated contralaterally
~15 degrees. An incision is begun at the inferior edge of the
zygomatic bone 1 cm anterior to the tragus and carried to
the contralateral midpupillary line just behind the hairline.
The periosteum and superficial layer of the temporalis fas-
cia (including the fat pad) are carried up in one layer with
the skin flap by using an interfascial method. Care must be
taken when working near the supraorbital notch to avoid
cutting the supraorbital nerve and, instead, to release this
nerve from its notch. Occasionally, a foramen (20-25%)
may house this nerve, in which case the bone around the
nerve should be drilled away. The nerve can then be re-
flected anteriorly along with the scalp flap. Dissection is

continued along the orbital rim to the zygomatic process,
allowing the scalp to be fully mobilized and reflected an-
teriorly along these bony edges. The superior and lateral
periorbita is then carefully dissected away to a depth of
~1.5 to 2 cm. Care must be taken to keep the periorbita
intact to lessen the chance of postoperative periorbital ec-
chymosis. The details of this modified OZ craniotomy have
been previously described by Balasingam el al.?

Two burr holes are placed: one above the root of the zy-
goma and one at the keyhole. A craniotome is used to com-
plete a frontotemporal craniotomy from the first burr hole
above the zygoma toward the orbital rim just lateral to the
supraorbital foramen/notch. However, further progress of
the craniotome with the foot plate is stopped at the orbital
roof (Fig. 12.21). The foot plate is then “turned around on
itself” to expand the last few millimeters of bony cut to
create enough space for removing the foot plate. Alterna-
tively, the drill may be backed out along the calvarial bony
cut back to the original burr hole and removed. A spatula
may be used to protect the orbital contents during orbital
osteotomy.

Next, the foot plate is removed and a straight side-cut-
ting B1 drill bit (Midas Rex, Fort Worth, TX) is mounted
on the drill to complete the first orbital osteotomy over the
orbital rim (Fig. 12.21). Next, using a craniotome, the neu-
rosurgeon will create a bony cut from the first burr hole
at the root of the zygoma toward the keyhole (the cut is

Fig. 12.21 A craniotome is used to complete a frontotemporal
craniotomy from the first burr hole above the zygoma toward the
orbital rim just lateral to the supraorbital foramen/notch; however,
further progress of the craniotome with the foot plate is stopped at
the orbital roof. (Used with permission from Clarian Health.)



194 Sellar and Parasellar Tumors

Fig. 12.22 The second orbital osteotomy involves making a cut
(with the B1 drill bit) from the keyhole extending inferiorly and then
anteriorly below the frontozygomatic suture to disconnect the fron-
tal process of the zygomatic bone. (Used with permission from Clar-
ian Health.)

bordered inferiorly by the temporalis muscle), and another
cut from the keyhole backward toward the first burr hole
(these latter two cuts are limited by the bone over the
pterion, which may be thinned with the B1 bit).

The second orbital osteotomy involves making a cut
(with the B1 drill bit) from the keyhole extending inferi-
orly and then anteriorly below the frontozygomatic suture
to disconnect the frontal process of the zygomatic bone
(Fig. 12.22). The orbital contents are again protected by a
spatula, and the angle of the drill remains perpendicular
to the plane of the bone at all times. The final and third
orbital osteotomy will require the use of a thin, small os-
teotome to disconnect the orbital roof from the keyhole
toward the first orbital osteotomy cut just lateral to the
supraorbital foramen/notch. Two cotton patties may be
used to protect the frontal dura superiorly and the peri-
orbita inferiorly from the osteotome (Fig. 12.23). These
three osteotomy cuts will disconnect the superior and
lateral orbital attachments, allowing completion of a su-
praorbital osteotomy. The craniotomy bone flap is now
reflected anteroinferiorly, and additional bony removal
posteriorly along the roof of the orbit can be accom-
plished. The pterion is dilled away, and the dura is opened
in a curvilinear fashion centered over the pterion. Inferior
traction along the frontal dura over the orbit with tack-up
sutures will gently depress the orbital contents inferiorly
and allow an unobstructed view along the inferior frontal
lobe toward the optic chiasm. Dissection, retraction, and
tumor removal may proceed as in the pterional approach.

Fig. 12.23 Two cotton patties may be used to protect the frontal
dura superiorly and periorbita inferiorly from the osteotome. (Used
with permission from Clarian Health.)

A transsylvian approach can be performed similarly to a
pterional approach but can afford a shorter working dis-
tance with access to the parasellar region.’

Complications of the OZ approach are similar to those
of the pterional route, although the risk for entry into the
frontal sinus and cosmetic deformity is slightly higher.
Removal of the lateral wall risks injury to the globe, and
removal of the orbital roof risks injury to the optic nerve.
Although providing superior visualization of the parasellar
region and reducing frontal lobe retraction, this approach
is also more time-intensive and is not performed as com-
monly as the pterional craniotomy.

¢ Bifrontal Approach

Most of the lesions in the parasellar space are approached
through the pterional or OZ approaches. Large lesions with
significant bilateral extension along the optic apparatus
may be exposed by using the bifrontal approach. The po-
tential advantage of this approach is the operative wide
bilateral window it provides and the direct visualization
of the anterior optic pathway and lamina terminalis.® The
presence of a postfixed chiasm is another reasonable in-
dication for this approach. However, we have rarely em-
ployed this route because the classic pterional approach is
adequate to remove larger tumors. As tumor removal pro-
ceeds, the working corridor expands and additional expo-
sure is not usually necessary.

After induction of general anesthesia and endotracheal
intubation, the patient’s head is fixed in a Mayfield head
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holder with the head extended 15 to 20 degrees to allow
gravitational retraction of the frontal lobes. Lateral rotation
of the head is not needed for this midline approach. A lum-
bar drain is generally placed before the surgery is begun.

The surgeon incises the scalp beginning 1 cm anterior to
the tragus and continuing to 1 cm anterior to the opposite
tragus, staying behind the hairline. The incision should be
sinusoidal in shape and kept behind the hairline for cos-
mesis. An incision is made through the galea, which is then
elevated from the pericranium with sharp dissection. It is
necessary to maintain the periosteal layer intact because
it will be used later to cover the frontal sinus. An attempt
is also made to preserve the main trunk of the superficial
temporal arteries bilaterally by dissecting through the su-
perficial and subcutaneous layers of the skin within the
first and last 3 cm of the incision. As separation of the ga-
lea and periosteum progresses anteriorly, the supraorbital
nerves are carefully preserved and elevated as described
above. An incision in the pericranium is made 5 cm supe-
rior to the supraorbital rim. A subperiosteal dissection is
performed down over the frontal bone and laterally to the
superior temporal lines, and a periosteal flap is reflected
anteriorly while the supraorbital nerves are preserved.
This creates a vascularized periosteal flap for covering the
frontal sinus at the end of the procedure.

Two burr holes are placed in the region of the keyholes
as well as one burr hole over the superior sagittal sinus ~3
cm anterior to the coronal suture (the superior extent of the
craniotomy depends on the size of the lesion). Using a cra-
niotome, the surgeon elevates a craniotomy as low and close
to the orbital roof as possible. If the frontal sinus is large, a
B1 bit without a foot plate may be used to complete the os-
teotomy over the anterior and posterior walls of the frontal
sinus. The bone is removed in one piece, with the dura left
intact. Attention is then turned to the frontal sinus. The si-
nus is exenterated from its mucosa, packed with muscle or
fat, and covered with Tisseel (Baxter, Deerfield, IL).

The dura is incised in a U-shape with the base along the
orbital floor. The anterior part of the sagittal sinus is ligated
and coagulated along the superior edge of the craniotomy.
The falx cerebri is cut, and the dura is retracted anteriorly
with stay sutures.

A Greenberg retractor is affixed to the Mayfield head
holder, and gentle retraction is placed on each frontal lobe
as it is elevated. CSF may be drained in increments of 10 to
20 mL up to a total of 60 mL from the lumbar drain to afford
more brain relaxation. The arachnoidal cistern surround-
ing the olfactory bulb and tracts can be opened to allow
further drainage of CSF. Sharp dissection is then performed
to release the olfactory nerves from the orbital surface of
the frontal lobes to the level of the olfactory trigone. Dur-
ing this dissection, the olfactory artery arising lateral to
the anterior cerebral artery or collateral branches distal to
the anterior communicating artery should be preserved.'®
At the terminus of the olfactory nerve dissection, the basal
interhemispheric fissure will demonstrate overhanging
distal A2 segments of the anterior cerebral arteries. The
chiasmatic and lamina terminalis cisterns can be exposed
with sharp dissection. The anterior communicating artery
and the optic chiasm will then come into view. Incision
of the lamina terminalis will provide access to the tumor

behind the optic chiasm and within the third ventricle.
With the tumor now in view, careful dissection from the
surrounding structures with incremental debulking may
be conducted until adequate tumor resection is obtained.
Further details concerning the treatment of individual le-
sions can be found in preceding chapters of this book.

Following resection of the tumor, meticulous hemostasis
is obtained. Copious irrigation is performed to remove any
residual blood. The dura is closed in a “watertight” fash-
ion. A Gelfoam (Braun AG, Melsungen, Germany) sponge
is placed extradurally. The frontal sinus is again inspected,
packed with more muscle and bone, and covered with the
pericranial flap. The bone is fixed with titanium Cranio-
Fix plates (Aesculap AG, Tuttlingen, Germany). Finally, the
galea is closed with interrupted sutures, and the skin is
closed with staples. An optional subgaleal drain may be
left in for 24 hours.

This approach may be modified to gain further visualiza-
tion of more superiorly located tumors while minimizing
frontal lobe retraction. The orbital roof just medial to the
supraorbital notch may be osteotomized bilaterally with a
craniotome. The orbital contents should be stripped from
the bone to the depth of the posterior ethmoidal artery be-
fore this osteotomy. A vertical cut between the crista galli
and the supraorbital bar defines the posterior edge of the
extended bone flap. The inferior cut is through or just supe-
rior to the frontonasal suture. At the end of the procedure,
the bone can be replaced with two 2-hole, low-profile tita-
nium plates and titanium screws along the supraorbital bar.

The subfrontal approach also carries specific risks and
challenges. The frontal sinus may be entered via this ap-
proach and should be exenterated as described above.
The subfrontal approach also increases the risk for olfac-
tory nerve injury, with the patient permanently anosmic
postoperatively. The sacrifice of the superior sagittal sinus,
although anterior to the coronal suture, may be associat-
ed with frontal lobe venous infarction. Retraction of both
frontal lobes increases the risk for frontal lobe injury.

¢ Unilateral Subfrontal Approach

The unilateral subfrontal route has the advantages of re-
quiring less surgical time to complete than the bilateral
subfrontal approach and providing an anterior and nearly
panoramic view of the sellar and parasellar lesions. This
approach may be more appropriate for lesions that extend
anteriorly or laterally on one side and is typically used for
lesions located more anteriorly in the parasellar region,
just above the pituitary gland and around the optic nerves.
The unilateral subfrontal approach may provide adequate
visualization of the anterior midline lesions, as does the
bilateral subfrontal approach, without the need for ligation
of the superior sagittal sinus or bilateral dissection of the
olfactory bulb and tract.”

After induction of general anesthesia and intubation, the
patient is positioned supine with the head in a Mayfield
head holder and rotated between 10 and 30 degrees con-
tralaterally. The head is extended ~30 degrees, with the zy-
goma elevated to the highest point. The skin incision starts
1 cm anterior to the tragus and 1 cm above the zygomatic
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arch and extends behind the hairline to the contralateral
midpupillary line. The scalp flap is elevated with sharp dis-
section between the galea and periosteum. The superficial
fat pad is elevated with the skin flap as in the pterional ap-
proach to preserve the temporal branch of the facial nerve.
Dissection is continued to the supraorbital rim and the
frontozygomatic suture. The temporalis muscle is sepa-
rated from the anterior aspect of the superior temporal
line and the frontozygomatic process. This muscle is then
retracted posteriorly'' and the pericranium is sharply re-
moved from the bone, with its pedicle preserved anteri-
orly. This pericranium is preserved for potential use if the
frontal sinus is violated.

A single burr hole is placed at the pterional keyhole. A
craniotome is then used to cut along the supraorbital mar-
gin; the cut is stopped just lateral to the supraorbital notch
and then extended as far superiorly as dictated by preop-
erative imaging. The inferior edge of the craniotomy is then
completed close to the level of the orbital roof. If the frontal
sinus is entered, exenteration as described above is per-
formed. A U-shaped dural flap is cut so that the base is po-
sitioned inferiorly. The dura is then tacked up with stitches.

With the operating microscope, gentle elevation of the
frontal lobe allows identification of the arachnoid attach-
ments over the olfactory cistern, which is opened. The
olfactory nerve is followed posteriorly until the anatomic
windows of the subchiasmatic, opticocarotid, and retroca-
rotid cisterns are found. In the case of a prominent tuber-
culum sellae that limits visualization in the subchiasmatic
space, a diamond burr drill can be used to drill down this
bony structure to the level of the anterior intercavernous
sinus. If necessary, the sphenoid sinus can be opened and
the anterior wall of the sella turcica removed. With the
tumor now in view, meticulous dissection from the sur-
rounding structures with incremental debulking of the tu-
mor will allow tumor removal.

Once the tumor resection is complete and hemostasis
achieved, the dura is closed in a “watertight” fashion, and a
Gelfoam sponge is placed extradurally. The frontal sinus is
again inspected and, if violated, covered with the pericra-
nial flap. Next, the bone flap is fixated with titanium Cra-
nioFix plates. The temporalis muscle is tacked back to the
superior temporal line where a cuff of fascia was left intact.
The scalp is closed with galeal sutures and the skin stapled.
A subgaleal drain may also be placed before closure.

The complications associated with the unilateral sub-
frontal route are very similar to those described for the
pterional craniotomy. As with the subfrontal approach, the
chance of entering the frontal sinus and postoperative an-
osmia is greater than with the typical pterional approach

¢ Supraorbital Keyhole Approach

The supraorbital keyhole approach, developed most re-
cently and similar to the unilateral subfrontal approach,
is indicated for lesions superior to the pituitary gland and
around the optic nerve. The advantages of this approach
include minimal bone removal and a much smaller skin in-
cision. However, the intracranial exposure afforded by this
approach is more restrictive.

After induction of general anesthesia, intubation, and
supine positioning of the patient, a Mayfield head holder
is used to turn the head 15 to 60 degrees contralaterally,
depending on the anatomy of the lesion according to pre-
operative imaging.'? The head is extended slightly to place
the zygoma at the highest point, thereby facilitating gravi-
tational retraction of the frontal lobe.

The eye is lubricated and taped shut, and the skin is pre-
pared. The eyebrow should not be shaved because of its
slow regrowth. An incision is made within the eyebrow
just lateral to the supraorbital notch and follows the orbital
rim laterally and inferiorly to the end of the eyebrow. Medi-
ally, the incision is kept more superficial to avoid injury to
the supraorbital nerve and artery. Careful dissection down
through the layers of the galea to the periosteum is per-
formed medially to identify and preserve the supraorbital
nerve while maximizing the use and extent of the incision.
Fish hooks are used to retract the superior skin flap and
frontalis muscle, which has been sharply removed from the
periosteum in a transverse direction. The orbicularis oculi
muscle can be gently retracted inferiorly toward the orbit
with retraction sutures. The pericranium is incised in a half
moon shape with a base toward the orbit for later use if the
frontal sinus is violated."® A short anterior segment of the
temporalis fascia and muscle is released at the superior tem-
poral line. Muscle and fascia are retracted inferolaterally to
fully expose the frontozygomatic process and the keyhole.

A burr hole inferior to the superior temporal line and
posterior to the keyhole is created with a high-speed drill.
A half-moon-shaped craniotomy flap similar to that used
in the unilateral subfrontal approach is then fashioned and
may or may not include the lateral aspect of the orbital rim.
An approximate size for this craniotomy is 10 to 15 mm by
15 to 25 mm. For further exposure, the orbital rim can be
drilled down to better visualize the floor of the anterior
cranial fossa.’* The bony ridges over the anterior cranial
fossa floor can also be drilled down to improve exposure.

The dura is opened in a U-shaped manner, with the base
located inferiorly. With gentle elevation of the frontal lobe,
the arachnoid cistern around the olfactory tract is visual-
ized with the operating microscope and opened to allow
adequate CSF drainage. The frontal lobe is gently elevated,
and the olfactory tract is then traced back to the chias-
matic and carotid cisterns. After these arachnoid cisterns
have been opened, the parasellar/suprasellar lesion should
be within the field of view, and meticulous dissection from
the surrounding structures with incremental debulking of
the tumor can be conducted.

Following resection of the tumor, hemostasis is obtained,
copious irrigation of the cisterns is performed, and the
dura is closed with sutures. If the frontal sinus is violated,
it can be addressed at this time, as described in previous
sections of this chapter. A plate of Gelfoam is placed extra-
durally. The craniotomy is replaced and fixated with a burr
hole cover plate and other combinations of low-profile
titanium plates for cosmesis. The temporalis muscle and
fascia are returned to their original positions and sewn to
their corresponding fascial cuffs. If the pericranial flap was
not used to close the frontal sinus, it is placed back over the
bone. The scalp flap is closed with galeal and subcutaneous
sutures, and a topical skin glue is placed on the skin.
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The main disadvantage of the supraorbital keyhole ap-
proach is that it provides a much smaller working corridor
and should not be used for large lesions. Injury to the su-
praorbital nerve may cause some numbness above the eye-
brow. Frontalis palsy may be a more frequent complication
of this exposure than of other approaches because of the
location of the incision. A spacious frontal sinus appreciat-
ed on the preoperative computed tomographic scans and/
or magnetic resonance (MR) images may be a contraindica-
tion to this form of craniotomy.

¢ Subtemporal Approach

The subtemporal approach is infrequently used for supra-
sellar and parasellar lesions but may be especially useful for
those lesions that extend into the infratentorial space, are
retrochiasmatic, or extend into the temporal fossa.'* This
route offers the most direct approach to remove the lesions
in the often “difficult to reach” retrochiasmatic space. Pre-
operative MR venography may be useful to ensure that the
vein of Labbé is not tethered anteriorly and therefore not
vulnerable during elevation of the temporal lobe.

After induction of general anesthesia and intubation,
a lumbar drain can be placed for CSF drainage and brain
relaxation to minimize temporal lobe retraction. With the
patient in a supine position and use of a Mayfield head
holder, the patient’s head is rotated 60 degrees away from
the lesion and extended 30 degrees for optimal visualiza-
tion of the sella and parasellar regions.'

A linear incision 1 cm anterior to the tragus is started
1 cm below the zygomatic arch and extended 1 cm above
the superior temporal line. Preservation of the superficial
temporal artery is attempted as dissection down to the
zygomatic arch and the temporalis fascia is performed.
The periosteum is incised over the zygomatic arch and ex-
posed subperiosteally. Anterior and posterior osteotomies
at the limits of the arch are then completed, and the arch
is plated for later reattachment. Following this, the tempo-
ralis muscle is dissected parallel to the line of skin incision
and retracted anteriorly and posteriorly with a cerebellar
retractor.

A small temporal craniotomy is made with an anterior
burr hole so that the inferior bony cut is flush with the
floor of the middle cranial fossa. The middle meningeal
artery can be coagulated and divided where it enters the
middle cranial fossa through the foramen spinosum. A U-
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shaped dural flap is made with an inferior base and tacked
out of the way with silk sutures. A wide, self-retaining re-
tractor can then be inserted to gently retract the tempo-
ral lobe superiorly and provide exposure to the posterior
parasellar area through the middle cranial fossa. Opening
the basal cisterns along the third nerve will allow further
CSF drainage and further brain relaxation. With the lesion
now in view, dissection from the surrounding structures
and incremental debulking of the tumor can proceed.

Following resection of the tumor, hemostasis is obtained,
copious irrigation of the cisterns is performed, and the re-
tractors are removed. The dura is closed with sutures, and
a plate of Gelfoam is placed extradurally. The bone flap is
fixated with titanium CranioFix plates, and the zygomatic
arch is reattached with low-profile titanium plates. The
muscle and scalp are closed in anatomic layers with inter-
rupted sutures and staples.

Although the subtemporal approach offers a unique
corridor to the retrochiasmatic tumor, it is limited by the
restricted access it provides to the superior and anterior
parasellar space. Postoperative difficulty in mandibular
movement due to masseter and temporalis muscle dissec
tion is frequent. In addition to the common risks of craniot-
omies mentioned in the section on the pterional approach,
injury to the branches of the facial nerve just below the zy-
gomatic arch is of unique concern with this approach. The
significant temporal lobe retraction necessary during this
surgery places the lobe at risk, and retraction injury can be
especially symptomatic in the dominant hemisphere.

& Conclusion

The transcranial removal of parasellar lesions requires pro-
ficiency in microsurgical techniques. The neurosurgeon
should not focus too much on the “exposure,” but more on
“what to do when we get there” in terms of handling the
tumor and surrounding cerebrovascular structures. The
classic pterional approach is a versatile route that allows
safe exposure and removal of most parasellar lesions. One
must at all times look out for the optic nerve and other ad-
jacent cerebrovascular structures and remain patient while
handling the tumor. “Pulling” the tumor indiscriminately
and cutting without scrutinizing the tips of the microscis-
sors can be regretted later. It is acceptable and preferable
to say “here it is” and be wrong than to say “there it was”
and be right.
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Itai Pashtan, Kevin S. Oh, and Jay S. Loeffler

Radiation therapy has an important role in the local con-
trol of sellar and parasellar tumors that are not completely
resected, recur after surgery, or are considered at high risk
for recurrence despite surgical resection based on ana-
tomic and/or biological factors. This chapter outlines the
various delivery systems and fractionation schemes used
in radiation therapy, as well as the data supporting its use
in both benign and malignant conditions.

¢ Fractionation Schedules and Technology
in Radiation Oncology

The term fractionation refers to the number of individ-
ual radiation treatments delivered. The total dose is the
number of fractions multiplied by the dose per fraction.
Clinical outcomes, such as local control, are heavily in-
fluenced by both the dose per fraction and total dose.
For example, 50 Gy in 25 fractions may be equivalent
in some tumors to 12 to 14 Gy in one fraction. Prolong-
ing fractionation, by dividing the total dose into a larger
number of fractions, has the potential to decrease late
complications in normal tissue. This comes at the ex-
pense of a longer treatment time, which allows interfrac-
tion tumor repopulation and necessitates a higher total
dose. The balance between these factors determines the
relative benefits of conventional fractionated external
beam radiation therapy (EBRT) versus those of stereotac-
tic radiosurgery (SRS).

& Conventional Fractionated EBRT

The term conventional fractionation refers to the use of 1.8
to 2 Gy per day. As detailed in this chapter, the total doses
for fractionated EBRT in the management of sellar/parasel-
lar tumors range from 45 to 54 Gy, which implies 25 to
30 fractions, or 5 to 6 weeks of daily treatment. Treatment
planning with three-dimensional conformal radiation
therapy (CRT) is available in several commercially available
software packages and typically requires at least three un-
opposed beams to reduce heterogeneity (“hot spots”) and
minimize dose in surrounding uninvolved tissue. A grow-

ing number of radiation oncology practices use inverse-
planned intensity-modulated radiation therapy (IMRT)
for cases with a difficult geometric relationship between
target and normal tissue, such as tumor surrounding the
optic nerve in a concave configuration. There are several
methodologies for IMRT, but most commonly require the
capacity to divide the primary beam into 5- to 10-mm
beamlets and the use of software to iterate and evaluate
fluence through these beamlets to achieve the plan objec-
tives. In all cases of linear accelerator (LINAC)-based intra-
cranial radiation therapy, beam energy should be 6 to 10
megavolts (MV).

¢ Stereotactic Radiosurgery

In SRS, a high dose can be delivered in a single fraction by
using a highly accurate and reproducible three-dimen-
sional coordinate system for localization. Typical SRS doses
for intracranial tumors range from 12 to 35 Gy, delivered
in one dose. Several stereotactic systems exist to achieve
submillimeter precision, the most common of which are
the gamma knife (Elekta, Stockholm, Sweden), CyberKnife
(Accuray, Sunnyvale, CA), and linear accelerator-based sys-
tems. For example, the gamma knife uses a metal collima-
tor helmet for patient immobilization and distancing from
the treatment head, which consists of a hemispheric distri-
bution of sources of cobalt 60 behind bores. Bores are sys-
tematically removed such that beam arrays converge at an
isocenter. Several overlapping isocenters may be used for
irregularly shaped targets. LINAC-based systems achieve
immobilization with (1) a rigid frame secured to the cal-
varium by four pins above the level of the brow, (2) a mask
that incorporates a bite piece that relies on the uniqueness
of the patient’s dental impression, or (3) a mask and im-
age guidance system. The standard beam from a standard
LINAC can be shaped by either cones or multileaf collima-
tors (MLCs). A steep dose gradient between the target and
adjacent normal tissues is created by (1) using multiple
beam arrangements or arc therapy and (2) prescribing to
the steepest portion of the beam profile, which is often the
50% isodose line (IDL) for gamma knife or the 80 to 90% IDL
for LINAC-based SRS.
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4 Indications for SRS versus Conventional
Fractionated EBRT

SRS has advantages over fractionated EBRT: convenience,
the ability to spare normal tissue, and minimal toxicity.!
For secretory pituitary adenomas, SRS may provide fast-
er hormonal ablation.? However, many patients are not
candidates for SRS because of unfavorable tumor size, ir-
regular geometry, or tumor location. Although each case is
considered individually, the dosimetric advantages of SRS
generally decline when the tumor is larger than 3 cm. For
tumors abutting critical organs at risk (OARs), it is often
difficult to achieve sufficient dose falloff between the pre-
scription dose and the tolerance of the OAR. For example,
to keep the optic chiasm and nerves from receiving less
than 8 to 10 Gy at typical SRS doses, the target should gen-
erally be located at least 3 to 5 mm away from the optic
apparatus.

¢ Dose Limitations of the Optic Chiasm
and Nerves

Historically, the 5-year risk for visual deficits from stan-
dard fractionated EBRT to the optic chiasm and nerves
was believed to be 5% at 50 Gy and 50% at 65 Gy.> How-
ever, these guidelines were based on consensus agreement
rather than actual clinical data. In 2010, the Quantitative
Analysis of Normal Tissue Effects in the Clinic (QUANTEC)
provided updated recommendations for safe irradiation
of the optic nerve and chiasm, suggesting that radiation-
induced optic neuropathy (RION) is extremely rare at less
than 55 Gy with fraction sizes of 1.8 to 2 Gy per day. The
risk increases to 3 to 7% at doses of 55 to 60 Gy, and to
more than 7 to 20% at doses above 60 Gy.* Some series have
suggested that tolerance may be lower and toxicity latency
shorter in patients with pituitary tumors. Complications
have been reported at doses as low as 46 Gy at 1.8 Gy per
fraction, with average latencies of 10.5 and 31 months for
pituitary and nonpituitary targets, respectively.>” When
radiation is delivered as a single fraction, several series
have shown that that rate of RION is very low at doses of
less than 8 to 10 Gy, increases with doses from 10 to 12
Gy, and reaches more than 10% at 12 to 15 Gy.*® Therefore,
the current recommendations for optic chiasm and nerve
tolerance are below 55 Gy with standard fractionation and
from below 8 to 10 Gy with SRS approaches. The brainstem
tolerance is thought to be 12 Gy in a single fraction for 1
cm? or more of tissue.

¢ Proton Therapy

Protons and other positively charged heavy particles hold
an inherent advantage over photon therapy in their abil-
ity to deliver an equivalent dose to the target while mini-
mizing exit the dose. When protons interact with normal
tissues, their velocity rapidly decreases near their end of
range. As this occurs, the energy transferred increases ex-
ponentially until the particles come to rest. The region of

maximum energy transfer is called the Bragg peak. Super-
imposing beams of successively lower energies and inten-
sities creates a spread-out Bragg peak, which delivers the
intended dose to a three-dimensional target. The primary
dosimetric advantage of proton therapy is the minimiza-
tion of low and medium doses to nearby normal brain
tissue. The clinical implication in the treatment of brain
tumors is the theoretic reduction in risk for neurocognitive
deficits and second malignancy, which are believed to be
associated with even low doses of radiation. Both of these
late sequelae are particularly important in the pediatric
population. Confirmatory prospective studies are sparse,
but such studies are currently under way at Massachusetts
General Hospital. Proton therapy can be used for both ste-
reotactic radiosurgery (PSRS) and fractionated stereotactic
radiation therapy (PSRT) with noninvasive immobilization
devices in a manner analogous to photon-based therapy.
In the current era, the widespread use of proton therapy is
hampered by the expense associated with such facilities.

¢ Benign Tumors
Pituitary Adenomas

Radiation therapy plays a large role in the management of
pituitary adenomas that have been incompletely addressed
by surgical resection or have recurred biochemically or ra-
diographically, and in the management of the rare medi-
cally inoperable patient. Extrasellar residual disease after
resection and inadequate biochemical control with medi-
cations are common indications for radiation therapy. In
the current era, SRS is preferable when the tumor geom-
etry is favorable and the dose limitations to the optic appa-
ratus and brainstem can be achieved. SRS is associated with
faster biochemical normalization for secretory tumors.!2°
The technique and outcomes of stereotactic approaches
are discussed in Chapter 14. For tumors with considerable
extrasellar extension or in close proximity to the optic ap-
paratus or other OARs, fractionated EBRT should be con-
sidered the standard of care to minimize the risk for late
complications.® The success of conventional fractionated
EBRT in providing radiographic local control in nonfunc-
tioning pituitary adenomas is ~95%. However, the actuarial
rate of biochemical normalization of functioning tumors
ranges from 50 to 100%, depending on histology.'?-'2

The first step in radiation planning is the definition of the
target. The gross tumor volume (GTV) is the grossly visible
pituitary adenoma by magnetic resonance imaging (MRI)
and computed tomography (CT), which may extend outside
the sella turcica into the cavernous sinus, sphenoid sinus, or
intracranial parenchyma. The clinical target volume (CTV)
encompasses the GTV as well as the extent of subclinical
disease and typically includes the entire sella turcica and
medial walls of the left and right cavernous sinuses. To cre-
ate the planning target volume (PTV), the CTV is uniformly
expanded by an additional margin to account for setup er-
ror and physiologic motion. The size of PTV expansion may
range from O to 5 mm and depends on the reproducibility
of the immobilization device used. Although there is 3 to 5
mm of setup uncertainty when a standard thermoplastic
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mask is used, when a stereotactic mask is used, the PTV
expansion may be excluded altogether. OARs, such as the
brainstem, optic apparatus, and temporal lobes, should
also be defined. There are various dosimetric strategies
available to achieve conformality to the target. Stereotactic
radiosurgery (SRS) or stereotactic radiotherapy (SRT) tech-
niques in which multiple non-coplanar arcs or pseudoarcs
are used generally achieve the sharpest gradient between
PTV and OARs. In centers without stereotactic capabilities,
three-dimensional CRT with laterals, obliques, and/or a
vertex field has been a standard approach for many years.
Fractionated doses for pituitary adenomas range from 45 to
54 Gy, depending on tumor type.

Nonfunctioning Adenomas

Radiation therapy is indicated for patients who have non-
functioning adenomas (NFAs) that are unresectable or
subtotally resected and who are felt to be at high risk for
impending symptoms. The goal of radiation in this setting
is to halt radiographic progression and prevent the devel-
opment of symptoms. Prophylactic radiation after gross
total resection or near-total resection is not indicated be-
cause the risk for recurrence is very low.">-'¢ If safe, repeat
surgical debulking is often used as a strategy to delay ra-
diotherapy (RT) and minimize the risk for hypopituitarism
and other late sequelae.!’>'¢ Both fractionated and SRS ap-
proaches are associated with excellent rates of local con-
trol (95-100%) but should be used judiciously because of
the risk for late effects.

Conventional fractionated EBRT at doses of 45 to 50.4 Gy
in 1.8-Gy fractions has a long history of success in the treat-
ment of NFAs. A retrospective experience of two hospitals
in the United Kingdom, each with a different philosophy
in management, included 126 patients with nonfunction-
ing pituitary adenomas.'” One hospital routinely offered
postoperative RT to 45 Gy in 30 to 33 fractions to its 63
patients, whereas the other did not. The 15-year progres-
sion-free survival (PFS) significantly favored the subgroup
of patients who received RT (93 vs. 33%, P < < 0.05). Simi-
larly, a group in the Netherlands compared 76 patients
who received immediate postoperative RT ranging from 45
to 55.8 Gy at 1.8 to 2 Gy per fraction with 28 patients who
were followed with a wait-and-see policy.'® The 10-year
local control rate was 95% for the RT group versus 22% for
the wait-and-see group. Of note, there were no significant
differences between the two groups with regard to need
for hormonal supplementation or survival.

SRS can be used to successfully treat NFAs when they are
geometrically favorable (eg, <3 cm in size and >5-10 mm
from the optic chiasm). A review of 62 patients who re-
ceived gamma knife radiosurgery with a median marginal
dose of 16 Gy and follow-up of 64 months reported 3- and
7-year local control rates of 95%.'° A prospective study that
evaluated the efficacy of LINAC-based radiosurgery for
non-surgically accessible adenomas included 37 patients
with NFAs and reported 100% local control at a mean fol-
low-up of 56.6 months and a dose of 13.4 Gy.»°

If adequate sparing of normal tissue cannot be achieved
with single-fraction SRS, fractionated SRT may be used be-

cause it combines the precise immobilization of SRS with
the radiobiological benefits of standard fractionation on
normal tissue. Colin et al reported a series of 63 patients
with NFAs who were treated with fractionated SRT to 50.4
Gy at 1.8 Gy per fraction and followed for a median of 82
months; local control was 100%.2! No late complications
were reported, with the exception of pituitary deficiency
in which the probability of requiring hormonal replace-
ment was 28.5% at 4 years and 35% at 8 years.

In a limited number of centers, proton therapy is used to
deliver treatment doses to gross disease while minimizing
exit dose. In the Loma Linda experience, 24 patients with
NFAs were treated to a median of 54 cobalt gray equiva-
lents (CGE), with achievement of 100% local control at a
median follow-up of 47 months.??

Functioning Adenomas

To achieve a relatively rapid biochemical remission, func-
tioning adenomas typically require higher doses than
NFAs. A dose response favoring the delivery of 45 Gy or
more was reported in a retrospective review from Zierhut
et al that included 139 patients with pituitary adenomas
of various histologies;'? however, this is not a universal
finding.”® The recommended fractionated EBRT dose is 45
to 54 Gy in 1.8- to 2-Gy fractions for acromegaly, Cushing
disease, and prolactinoma. Because they are felt to be less
radioresponsive, thyroid-stimulating hormone (TSH)-pro-
ducing adenomas are often treated with a slightly higher
dose (eg, 54 Gy). Preferences for SRS doses for functioning
adenomas range widely, from 18 to 35 Gy in a single dose.

The latency period between treatment and biochemical
normalization can be several years, during which medi-
cal suppression is required. When feasible, SRS is favored
because of the shorter latency period required to achieve
hormonal normalization. For example, a comparison of
SRS versus standard fractionated EBRT in 29 hormonally
active adenomas reported a mean time to normalization
of 8.5 versus 18 months, respectively.’

Growth Hormone-Secreting Adenomas
RT is often used for patients with acromegaly who have
suprasellar components that are unresectable or are in-
completely controlled by surgery or medical therapy. Al-
though radiographic local control may be quickly achieved
with RT, biochemical and clinical normalization often re-
quires many years. The most commonly accepted criteria
for biochemical remission are normalization of insulin-like
growth factor 1 (IGF-1; matched for age and gender) and a
growth hormone (GH) level below 1 ng/mL after glucose
challenge. There is wide variation in the reported bio-
chemical remission rates for SRS and standard fractionated
EBRT, but this likely reflects the long follow-up required to
document maximized results, often 10 to 20 years.
Standard fractionated EBRT has been in routine use
much longer than SRS, and this allows the literature to
demonstrate the long-term follow-up required to maxi-
mize biochemical remission rates. The largest retrospec
tive experience included 884 patients at 14 centers in the
United Kingdom.?* GH levels fell to below 2.5 ng/mL in 22%
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at 2 years, 60% at 10 years, and 77% at 20 years. Sixty-three
percent achieved normal IGF-1 levels at 10 years. Similarly,
Barrande et al reported a long-term single-institution expe-
rience of 128 patients with acromegaly treated with frac-
tionated radiation.?> At a median follow-up of 11.5 years,
basal levels of GH below 2.5 ng/mL were achieved in 7% at 2
years, 53% at 10 years, and 66% at 15 years. At last follow-up,
79% had achieved IGF-1 normalization. A smaller Dutch ex-
perience of 36 patients that used a median of 40 Gy report-
ed IGF-1 normalization rates of 60%, 74%, and 84% at 5, 10,
and 15 years, respectively, of follow-up.?¢ Radiographic local
control is immediate and almost universally achieved.?”2

Biochemical remission rates in large series of SRS range
from 40 to 96%, but this wide variation likely reflects dif-
ferences in defining biochemical remission and insufficient
follow-up. A large systematic review of pituitary adenomas
treated with SRS included 420 patients with acromegaly in
25 retrospective studies.! The mean marginal doses ranged
from 15 to 34 Gy. Remission rates ranged from 0 to 100%,
but the criteria were variable and often poorly defined. The
use of somatostatin analogues during and after SRS often
went unaccounted. The largest single series, published by
Castinetti et al, included 82 patients treated with gamma
knife to a marginal dose of 12 to 40 Gy.>® At a mean follow-
up of 50 months, 17% achieved a biochemical remission,
defined as a GH level below 2 ng/mL and normalized IGF-1
after discontinuation of somatostatin agonists for at least
3 months. An additional 23% regained control of GH secre-
tion with medical therapy. A study by Zhang et al included
68 patients with acromegaly treated with gamma knife to
a mean marginal dose of 31 Gy.*° Biochemical remission
(generously defined as GH <12 ng/mL) was achieved in 40%
at 12 months but reached 96% at 24 months. Kobayashi
et al reviewed 67 patients treated with gamma knife to a
mean marginal dose of 18.9 Gy.>' At a mean follow-up of
63 months, GH levels significantly decreased (<5 ng/mL) in
41%. Serum IGF-1 levels also significantly decreased (<400
ng/mL) in 41% of cases.

Proton therapy is currently available in a selected few
institutions for the treatment of acromegaly. The Massa-
chusetts General Hospital experience included 22 patients
treated with PSRS for refractory disease after transsphe-
noidal resection.?? After delivery of a median dose of 20
CGE and 6.3 years of follow-up, 59% achieved biochemical
complete response (CR), defined as sustained IGF-1 nor-
malization without medical therapy. In these patients, the
median time to CR was 3.5 years, suggesting a more rapid
response with SRS compared with standard fractionated
EBRT. The Loma Linda experience reported by Ronson et al
included 11 patients with GH-secreting adenomas treated
with fractionated proton therapy to a median dose of 54
CGE and documented biochemical normalization or im-
provement in 45% and 36%, respectively, at a median fol-
low-up of 3.9 years.??

Predictors of biochemical response are poorly defined,
but there is a suggestion that lower baseline IGF-1 and
GH levels are associated with higher rates of normaliza-
tion.?°3334 In SRS, there is some concern that the use of oc-
treotide at the time of radiosurgery is associated with a
longer latency period to biochemical response,* although
this is not a universal finding.?®

ACTH-Secreting Adenomas
In Cushing disease, RT is commonly used for patients with
radiographic residual or recurrent disease after transs-
phenoidal surgery or in patients with no radiographic evi-
dence of disease but with excessive hormone production.
Biochemical remission is typically defined as normaliza-
tion of urinary free cortisol (UFC) and serum adrenocor-
ticotropic hormone (ACTH), but these criteria vary widely
in the literature. Both standard fractionated EBRT and SRS
appear to achieve biochemical remission rates of 50 to 80%.

Estrada et al included 30 patients with Cushing disease
treated with 48 to 54 Gy and reported actuarial remission
rates of 44% at 1 year and 83% at 3 years.!® In 40 patients
with Cushing disease treated with 45 to 100 Gy, Hughes et
al reported an actuarial 10-year PFS rate of 59%.3

In the SRS literature, remission rates are 35 to 63% with
shorter-term follow-up when compared with the standard
fractionated EBRT literature. For example, Sheehan et al
treated 43 patients who had refractory Cushing disease
with gamma knife to a mean marginal dose of 20 Gy and
achieved 63% biochemical normalization at a median fol-
low-up of 44 months.?” Although there have been no pro-
spective comparisons, LINACG-based SRS and gamma knife
SRS are believed to offer comparable results.’38

Proton therapy seems to achieve remission rates similar
to those of photon-based therapy while sparing normal tis-
sue of exit dose. The Massachusetts General Hospital PSRS
experience of 33 patients with ACTH-producing adenomas
reported a 52% complete radiographic and biochemical re-
sponse in patients off medical therapy after a median dose
of 20 CGE at a median follow-up of 62 months.>® In more
than 50% of these patients, no tumor was present on MR at
the time of the treatment. Older data from the Lawrence
Berkeley Laboratory on the use of helium ions, another
heavy charged particle, to treat 83 patients with Cushing
disease with 30 to 150 Gy in three to four fractions dem-
onstrated an 85% biochemical cure rate.*°

Prolactinomas

RT for prolactin-secreting adenomas is very uncommon
because the combination of medical therapy (eg, dopamine
agonists) and surgery achieves biochemical remission and
radiographic stability in the vast majority of cases.

In the event that either fractionated EBRT or SRS is re-
quired, their success without concurrent pharmacothera-
py seems to be poorer than in other functional adenoma
subtypes. Biochemical remission, often defined as normal
serum prolactin of less than 20 to 25 ng/mL depending on
sex, occurs in only 15 to 30% of cases with radiation alone
and often requires a latency period of many years. For ex-
ample, Littley et al reviewed the success of standard frac-
tionated EBRT (20-42.5 Gy in eight to 15 fractions) in 58
patients and reported 71% prolactin normalization while
they were on a dopamine agonist.* When medication was
discontinued, only 21% remained normoprolactinemic.

In their comprehensive systematic review of SRS in pitu-
itary adenomas, Sheehan et al included 393 prolactinomas
across 22 series.! The single-fraction dose ranged from
13.3 to 33 Gy. Remission rates varied from 0 to 84%, but
the majority of studies reported 15 to 30% endocrine cure
rates in those that clearly defined their end points. All but
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one SRS series included 21 or fewer patients. The largest
series included 128 patients treated with gamma knife to a
marginal dose of 9 to 35 Gy and a median follow-up of 2.8
years.*? Although radiographic control occurred in 98% of
cases, only 13% of evaluable patients at 2 years had durable
biochemical normalization off bromocriptine.

As in other functional adenomas, retrospective data
in prolactinomas suggest a poorer response to radiation
when patients are concurrently using pharmacotherapy. In
a small gamma knife series of 20 patients, all five patients
who achieved a complete biochemical remission were not
on a concurrent dopamine agonist. Conversely, none of the
nine patients using pharmacotherapy achieved a complete
remission.*?

These data should be interpreted with caution, given the
low patient numbers in each of the retrospective studies.
Nonetheless, the current literature suggests that although
RT alone is sufficient to maintain radiographic stability, it
rarely achieves biochemical normalization for prolactino-
mas. Radiation may be thought of as an adjunctive therapy
to be used in combination with dopamine agonists and/or
surgical resection.

Thyroid-Stimulating Hormone-Secreting Adenomas
TSH-secreting adenomas account for fewer than 1% of all
functioning pituitary adenomas but are considered more
resistant to all types of therapy. Transsphenoidal resection
remains the most appropriate initial strategy but results in
cure in only one-third of patients. Therefore, most patients
will require pharmacotherapy, such as octreotide or bro-
mocriptine, before and/or after surgery to maximize bio-
chemical normalization. The data on RT for TSH-secreting
adenomas are sparse. Because of their aggressive natural
history, some would advocate radiation therapy to higher
dose (54 Gy) in all cases of TSH-secreting adenomas.

Craniopharyngiomas

Craniopharyngiomas are benign cystic epithelial tumors
that arise from the pars intermedia (remnant of the Rathke
pouch) located between the anterior and posterior com-
ponents of the pituitary gland. The bimodal distribution
peaks at 5 to 14 and at 50 to 75 years of age. The major-
ity are retrochiasmatic and may present with symptoms
of increased intracranial pressure from compression of the
third ventricle. Those that are prechiasmatic may lead to
homonymous hemianopsia from compression of the optic
chiasm.

Maximal safe resection is the first step in the manage-
ment of craniopharyngiomas to confirm the diagnosis,
rapidly relieve symptoms related to mass effect, and de-
bulk tumor and cystic components to assist in radiation
planning. Radiation alone should not be expected to re-
duce tumor/cyst size and symptoms. Historically, aggres-
sive surgery was the preferred treatment strategy because
when a gross total resection can be achieved, the 5-year
PFS rate is 80 to 90%. However, aggressive surgery carries
significant risk for cognitive decline, hypothalamic injury,
optic nerve damage, diabetes insipidus, and other endo-
crinopathies. In the current era, most multidisciplinary

teams favor maximal safe resection with postoperative RT
(if residual disease remains), which offers similar PFS rates
in comparison with gross total resection. Limited surgeries
may include partial resections or cyst aspiration for relief
of symptoms. Cognitive comparisons of patients undergo-
ing either of the two approaches (extensive surgery vs.
limited surgery + RT) performed at St. Jude Children’s Re-
search Hospital suggest that extensive surgery is associat-
ed with greater decline in full-scale IQ (9.8- vs. 1.25-point
drop, P < 0.063) and quality of life.*

After subtotal resection alone, the 5-year PFS is less
than 50%.%46 However, the addition of postoperative ra-
diation improves 5-year PFS to 80 to 90%.4474% The Royal
Marsden Hospital experience included 173 patients with
craniopharyngioma treated between 1950 and 1986 with
fractionated EBRT alone or with surgery. In this series, four
underwent gross total resection. Median follow-up was 12
years. The 10- and 20-year PFS rates were 83% and 79%, re-
spectively.?” Overall survival (OS) rates were 77% and 66%,
respectively.

The standard radiation dose for craniopharyngiomas is
50.4 to 54 Gy in 1.8-Gy fractions delivered to the tumor
and cystic volumes after decompression. A margin of 1 to
2 cm may be added to include areas at high risk for micro-
scopic extension. Three-dimensional CRT or IMRT should
be used to minimize dose to adjacent normal tissues, in-
cluding the optic chiasm, optic nerves, and brainstem.

SRS after limited surgery is another promising first-line
or salvage option for those with favorable geometry. The
University of Pittsburgh experience of 46 patients treated
with gamma knife to a median marginal dose of 13 Gy
(range, 9-20 Gy) demonstrated a 5-year PFS rate of 92% for
the solid tumor component and 68% when the cystic com-
ponents were included. Mean follow-up was 5.2 years.*

Acute clinical deterioration during or shortly after RT
is uncommon, but it has been a well-documented phe-
nomenon that is usually caused by rapid cyst reaccumu-
lation. The Royal Marsden Hospital cohort included 26
patients (14%) whose condition acutely deteriorated 2
months before, during, or after RT. Cystic enlargement
with or without hydrocephalus was the most common
cause (62%); in an additional 23% of the cases, the cause
was hydrocephalus without clear cystic enlargement.>®
All patients who received surgical intervention (eg, as-
piration, resection, or shunt) survived the immediate
period, whereas six of the seven without surgical inter-
vention died. Therefore, early recognition and surgical
intervention are paramount for the patient’s success,
leading some to advocate scheduled brain imaging at
regular intervals during RT.

In summary, maximal safe resection is the initial step in
the management of craniopharyngiomas for the establish-
ment of a diagnosis, relief of compressive symptoms, and
improvement of postoperative radiation dosimetry. When
gross total resection can be safely achieved for small le-
sions, no postoperative RT is required. In larger tumors,
limited surgery followed by standard fractionated EBRT is
recommended to minimize late toxicities while preserving
high rates of local control. SRS should be reserved for small
or recurrent tumors at an adequate distance from the optic
apparatus. Refractory cyst reaccumulation is often man-
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aged by intermittent aspiration or intralesional sclerosis
with bleomycin or various  emitters. In very young chil-
dren, attempts are often made to use limited surgeries and
intralesional therapies as temporizing measures to delay
RT and its neurocognitive late effects.

Meningiomas

Meningiomas arise from arachnoid cap cells between the
dura and pia mater. When managed in a multidisciplinary
setting, benign (World Health Organization [WHO] grade
1) meningiomas have a 90 to 95% local control rate and
rarely limit life expectancy. As such, the management of
benign meningiomas is a delicate balance between achiev-
ing long-term cure and minimizing treatment-associated
toxicity. Special considerations are made for parasellar
meningiomas, including those of the cavernous sinus, me-
dial sphenoid wing, tuberculum sellae, and intracanalicu-
lar optic nerve sheath because of their intimate association
with the optic apparatus. Because surgical biopsy carries
high risk, RT is considered the primary therapy in these
locations. Such lesions are typically diagnosed on radio-
graphic appearance alone without tissue confirmation.

In general, RT is effective for benign meningiomas after
subtotal resection. The University of California at San Fran-
cisco experience included 140 patients treated after subto-
tal resection with a median dose of 54 Gy.*! This included
117 benign and 23 malignant tumors. With a median fol-
low-up of 40 months, the 5-year PFS rate was 89% for all
patients and 98% for those treated after the introduction
of CT- or MRI-assisted treatment planning. Several other
retrospective series of subtotally resected meningiomas
have also reported 5-year PFS rates of 84 to 92%.52->* By
comparison, SRT alone historically yields a 5-year PFS rate
of 50 to 60%. SRS is another common treatment choice for
small meningiomas that are located at a sufficient distance
from the optic chiasm and nerves. Pollock et al retrospec-
tively compared outcomes of benign meningiomas smaller
than 3.5 cm treated with either surgical resection (n = 136)
or SRS (n = 62) with a mean marginal dose of 17.7 Gy.>> At
mean follow-up of 5.3 years, there was no significant dif-
ference in 3- and 7-year PFS rates between SRS and Simp-
son grade 1 resections. When compared with less complete
resections, SRS was associated with improved PFS. Proton
therapy is used in a selected few institutions to deliver pre-
scription doses to skull-based meningiomas while mini-
mizing low- and medium-dose scatter to uninvolved brain
tissue. Similar to the results in photon series, local control
generally ranges from 90 to 100%, although most series
have a short-term follow-up of 3 years or less.>6->8

Higher-grade meningiomas have a much higher risk for
recurrence after RT. Milosevic et al reported the Princess
Margaret Hospital experience, which included 17 patients
with atypical histology and 42 with malignant meningio-
mas based on brain invasion or histopathology.>® A median
dose of 50 Gy was administered to patients who previously
had undergone gross total resection (29%), SRT (59%), or
other (12%). Progression occurred in 66% after RT, of whom
92% died of meningioma. The 5-year cause-specific sur-
vival was only 34%.

The standard fractionated dose for benign meningio-
mas is 50.4 to 54 Gy in 1.8-Gy fractions. Retrospective data
suggest better 5-year PFS rates with doses above 50 to 52
Gy.>'* Grades 2 and 3 meningiomas are often treated to
59.4 Gy. The radiation target conventionally includes (1)
the dural tails and (2) a margin for microscopic extension
along dural surfaces of 1 to 2 cm depending on aggressive-
ness of disease. For SRS, the recommended dose is 12 to 15
Gy for WHO grade 1 and more than 17 Gy when feasible for
WHO grades 2 and 3 meningiomas. Radiation treatment
planning is challenging for meningiomas of the parasel-
lar region because the adjacent critical tissues (eg, optic
chiasm and nerves) carry tolerances at or below the rec-
ommended radiation dose (see preceding section, “Dose
Limitations of the Optic Chiasm and Nerves”). Therefore,
optic nerve sheath meningiomas are not treated with SRS
because a therapeutic dose (12 Gy x 1) would exceed optic
chiasm and nerve tolerance (8-10 Gy). With fractionated
EBRT, most radiation oncologists would advocate using 45
to 50.4 Gy for optic nerve sheath meningiomas to minimize
the risk for radiation-induced optic neuropathy. Results
with fractionated conformal radiation are quite impressive
for tumor control and visual restoration.5°

Meningiomas of the Cavernous Sinus and Medial
Sphenoid Wing

Cavernous sinus meningiomas are rarely completely re-
sectable and difficult to biopsy. Diagnosis relies heavily on
radiographic findings. Because radiation alone offers ex-
cellent long-term local control of 93 to 100%,%'-%> attempts
at resection should be avoided unless for palliative decom-
pression in symptomatic patients.

A large experience from the University of Heidelberg
included 57 patients treated with standard fractionated
SRT as primary treatment (51%), following surgery (18%),
or at the time of recurrence (32%); the median dose was
57.6 Gy.5> With a median follow-up of 6.5 years, local con-
trol was 100% and 10-year survival was 95.5%. Selch et al
reported a more modern series of 45 patients treated be-
tween 1997 and 2002 with CT- or MRI-assisted conformal
RT to a median dose of 50.4 Gy.** RT was used as defini-
tive, adjuvant, or salvage therapy. The overall 3-year PFS
was 97.4%.

SRS is an option for cavernous sinus meningiomas that
are considered geometrically favorable. Radiosurgery can
also reverse cranial neuropathies more rapidly than frac
tionated schedules. SRS is associated with a 5-year PFS
of 90 to 95%%6-7! and symptomatic improvement in 25 to
50%.55676971 Lee et al reviewed 159 patients with cavernous
sinus meningiomas treated with gamma knife SRS with or
without prior subtotal resection.’” The median marginal
dose was 13 Gy. The 5- and 10-year local control rates were
both 93%. Neurologic status improved in 29%. Another gam-
ma knife series included 115 patients treated with a mean
marginal dose of 13 Gy and reported 5- and 10-year local
control rates of 94 and 92%, respectively.5® Forty-three pa-
tients (46%) experienced neurologic improvement. A simi-
lar LINAC-based SRS series by Spiegelmann et al reviewed
42 patients treated to a mean marginal dose of 14 Gy. At
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a median follow-up of 3 years, the local control rate was
97.5%. Decreases in pretreatment neuropathies were noted
in 29% of cranial nerve (CN)V, 22% of CN VI, and 13% of CN
IV deficits. SRS for cavernous sinus meningiomas is associ-
ated with a low combined risk for complications ranging
from 1 to 7%.57-7 Of these, the most common risks include
trigeminal neuropathy/neuralgia, diplopia, visual field def-
icits, and other manifestations of optic neuropathy.

Meningiomas of the Tuberculum Sellae or Optic
Nerve Sheath

Other parasellar or suprasellar meningiomas, such as those
arising from the tuberculum sellae or intracanalicular op-
tic nerve sheath, are very rare. The tuberculum sellae is an
osseous protuberance at the anterosuperior margin of the
sella turcica that is covered by a layer of dura stretching as
a roof over the sella toward the posterior clinoid. Anterior
to this, optic nerve sheath meningiomas arise in the dural
covering of the optic nerve and comprise only 1 to 2% of all
intracranial meningiomas. Of these, the vast majority are
intraorbital (92%), whereas 8% arise intracanalicularly.”?

The published literature for these rare entities is scant.
Available data suggest that maximal safe resection is pos-
sible in experienced hands and may be considered for
symptomatic patients (ie, visual deficits) in need of imme-
diate decompression. However, because of the likelihood
of gross or microscopic residual disease, local recurrence
is common. Chicani and Miller reported visual outcomes
in 18 patients with suprasellar meningiomas treated at
the Johns Hopkins Hospital.”? Although there were mixed
long-term results with respect to visual outcome, 39% de-
veloped radiographic recurrence at a mean time of 10.7
years. Over half of the recurrences occurred after gross
total resection. Similarly, for optic nerve sheath meningio-
mas, a summary of the literature by Dutton reported an
overall recurrence rate of 25% after surgery.”> The opera-
tive complication rate was ~30%.

Fractionated radiation alone appears to provide excellent
local control and preserve or improve vision in most cases.
Turbin et al retrospectively reviewed 64 patients with pri-
mary optic nerve sheath meningiomas who were treated
with surgery alone, surgery and RT, or RT alone to 40 to 55
Gy.”* Mean follow-up was 12.5 years. There were no sig-
nificant differences in visual acuity at baseline among the
groups. After therapy, visual acuity significantly worsened
in the surgery and surgery + RT groups but was unchanged
in the RT-alone group. Complication rates were 62 to 68%
in the surgical groups, but only 33% in the RT-alone group.
Andrews et al reviewed 33 optic nerve sheath meningio-
mas treated with fractionated SRT to a median dose of
51 Gy with a median follow-up of 7.4 years.” Of 22 optic
nerves with pretreatment function, vision was improved
in 42% and at least preserved in 92%. Importantly, there
were no local recurrences.

In contrast to SRS for cavernous sinus meningiomas, SRS
for meningiomas of the tuberculum sellae or optic nerve
sheath is not favored because the dose required for ade-
quate local control (12-13 Gy) exceeds the optic chiasm
and nerve tolerances (8-10 Gy). Therefore, high-precision

fractionated SRT to 50.4 to 54 Gy should be considered the
standard first-line therapy, given its favorable safety pro-
file and success in local control.

Taken together, among patients with suprasellar lesions,
very conservative resection may be considered for those
who might gain visual benefit from immediate decompres-
sion. For those with optic nerve sheath meningiomas, any
attempt at resection or even biopsy is associated with an
enormous risk for immediate blindness of the affected eye.
Postoperatively, there should be a low threshold for RT be-
cause of the likelihood of residual disease. For all others
(including those who are asymptomatic or have preexist-
ing severe/complete visual loss), high-precision fraction-
ated SRT is emerging as the treatment of choice because
of its favorable toxicity profile and excellent local control.

¢ Malignant Tumors
Optic Pathway Gliomas

Historically, optic pathway gliomas (OPGs) have been con-
sidered a unique entity from other gliomas because of
their poor surgical accessibility, predilection for patients
of a young age, and association with neurofibromatosis
type 1 (NF1).” OPGs may occur in either the optic chiasm
or nerves but often extend in an infiltrative pattern to the
hypothalamus. Histology is typically a low-grade astro-
cytic tumor. They occur primarily in children, with 90% of
cases occurring in patients younger than 20 years of age,
and account for 5% of all pediatric central nervous system
(CNS) tumors.”” There is an association with the NF1 gene;
between 25 and 40% of childhood optic pathway tumors
occur in children with NF1.”® The presenting symptom is
most commonly visual loss, although children younger
than 3 years of age are commonly brought to medical at-
tention with proptosis, strabismus, nystagmus, or loss of
developmental milestones.”

The overall management of OPGs draws from the princi-
ples used for other low-grade gliomas. Maximal safe resec-
tion should be considered initially to establish a diagnosis
and provide immediate symptomatic relief if needed. Im-
mediate postoperative radiation is often offered for those
with symptomatic gross residual disease or at high risk for
rapid progression. The timing of radiation should be de-
termined on a patient-specific basis. A randomized trial
of radiation given immediately after surgery versus at the
time of progression found no difference in OS. However,
immediate postoperative RT improved time to progression
(4.8 years for adjuvant RT vs. 3.4 years for salvage RT).”® Ra-
diation doses typically range from 50.4 to 54 Gy in 1.8 Gy
per fraction.” In adults with low-grade gliomas, random-
ized trials of 45 versus 59.4 Gy and of 50.4 versus 64.8 Gy
have failed to demonstrate an improvement in 5-year OS
with dose escalation.808!

Age at diagnosis plays a crucial role in initial treatment
decisions because RT in very young children is associated
with neurocognitive late effects. Chemotherapy or close
observation is often used to delay the need for RT to al-
low further brain maturation and obviate the side effects
of treatment.®?> The standard first-line chemotherapy is
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the “Packer regimen” consisting of carboplatin and vin-
cristine (CV).%384 Median delays in progression of 2.5 to 3
years can be achieved with chemotherapy, with 5-year PFS
and OS rates of 56% and 90%, respectively.’>% A completed
but unpublished phase III Children’s Oncology Group trial
(COG A9952) randomized patients between CV and TPCV
(thioguanine, procarbazine, CCNU, and vincristine) in chil-
dren younger than 10 years old with progressive or incom-
pletely resected low-grade gliomas. Preliminary analysis
suggests an overall response rate of ~60% with a 5-year
event-free survival (EFS) of 35% for CV versus 48% for TPCV
(P = 0.11).838788 Although the success of chemotherapy at
delaying radiation is encouraging, it must be recognized
that the majority of patients will have progression within
5 years and require radiation by that time. OPGs are his-
torically associated with a higher risk for progression yet
retain a very favorable OS rate.®*-°! This finding is likely
related to the young patient demographics and the use
of chemotherapy to delay RT, rather than intrinsic tumor
behavior.

The association between NF1 and OPGs is well estab-
lished.”? OPG arising in the setting of NF1 is believed to
have a more favorable natural history, and cases of sponta-
neous regression have been documented.**-*> Study A9952
has preliminarily reported a 5-year OS of 98% in patients
with NF, which compares favorably with 86% in the non-
NF1 population (P = 0.0017).8” However, radiation-related
complications appear to be more common in the setting
of NF1. In a series evaluating 58 patients with NF1 treated
for optic gliomas, second primary tumors occurred in 9
of 18 (50%) following RT and in 8 of 40 (20%) without RT
at a median of 12 years.”® Moyamoya syndrome is charac-
terized by the appearance of abnormal collateral vascular
networks adjacent to spontaneously occluded vessels of
the circle of Willis. Patients with NF1 are more likely to
develop moyamoya syndrome, and at a lower radiation
dose threshold.”¢ These observations have led to a more
conservative approach to the management of OPGs in NF1.
Patients with asymptomatic OPGs are not treated—they
are simply observed. Symptomatic patients receive che-
motherapy as first-line therapy, with radiation reserved
for truly refractory cases.

In the current era, advanced technologies have improved
the ability to spare normal tissue, which is of particular
importance in the pediatric population. These include
three-dimensional treatment planning, stereotactic im-
mobilization to reduce the margin required for setup
uncertainty, and proton therapy to minimize exit dose.
A prospective trial evaluating the use of SRT with only a
2-mm margin for low-grade gliomas achieved 8-year PFS
of 65% and OS of 82%, with no marginal failures.*®

Long-term outcomes after RT are very favorable in chil-
dren with OPGs, with 10-year survival rates of 80 to 90%
(Table 13.1). Because of the risks associated with RT, it may
be reserved until the time of symptomatic or radiographic
progression, and this timing is heavily based on the pa-
tient’s age. Chemotherapy is often used as a strategy to de-
lay RT and its potential neurocognitive effects. The primary
role of surgery is for palliation of compressive symptoms
and should be considered only on a patient-specific basis.

Germ Cell Tumors

Germ cell tumors are classified by the WHO system as pure
germinomas (60% of intracranial germ cell neoplasms) and
nongerminomatous germ cell tumors (NGGCTs, 40%). NG-
GCTs include teratomas, embryonal carcinomas, endoder-
mal sinus tumors, choriocarcinomas, and mixed germ cell
tumors.'® The primary lesion is located between the su-
prasellar cistern and pineal gland in 95% of patients with
intracranial germ cell tumors, with the majority of germi-
nomas found in the suprasellar region and of nongermi-
nomatous tumors in the pineal area.'® Multiple midline
germinomas are those that present with simultaneous in-
volvement along the third ventricle, pineal, and suprasellar
regions.!°"1°2 At presentation, a triad of diabetes insipidus,
visual field abnormalities, and anterior hypopituitarism
may be observed. Other common symptoms are related to
increased intracranial pressure, including headache, nau-
sea, vomiting, and lethargy.!®

The differentiation between pure germinomas and NG-
GCTs is critical because this dramatically impacts progno-
sis and treatment decisions (Table 13.2). Complete staging

Table 13.1 Series of Optic Pathway Gliomas Treated with Radiotherapy

Reference Authors Year N Dose (median) End point Outcome Follow-up (median)
151 Flickinger et al 1988 25 47 Gy (mean) 5-y OS, PFS 96%, 87% 10.2y
10-y OS, PFS 90%, 87%
15-y OS, PFS 90%, 87%
152 Kovalic et al 1990 33 50.4 Gy 5-y0S 94% 123y
10-y OS 81%
15-y OS 74%
153 Jenkin et al 1993 38 50 Gy 10-y OS, RFS 79%, 73% 115y
154 Tao et al 1997 29 54 Gy 10-y OS, FFP 89%, 100% 9y

Abbreviations: FFP, freedom from progression; OS, overall survival; PFS, progression-free survival; RFS, relapse-free survival.
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Table 13.2  Series of Germinomas Treated with Radiotherapy with or without Chemotherapy

Reference Authors Year N Dose (median) End point Outcome Median/mean follow-up
Radiotherapy alone
155 Haddock et al 1997 32 48.5 Gy (local), 5-y PFS 70% 55y
30 Gy (CSI or WBRT)
5-y 0S 91%
109 Hardenbergh et al 1997 40 52 Gy (local), 5-y PFS 97% 5.2y
30 Gy (CSI)
5-y OS 100%
107 Bamberg et al 1999 11 50 Gy (local), 5-y PFS 100% 5y
36 Gy (CSI)
5y 0S 100%
49 45 Gy (local), 5-y PFS 89%
30 Gy (CSI)
5-y OS 92%
156 Cho et al 2009 81 34.2-19.5Gy (CSI)  10-y RFS 100% 10y
59-39.3 Gy (local) 10y RFS 69%
Chemotherapy before radiotherapy
114 Kretschmar et al 2007 12 GTV +2cmto 5-y PFS 95% 55y
30.6 Gy if CR,
50.4 Gy if residual
5-y OS 100%

Abbreviations: CR, complete remission; CSl, craniospinal irradiation; GTV, gross tumor volume; OS, overall survival; PFS, progression-free survival; RFS, relapse-free

survival; WBRT, whole-brain radiation therapy.

should include MRI of the brain and total spine with con-
trast, measurement of tumor markers including serum and
cerebrospinal fluid (CSF) B-human chorionic gonadotropin
(B-HCG) and o-fetoprotein (AFP), and CSF cytology. Pure
germinomas often present with markers within normal
limits; however, some may have B-HCG levels above 100
IU/L. Definitive diagnosis by surgical biopsy is recom-
mended in most cases. However, if surgery is considered
high-risk, then any patient with elevated AFP should be
assumed to have NGGCT as opposed to pure germinoma.
RT has long been the standard treatment for pure germi-
nomas and is an important component of multimodality
therapy for NGGCTs.’”®1% Pure germinomas are extremely
radioresponsive. When RT alone is used for localized dis-
ease, 10-year OS exceeds 90%. However, late effects of RT
can impact the neuropsychological function and quality of
life of these patients.'® The historical treatment for pure
germinomas has been craniospinal irradiation (CSI) to 36
Gy followed by a boost to the primary tumor to 50 to 54 Gy.
However, the focus of treatment in recent years has shifted
to decreasing the RT dose and volume while preserving
curability. Debate continues over the most appropriate ra-
diation volume. Choices include the local tumor only with
amargin, tumor and third ventricle, whole ventricle, whole
brain (WBRT), and full CSI. In a large meta-analysis of 754
patients, Rogers et al found that recurrence rates increased
with smaller RT volumes: 4% following CSI, 8% following
WBRT or whole-ventricle RT plus boost, and 23% follow-
ing focal treatment alone.'% Importantly, the frequency of

spinal relapse did not significantly differ between the CSI
group and the whole-brain/whole-ventricle group (1.2%
vs. 2.9%, respectively) but was significantly higher in the
focal radiation group (11.3%). MAKEI 83/86/89 was a pro-
spective dose reduction study of intracranial germinoma.
In this study, CSI to 30 Gy with a 15-Gy boost was com-
pared with CSI to 36 Gy with a 14-Gy boost (all in 1.5-Gy
fractions). There were no statistically significant differenc-
es in outcomes.'”” Complete remission was achieved in all
60 patients, with a 5-year relapse-free survival of 91% at a
mean follow-up of 59.5 months. Currently, most advocate
for treatment with whole-ventricle radiation doses of 21
to 24 Gy, with an additional boost to the primary tumor
to 40 to 45 Gy. For patients with evidence of CSF dissemi-
nation at diagnosis, standard treatment remains CSI fol-
lowed by a boost to the primary tumor and macroscopic
metastases.!06:108.109

Germinomas are highly responsive to chemotherapy, and
this has led to combined-modality therapy trials attempt-
ing to further reduce the role of RT in low-risk subgroups.
ACNS 0232 was a phase III trial that randomized children
to RT alone versus chemotherapy followed by response-
based RT. Patients with localized disease randomized
to radiation alone received 21 Gy to the whole ventricle
followed by a boost of 24 Gy to the primary site. Patients
randomized to chemotherapy plus radiation received two
to four cycles of chemotherapy (carboplatin, etoposide,
cisplatin, and cyclophosphamide). If a complete response
was achieved after two or four cycles, patients received 30
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Gy to the involved field only. Unfortunately, the trial ac-
crued poorly and closed early. Further studies are needed
to determine whether the inclusion of chemotherapy will
reduce the need for RT.

NGGCTs are much rarer than germinomas, and there-
fore their management is guided by far fewer available
data. Outcomes of NGGCTs are worse than those for ger-
minomas, and optimal radiation dose and volume remain
controversial. The current standard of care requires mul-
timodality therapy consisting of platinum-based chemo-
therapy, CSI, and consideration of second-look surgery for
resection of gross residual disease. Series evaluating the
use of RT alone (CSI plus boost) in children with NGGCTs
reported poor rates of OS of 20 to 40%.'°10111 The use of
neoadjuvant chemotherapy before RT has led to significant
improvements, with survival rates of 60 to 70%."'>!3 In
POG 9530, 14 patients who had NGGCTs or who had ger-
minomas with elevated AFP or B-HCG received four cycles
of cisplatin and etoposide alternating with vincristine and
cyclophosphamide.!# Five patients had a CR and received
CSI to 30.6 Gy with boost to 50.4 Gy for local disease; nine
patients had less than a CR and received CSI to 36 Gy with
boost to 54 Gy. Probability of EFS was 79% at 58-month
median follow-up. In the recently completed but unreport-
ed ACNS 0122, patients received carboplatin, VP-16, and
ifosfamide followed by 36 Gy of CSI and an involved-field
boost for a total dose of 54 Gy to the tumor bed. Second-
look surgery was performed in those patients who did
not achieve CR or partial response (PR) after neoadjuvant
chemotherapy, and autologous peripheral blood stem cell
transplantation was performed for persistently positive
markers or evidence of residual malignant elements.

Mature teratomas are a distinct entity from other NG-
GCTs because they are theoretically benign and have a
favorable prognosis. Most can be cured by complete resec-
tion.’” When this cannot be achieved, treatment with ad-
juvant radiation to a dose of 50 Gy has shown survival of
up to 93% at 10 years.''>

RT plays an important role in the management of both
pure germinomas and NGGCTs. Emerging technology in
radiation oncology may be able to further spare normal
brain tissue by using IMRT or proton radiotherapy while
preserving oncologic outcomes.!'¢

Chordomas and Chondrosarcomas

Chordomas and chondrosarcomas arising near the skull
base are managed fairly similarly, although they originate
from different cell types and have different prognoses.
Chordomas are rare, slow-growing, locally aggressive tu-
mors, thought to originate from notochord remnants with-
in the axial skeleton. Approximately 35% arise within the
skull base, 50% in the sacrococcygeal region, and 15% in the
vertebral column."” Their metastatic potential is low, with
reports ranging from ~5 to 20%. Failures are predominantly
local in series with long-term follow-up.''®!"® Chondrosar-
comas are malignant tumors of cartilage-forming cells and
can arise in any bone preformed by cartilage. They most
commonly arise in the humerus, femur, or bones of the
pelvis but can originate in the skull base and represent ~5%

of skull base tumors.'?° Skull-based chondrosarcomas are
typically low-grade and progress slowly with relatively as-
ymptomatic growth. This often leads to extensive locore-
gional infiltration by the time of diagnosis.

For both chordomas and chondrosarcomas, radical resec-
tion by an experienced surgeon is the single most impor-
tant aspect of treatment because local progression rather
than distant metastasis is the main contributor to morbid-
ity and mortality. Gross total resection can be difficult to
achieve because of the anatomic constraints to surgical ac-
cess, as well as the proximity of adjacent critical normal
tissues. The volume of residual disease is a strong predictor
of local control. In a series by Berson et al, patients with
low-volume disease (<20 cm?®) had a significantly higher
local control rate after radiation than patients with larger-
volume disease (80% vs. 33% at 5 years)."?! Similar findings
were reported by Hug et al.'?? In patients with residual dis-
ease, postoperative radiation therapy is a vital component
of care. In an early series of 155 patients with chordoma,
there was a 1.5-year mean survival for patients who un-
derwent surgery alone, compared with 5.2 years for those
who underwent surgery followed by RT.'*® Even with the
addition of adjuvant RT, the pattern of failure is predomi-
nantly local.#

Similar to surgery, RT should be consolidated at expe-
rienced centers because of the apparent benefit of high
doses. Radiation targets are defined as (1) areas of gross
disease on imaging, (2) areas occupied by tumor preop-
eratively, and (3) anatomic compartments at risk for har-
boring microscopic disease. The total dose appears to the
most important determinant of local control after radia-
tion therapy. Rates of local recurrence after doses below
60 Gy have been as high as 70 to 100%, with most patients
dying of locally progressive disease.'*12>126 I[n a more mod-
ern series, the use of advanced imaging and planning with
doses of 50 to 64 Gy yielded 5-year PFS of only 23% and OS
of 35%.'27 However, dose escalation is often limited by the
proximity of critical normal tissues, such as the brainstem
and cranial nerves. Hug et al reported decreased rates of
5-year local control for tumors with brainstem abutment
compared with those located further away (53 vs. 94%,
respectively).’”? When purposeful dose compromises are
made at the tumor-critical structure interface, these “cold
spots” within the tumor appear to be associated with the
probability of recurrence.'?® Also, for unclear reasons, fe-
male patients have higher local failure rates than their
male counterparts. At the present time, there are no re-
ported prospective randomized trials evaluating the value
of dose escalation in these tumors. A randomized trial
(NCT00592748) stratifying patients into low- versus high-
risk groups, with doses of 69.6 Gy (relative biological effec-
tiveness [RBE]) or 75.6 Gy (RBE) in the low-risk group and
with doses of 75.6 Gy (RBE) or 82.9 Gy (RBE) in the high
risk group, is closed to accrual and not currently reported.

The use of charged particles, such as proton, helium, or
carbon ion therapy, is strongly encouraged because of the
ability to deliver high radiation doses to the tumor volume
with minimal exit dose to critical structures. This strategy
appears to improve local control compared with historical
rates from photon therapy (Table 13.3). The treatment of
macroscopic residual disease with conventional photon RT
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has yielded local control rates as poor as 27%.'%° In contrast,
the Massachusetts General Hospital experience included
290 patients treated with proton with or without photon
therapy to doses of up to 83 CGE.'?® At a median follow-
up of 41 months, the 5- and 10-year local recurrence-free
survival rates were 73% and 54%, respectively. The OS rates
were 80% and 54%, respectively. Results from other experi-
ences with charged particles have yielded similar results
(Table 13.3). Series with modern photon techniques for

dose escalation, such as SRT and three-dimensional CRT,
suggest improved results for these in comparison with
conventionally delivered photons. For example, Debus et al
used stereotactic fractionated photons at a median dose of
66.6 Gy and reported 5-year local control rates of 50% for
chordomas and 100% for chondrosarcomas.'°

Late effects of RT are important to consider, given the
long life expectancies that may be achievable with high-
dose radiation therapy after safe maximal resection. Late

Table 13.3  Series of Chordomas and Chondrosarcomas Treated with Radiotherapy

Reference  Authors Year N Histology Dose (median) End point Outcome Follow-up (median)
Fractionated photons
118 Forsyth et al 1993 39 ch 50 Gy 5-y 0S 51% (S, S+RT) 99 mo
10-y OS 35%
157 Tai et al 1995 159 Ch 55.8 Gy (mean) 5-y OS 20%S,65% S+RT 4.1y
10-y OS 20% S, 50% S+RT
125 Catton et al 1996 48 Ch 50 Gy Median 62 months 62 mo
survival (4S, 48 S+RT)
Stereotactic fractionated photons
130 Debus et al 2000 45 Chand Cs 66.6 Gy 5-y LC Ch 50%, Cs 100% 27 mo (mean)
Fractionated protons
129 Munzenrider and 1999 519 Ch and 66-83 CGE 5-y LRFS Ch 73%, Cs 98% 41 mo
Liebsch (MGH) (Ch 290, low-grade Cs
Cs 229)
10-y LRFS ~ Ch 54%, Cs 94%
158 Hug et al (LLUMC) 2000 58 Ch and 64.8-79.2 CGE 5y LC Ch79%, Cs 100% 33 mo (mean)
low-grade Cs
159 Weber et al (PSI) 2005 29 Ch and Ch 74 CGE, 3-yLC Ch 87.5%, Cs 29 mo
low-grade Cs  Cs 68 CGE 100%
160 Noel et al (Orsay) 2005 100 Ch 67 CGE 4y 1C 54% 31 mo
161 Habrand et al 2008 30 Ch and 68.4 CGE 5-y PFS Ch77%, Cs81% 26.5 mo (mean)
low-grade Cs
162 Schulte et al (LLUMC) 2008 63 Cs 72 CGE 5y LC 86% 84 mo
10-y LC 83%
Gamma knife SRS
163 Krishnan et al 2005 25 Ch 15 Gy 5y LC 32% 58 mo
164 Martin et al 2007 28 Chand Cs 16 Gy 5-y LC Ch 63%, Cs 80% 88 mo
LINAGbased SRS/SRT
165 Chang et al 2001 10 Ch 19.4 Gy (mean) LC 2/12 48 mo (mean)
LINAGbased SRT
166 Gwak et al 2005 9 Chand Cs 21-43.6 Gy 2y LC 89% 24 mo
(3-5 fx)
Other charged particles (carbon ion)
167 Schulz-Ertner et al 2007 54 Cs, low- and 60 GyE 4y LC 90% 33 mo
intermediate-
grade
168 Schulz-Ertner et al 2007 96 Ch 60 GyE 5-y LC 70% 31 mo (mean)

Abbreviations: CGE, cobalt gray equivalent; Ch, chordoma; Cs, chondrosarcoma; fx, fractions; Gy, gray; GyE, gray equivalent; LC, local control; LINAC, linear accelerator; LRFS,
local relapse-free survival; LLUMC, Loma Linda University Medical Center; MGH, Massachusetts General Hospital; OS, overall survival; PFS, progression-free survival; PSI, Paul
Scherrer Institut; RT, radiation therapy; S, surgery; SRS, stereotactic radiosurgery; SRT, stereotactic radiotherapy.
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effects were reported in 8% of patients in a proton series
at Massachusetts General Hospital, which included asymp-
tomatic or symptomatic brain changes, unilateral or bilat-
eral blindness, and unilateral deafness.’?* Temporal lobe
damage has been reported in 7.6% of patients at 2 years
and 13.2% at 5 years.!3!

In summary, the treatment of chordoma and chondro-
sarcoma should be consolidated within high-volume and
experienced multidisciplinary teams that can safely offer
radical surgery and high-dose RT. If available, strong con-
sideration should be given to proton therapy to deliver
conventionally fractionated doses of 72 Gy (RBE) for chon-
drosarcomas and 72 to 79 Gy (RBE) for chordomas.

Pituitary Carcinomas

Pituitary carcinomas are rare entities that comprise ~0.2%
of pituitary tumors.'*> They are defined as pituitary tu-
mors with metastasis outside the CNS or occurring as
separate foci within the CNS. Histologic confirmation of-
ten reveals increased mitotic activity (6 per 10 hpf) and
p53 overexpression.'3® Retrospective series suggest that
~75% are hormone-secreting and the remaining 25% non-
functioning.’** In a series of 15 patients, the mean latency
period to metastasis was ~7 years, with greater tendency
toward systemic metastasis than toward isolated cranio-
spinal metastasis.'>

Given their rarity, there is no consensus for treatment
strategy. Outcomes are poor even after multimodality treat-
ment, including surgery, radiation, and chemotherapy. Ex-
perience with fractionated involved-field radiation therapy
(45-56 Gy) has been limited to case reports.'*>'3 [n a case
report, a long-term survivor of pituitary carcinoma was ini-
tially treated with adjuvant RT to the sella to 56 Gy and at the
time of recurrence 8 years later received WBRT to 24 Gy.'*

Sellar Metastases

Large autopsy series report that 1 to 3% of patients with
malignant tumors have pituitary metastases.!>6-13¢ They
are seen most commonly with breast cancer and lung
cancer primaries but can originate from a wide variety of
primary sites.'3*%0 Neurohypophysial metastases are more
common, although breast cancers appear to preferentially
metastasize to the adenohypophysis.

Presenting symptoms most commonly include diabetes
insipidus at rates between 29 and 71%.13813° Other symptoms
may include anterior hypopituitarism, visual field defects,
retro-orbital pain, and ophthalmoplegia.'! In a series of 36
patients with pituitary metastases, such symptoms were
the first sign of disease in 56%."* In this series from Morita
et al, treatment was primarily surgical, and adjuvant RT to
a median dose of 36 Gy was given to half of the patients.
Median survival was ~6 months. Completeness of resection
and radiation dose did not appear to be associated with OS.
Kano et al reported an experience in which 18 patients were
treated with gamma knife SRS to a median marginal dose
of 13 Gy. The median survival was 5.2 months.'%? Following
SRS, 50% of patients experienced relief of neurologic symp-

toms, and the condition of 43% of patients with preexisting
diabetes insipidus was felt to have improved.

Decisions regarding choice of RT are largely driven by
dosimetric considerations. Because of their close proximi-
ty to the optic chiasm, pituitary metastases are usually not
amenable to SRS because therapeutic doses exceed chi-
asm tolerance. In the setting of multiple brain metastases,
WBRT is recommended. If the sellar metastasis is solitary
in nature or refractory to WBRT, then SRS, hypofraction-
ated SRT, or involved-field RT may be considered as long as
optic chiasm and nerve tolerances are respected.

¢ Late Effects of Radiation Therapy

The risk for late effects after radiation is always related to
the adjacent normal tissue that receives a clinically rele-
vant dose. In the sella and parasellar region, these “organs
at risk” include the pituitary gland, optic chiasm, optic
nerves, brain parenchyma, and contents of the cavernous
sinus—namely, cranial nerves and carotid vessels. In the
modern era, the sole purpose of advanced technology in
radiation planning is to minimize dose to normal tissues
and spare the patient both acute and late effects. These
technologies include CT-based three-dimensional plan-
ning, IMRT, stereotactic approaches to minimize setup
uncertainty, and proton therapy to minimize exit dose.
Most of the available data below are drawn from the large
experience in treating pituitary adenomas with standard
fractionated EBRT and SRS.

Hypopituitarism

Hypopituitarism is a common late effect of RT when the
prescribed dose to the sella is in the 45- to 54-Gy range
used to treat most benign neoplasms. Because the sella is
often the target, the risk for hypopituitarism is impossible
to minimize. The risk for new hypopituitarism affecting
at least one axis is 20 to 60% at 5 years for both standard
fractionated EBRT and SRS.'%1137.143 For example, Estrada et
al reported a 57% risk for new GH deficiency after treat-
ment for Cushing disease.’® With longer follow-up, Minniti
et al reported new hypopituitarism in 85% at 15 years.!
Hoybye et al reported 100% GH deficiency and 69% thyroid
hormone deficiency with mean follow-up of 17 years af-
ter SRS for ACTH-secreting adenomas. More modern dosi-
metric analyses have attempted to identify predictors for
hypopituitarism, such as dose parameters for the entire
pituitary,'* infundibulum,'*> and hypothalamus.!46

Visual Deficits

At the recommended tolerance doses of less than 54 Gy in
1.8- to 2-Gy fractions and less than 8 to 10 Gy in a single SRS
fraction, the risk for visual deficits is minimal. This is reviewed
in the earlier section, “Dose Limitations of the Optic Chiasm
and Nerves.” Clinical data come from large series, including
a compilation of 11 series involving 1388 patients treated
with standard fractionated EBRT. The risk for visual injury
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was 1.7%.'47 Similarly, the Royal Marsden Hospital experience
included 411 patients with pituitary adenomas treated with
45 to 50 Gy in 25 to 30 fractions and found a 1.5% incidence
of visual deterioration at 20 years.'*® The largest SRS experi-
ence for adenomas included more than 1600 patients over 35
series and reported a 1% risk for visual changes.!

Second Malignancy

As in most disease sites, the risk for second malignancy
after RT is difficult to measure because it is heavily de-
pendent on dose, treatment volume, length of follow-up,
and underlying host genetics. Radiation-induced tumors
are most commonly meningiomas, gliomas, and sarco-
mas. Based on data from the literature for pituitary ade-
nomas, the long-term risk for a second malignancy after
standard fractionated EBRT is 1 to 3% at 20 years.!'47-14°
However, in a large review of SRS series including 1621
patients, there were no reported radiation-induced ma-
ligancies.! In addition to SRS, other modern technolo-
gies such as three-dimensional CRT and proton therapy
provide a theoretic reduction in risk for second malig-
nancy by reducing the volume of normal tissue exposed
to radiation.

Radionecrosis

Radionecrosis within uninvolved brain parenchyma, such
as the temporal lobes, is extremely uncommon when 45 to
54 Gy in 1.8- to 2-Gy fractions or standard SRS doses are
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14 Stereotactic Radiosurgery

Ricky Medel, Brian Williams, and Jason P. Sheehan

Tumors in and around the sella turcica represent some of
the most challenging clinical entities that clinicians have
dealt with over the past century. Nearly 100 years after
Harvey Cushing’s landmark work, The Pituitary Body and
Its Disorders: Clinical States Produced by Disorders of the
Hypophysis Cerebri,' pituitary adenomas, meningiomas,
and other, rarer tumors of the parasellar and sellar region
remain difficult to cure with microsurgical techniques
alone. In fact, Harvey Cushing recognized the difficulties
of conventional surgical approaches for treating intracra-
nial tumors. Cushing and colleagues used a device called
a radium bomb to deliver single-session, focused radiation
to intracranial tumors.?? At the time, the understanding of
radiobiology and dosimetry was rather simplistic. Never-
theless, Cushing recognized the need for neurosurgeons to
use radiation as an adjunct to the scalpel for treating intra-
cranial tumors.

In 1951, stereotactic radiosurgery (SRS) was described
by Lars Leksell as the “closed skull destruction of an intra-
cranial target using ionizing radiation.” Leksell treated the
first patient with a pituitary adenoma to undergo surgery
with the gamma knife in 1968. Since that time, SRS has
been used to treat thousands of patients with sellar and
parasellar tumors. Radiosurgery can be used as an upfront
treatment or to achieve control of recurrent or residual
tumor.

Great attention and effort in the field of SRS have been
placed on the preservation of surrounding neuronal, vas-
cular, and hormonal structures. Refinement of the radio-
surgical technique for parasellar and sellar tumors has
been achieved through advances in radiobiology, neuroim-
aging, medical physics, and engineering. In this chapter, we
review the role of SRS for the two most commonly treated
tumors types in the parasellar and sellar region: pituitary
adenomas and meningiomas.

¢ Radiosurgical Devices and Techniques

SRS involves focusing a high dose of radiation to the tumor
while sparing surrounding structures significant doses of
radiation. Radiosurgery is usually delivered in a single ses-
sion but may be delivered in up to five sessions.> It uses a
steep falloff of the radiation dose to the surrounding tis-

sues. Patients are immobilized with rigid frames fixed to
the skull or other immobilization devices (eg, aquaplast
masks or bite blocks). Radiosurgery is image-guided and
generally achieves submillimeter accuracy. Integrated im-
aging may be used to further track and compensate for po-
tential sources of error.

There are several types of radiosurgical delivery devices,
including the gamma knife, modified linear accelerators
(LINACs), and proton beam units. Single-session radiosur-
gical doses for nonfunctioning adenomas are typically 12
to 18 Gy, and 15 to 30 Gy for functioning adenomas. Radio-
surgical doses for World Health Organization (WHO) grade
1 meningiomas are typically 12 to 18 Gy. For multisession
radiosurgery, these doses may be divided into two to five
sessions or fractions.

Gamma knife radiosurgery involves the use of multiple
isocenters of varying beam diameters to achieve a dose
plan that conforms to irregular three-dimensional vol-
umes. The number of isocenters varies based upon the
size, shape, and location of the adenoma. In the current
version of the gamma knife, each isocenter is comprised of
eight independent sectors. Beam diameters for the current
Gamma Knife Perfexion unit vary from zero (ie, blocked) to
16 mm in diameter.

Linear accelerator (LINAC)-based radiosurgery (eg, Cy-
berKnife, Novalis Tx, Trilogy, Axesse) uses multiple ra-
diation arcs to crossfire photon beams at a target.> Most
systems use nondynamic techniques in which the arc is
moved around its radius to deliver radiation that enters
from many different vantage points. Technical improve-
ments with LINACG-based radiosurgery include beam
shaping, intensity modulation, minileaf collimation, and
onboard computed tomography or fluoroscopic imaging.

Proton therapy is a method of external beam radiothera-
py; it has been adapted as a radiosurgical tool for intracra-
nial pathology. It takes advantage of the inherent superior
dose distribution of protons compared with photons that
is a consequence of the Bragg peak phenomenon.” Current-
ly, there are a few centers where this treatment is avail-
able in the United States and abroad. The number of such
centers is likely to increase in the coming years as compact
proton units are developed and proton beam technology
is applied to more types of intracranial and extracranial
disease.
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¢ Radiosurgery for Pituitary Adenomas

Pituitary adenomas are the most common intrasel-
lar neoplasms and are found in 10 to 27% of the general
population.?® Microadenomas (<1 cm) may be discovered
incidentally during magnetic resonance imaging (MRI) or
may be diagnosed when a patient has symptoms of hor-
mone hypersecretion. Macroadenomas may be diagnosed
as a result of mass effect inducing hypopituitarism, eleva-
tion in prolactin, or a neurologic deficit (eg, cranial nerve
dysfunction). The distribution of functioning and non-
functioning microadenomas is equal. Among macroadeno-
mas, nonfunctioning lesions occur with greater frequency
(~80%).% Patients with pituitary adenomas often present
with headache (40-60%), visual disturbance, hypopituita-
rism, or, less frequently, apoplexy.?® Surgical intervention
is currently the mainstay of treatment for nearly all lesions
except prolactinomas. Patients with large or invasive le-
sions often require additional therapeutic modalities, and
radiosurgery is an important part of their treatment.’

Nonfunctioning Pituitary Adenomas

Growth control following microsurgical resection will be
achieved in 50 to 80% of patients with macroadenomas.!®
Radiosurgery provides an excellent therapeutic option for
those with continued growth or evidence of recurrence.
Worldwide, more than 11,000 patients have been treated,
with the published literature supporting effective control
of tumor growth and low rates of complications.'®
Twenty-seven series were identified comprising 1009
patients with nonfunctioning adenomas'’-*> (Table 14.1).
Follow-up (mean/median) ranged from 16.2 to 64 months,
with an average rate of growth control of 96.8% (range,
92.2-100%; Fig. 14.1). The dose given to the tumor mar-
gin ranged from 12.3 to 26.9 gray (Gy). Neurologic deficits
were uncommon (average, 4.0%; range, 0-17.6%), as was
hypopitutarism (average, 6.4%; range, 0-40%). Pollock et

al,”? in their series of 62 patients, reported a rate of 27% ex-
periencing new anterior pituitary deficiencies. There was
no substantial difference in the dosimetry between those
with and without hypopituitarism after radiosurgery; a
median margin dose of 16 Gy was used in that series. How-
ever, they did demonstrate a significant relationship with
the volume of the lesion treated; patients with a tumor
volume of 4.0 cm? or less had a 5-year risk for developing
a new hormonal deficit of 18%, whereas those with lesions
larger than 4.0 cm? had a 5-year risk of 58% (P = 0.02). At
our institution, we reported 90% tumor control in a series
of 100 patients with nonfunctioning pituitary adenomas.??
Tumor control was reduced when the margin dose to the
tumor was less than 12 Gy. These data provide a basis upon
which to provide patients with advice regarding the risks
of intervention.

Secretory Pituitary Adenomas
Cushing Syndrome

In 80% of cases, endogenous Cushing syndrome results
from hypersecretion of adrenocorticotropic hormone
(ACTH), usually secondary to a pituitary corticotrope ad-
enoma.’ Although surgical resection remains the primary
treatment for ACTH-secreting pituitary adenomas, inva-
sion of the surrounding dura and/or cavernous sinus or
the presence of a lesion undetectable on MRI makes sur-
gical cure improbable. In these situations, radiosurgery
serves as an invaluable adjunctive modality. What defines
“cure” in Cushing syndrome remains the subject of some
controversy. In 2003, the Endocrine Society published a
consensus statement regarding the diagnosis and treat-
ment of this disease, including the criteria for establishing
biochemical remission or cure.’” The guidelines were up-
dated in 2008, and both versions suggest the use of morn-
ing postoperative serum cortisol levels.*® Very low levels,
less than 2 mcg/dL, predict a low rate of recurrence (~10%
in 10 years). Most series use either mean serum free corti-

Fig. 14.1 A 41-year-old man who pre-
sented with a recurrent, nonfunction-
ing pituitary adenoma. (A) The patient
underwent stereotactic radiosurgery
in which 15 Gy was delivered to the
tumor margin. (B) One and one-half
years later, the pituitary adenoma has
decreased substantially in size.
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Table 14.1 Summary of the Literature Review for the Radiosurgical Management of Nonfunctioning Pituitary Adenomas

Mean/median

Growth

Mean/median control ~ Neurologic  Hypopituitarism

Year Authors Patients (N) follow-up (mo) margin dose (Gy) (%) (1) deficit (%)T (%)
1998 Lim et al 22 25.5* 25.4* 92.5* 1.7% 0
1998 Martinez et al 14 36" 15.8 100 3.4% 0
1998 Mitsumori et al 7 47 NR 100 11.1 22.9
1998 Witt et al 24 32* 19.2* 94* 5.6 0
1998 Yoon et al 8 49.2* NR 96 0 29.2"
1998 Pan et al 17 29* 15.8 94.1 17.6 NR
1999 Hayashi et al 18 16.2* 225" 94.6 5.6 0
1999 Inoue et al 18 >24 20.2* 94.3* 0 NR
1999 Mokry et al 31 20.7 13.8 96.8 0 6.5
2000 Izawa et al 23 30.1 19.5 95.6 8.7 0
2000 Shin et al 3 18.7 16 100 6.3" 0
2002 Feigl et al 61 55.2* 15* 94* NR 40*
2002 Sheehan et al 42 31.2 16 97.6 4.8 0
2002 Wowra and Stummer 30 57.7 16 93.3 0 10
2003 Muramatsu et al 8 30" 26.9 100 12.5 0
2003 Petrovich et al 52 34" 15* 100 3* NR
2004 Losa et al 54 41.1 16.6 96.3 0 9.3
2004 Muacevic et al 51 21.7 16.5 95 0 3.9
2005 Kajiwara et al 14 32.1 12.6 92.9 7.1 7.1
2005 Picozzi et al 51 40.6 16.5 96.1 NR NR
2005 Iwai et al 28 36.4 123 93 0 7
2006 Mingione et al 100 46.4 18.5 92.2 0 25
2006 Voges et al 37 56.6 13.4 100 4.2% 12.3*
2007 Liscék et al 140 60 20 100 0 1.4
2008 Pollock et al 62 64 16 96.8 1.6 27
2009 Hoybye and Rahn 23 78/97 (2) 20 100 4.3 0
2009 Kobayashi 71 50.2% 96.7 2.8 8.2
Total/Average 1009 96.8 4.0 6.4

(1) Classified as unchanged or reduced in size.

(2) Median duration of follow-up was 78 months for radiographic and 97 months for clinical follow-up.

* Data not available for separate group, only the cohort as a whole.
T Does not include asymptomatic diagnosis of radiation necrosis.

sol (5.4-10.8 mcg/dL), midnight salivary cortisol (normal,
<4.2 nmol/L), or a urinary free cortisol (UFC) within the
normal range. Nevertheless, there is significant variability
in the exact testing and levels used to define biochemical
remission.

A review of the radiosurgical literature revealed 36 stud-
ies comprising 671 patients with Cushing disease treated
with radiosurgery, in most cases as an adjunct to opera-
tive resection!!-161821232427.31-3338-59 (Table 14.2). Most used
24-hour UFC or serum cortisol to assess remission. How-
ever, the criteria for defining remission were not reported
for all series. The average rate of endocrine remission was
54.6%, with a range from 0 to 100% over a follow-up period
(mean/median) from 16.2 to 94 months. In our experience,
endocrine remission of Cushing disease was achieved on

average ~12 months after SRS.> The rates of new neuro-
logic deficit, including visual deterioration, were low (av-
erage, 2.5%), with some form of new anterior pituitary
deficiency occurring in 23% of patients (range, 0-68.8%).
Emphasizing the importance of long-term follow-up, late
recurrence was also demonstrated in several series, with
rates as high as 20%.4>

Nelson Syndrome

In some patients, Cushing syndrome remains refractory
to surgical resection and radiation therapy of pituitary le-
sion. In these patients, bilateral adrenalectomy remains
a therapeutic option to induce remission of hypercorti-
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Table 14.2 Summary of the Literature Review for the Radiosurgical Management of Cushing Syndrome

Mean/median Biochemical

margin dose Mean/median  remission Neurologic  Hypopituitarism
Year Authors Patients (N) (Gy) follow-up (mo) (%)% deficit (%)T (%)
1986 Degerbald et al 29 NR >36 76 0 41.4
1991 Levy et al 64 NR NR NR 4.8 33*
1993 Ganz et al 4 25 >18* 50 NR NR
1995 Seo et al 2 27.5 26.5 100 0 0
1998 Lim et al 4 25.4% 25.5% 25 1.7% 0
1998 Martinez et al 3 24 36" 66.7 3.4% 333
1998 Mitsumori et al 5 NR 47 40 11.17 22.9*
1998 Morange-Ramos etal 6 33.2 20" 66.6 16.7 16.7
1998 Pan et al 4 27.5 29* 100 0 NR
1998 Witt et al 25 19.2* 32" 52 5.6"
1999 Hayashi et al 10 22.5% 16.2* 10 0
1999 Inoue et al 3 20.2% >24 100 0 NR
1999 Mokry et al 5 17 56.3 333 0 40
1999 SH Kim et al 8 28.7% 26.9% 62.5 0 0
2000 Izawa et al 12 23.8* 26.4% 16.7 0 0
2000 Sheehan et al 43 20 39.1 63 2.3 16
2000 Shin et al 7 323 88.2 50 6.3" 16.7
2001 Hoybye et al 18 NR 16.8 44 0 68.8
2002 Feigl et al 4 15* 55.2* 60" NR 40*
2002 Kobayashi et al 20 28.7 64 23.3 NR NR
2002 Laws et al 40 20 NR 74 2.5 24
2002 Pollock et al 9 20 42.4% 78 22.2 16*
2003 Choi et al 7 28.5" 42.5% 55.6 0 0
2003 Petrovich et al 3 15* 34" NR 3* NR
2003 Wong et al 5 NR 38 100 0 20
2003 Witt 8 24* 24* 0 0 NR
2005 Devin et al 35 14.7 42 49 0 40
2006 Voges et al 17 16.4 58.7 52.9 4.2* 12.3*
2007 Castinetti et al 40 29.5 54.7 42.5 5 15
2007 Jagannathan et al 90 23 45 54 5 22
2007 Kajiwara et al 2 26 38.5 50 0 50
2007 Petit et al 33 20 62 52 0 52
2008 Pollock et al (1) 8 20 73 87 0 36*
2008 Tinnel et al 12 25 37 50 0 50
2009 Castinetti et al 18 28 94 50 5.3 21"
2009 Wan et al 68 23 67.3 27.9 2.9 1.7*
Total/Average 671 54.6 2.5 23.0

(1) Contains patients included in the 2002 cohort by Pollock et al.

* Data not available for separate group, only the cohort as a whole.

T Does not include asymptomatic diagnosis of radiation necrosis.

1 Percentage refers to all patients with remission, including those who subsequently experienced recurrence.
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solemia. Although this procedure is effective, Nelson syn-
drome is a well-described complication, occurring in up to
23% of patients.®® Characterized by elevated ACTH levels,
hyperpigmentation, and progressive and often invasive
tumors, this syndrome presents a therapeutic challenge
of its own.

As opposed to the literature regarding the radiosurgi-
cal treatment of other pituitary adenomas, that for the
use of radiosurgery in Nelson syndrome is fairly sparse.
Ten series encompassing 94 patients have been pub-
lished3243474961-66 (Table 14.3). Over an average follow-up
period (mean/median) ranging from 18 to 84 months,
normalization of ACTH occurred in only 24.3%; however,
a significant reduction in hormone levels was more fre-
quent. Control of tumor growth was achieved in the ma-
jority of cases (range, 82-100%). Overall, the paucity of
literature prevents strong conclusions from being drawn,
but it appears as if good tumor control with a reduction in
ACTH levels is achievable with radiosurgery for patients
with Nelson syndrome.

Acromegaly

Acromegaly occurs with a prevalence of ~60 per million
and has significant associated morbidity and mortality
(hypertension, diabetes, cardiomyopathy, and sleep ap-
nea), with a standardized mortality ratio of 1.48.57 Surgical
resection is widely considered to be the first-line therapy;
however, like patients with Cushing disease, those with
invasion of surrounding structures (eg, the dura or the
cavernous sinus) are unlikely to be cured. Although there
exists some variation in the definition of biochemical cure,
most consider a growth hormone (GH) level below 2.0 ng/
mL to be appropriate because it has been associated with
a reversal of the morbidity and mortality of the disease.®

This GH level should occur with an insulin-like growth fac-
tor (IGF-1) level that is within the normal range for age and
gender.

Forty-one series have been published compris-
ing 1596 patients with acromegaly over a follow-
up period (mean/median) ranging from 16.2 to 102
monthsl1—16,18,21,24,26,27,31—33.40,43,46,49,50,52,53,56758,66,69781 (Table 14.4)'
The rates of endocrine remission ranged from O to 100%
(average, 43.8%). Several factors contributed to this con-
siderable variation, including variation in the definition of
remission, use of somatostatin analogues both during treat-
ment and follow-up, and differences in treatment param-
eters. Radiosurgery was associated with a low incidence of
adverse effects, with a reported 1.5% of patients developing
new neurologic deficits, primarily changes in visual acuity
or extraocular motility. Additionally, an average of 9.8% of
patients developed some form of pituitary dysfunction fol-
lowing SRS. Of note, radiosurgically induced endocrine re-
mission appears to occur later than in Cushing disease. Our
center observed a mean time to endocrine remission of ~24
months after radiosurgery, compared with 12 months for a
similarly treated cohort of patients with Cushing disease.??
This and similar findings of a differential response of secre-
tory pituitary adenomas to radiosurgery warrant further
investigation in terms of the underlying radiobiology and
ways to augment the effects of radiosurgery on more resis-
tant types of secretory pituitary adenomas.>?

Prolactinoma

Prolactinomas are the most common secretory pituitary
adenomas and account for 44% of all pituitary microadeno-
mas in autopsy series.®> Unlike with other adenomas, ob-
servation is within the management paradigm, and when
treatment is indicated, medical therapy remains the first-

Table 14.3 Summary of the Literature Review for the Radiosurgical Management of Nelson Syndrome

Mean/median Mean/median Biochemical Growth control

Year Authors Patients (N) follow-up (mo) margin dose (Gy)  remission (%)% (%)
1991 Levy et al 17 NR NR NR 94
1993 Ganz et al 3 >18" NR 0 100
1998 Wolffenbuttel et al 1 33 12 0 100
1999 Laws et al 9 NR NR 11 NR
2002 Pollock and Young 11 37 20 36.4 82
2002 Kobayashi et al 6 63 28.7 33 100
2006 Voges et al 9 63.1 15.3* 11.1 100
2007 Mauermann et al 23 20/50 (1) 25 17 91
2007 Petit et al 5 62 20 100 100
2009 Vik-Mo et al 10 84 26.2 10 100
Total/Average 94 243 96.3

(1) Median duration of follow-up was 20 months for radiographic and 50 months for endocrine follow-up.

* Data not available for separate group, only the cohort as a whole.

1 Percentage refers to all patients with remission, including those who subsequently experienced recurrence.



Table 14.4 Summary of the Literature Review for the Radiosurgical Management of Acromegaly

Mean/median  Biochemical

Mean/median margin dose remission Neurologic ~ Hypopituitarism
Year Authors Patients (N) follow-up (mo) (Gy) (%)L deficit (%)T (%)
1991 Levy et al 318 NR NR NR 2.8 33"
1991 Thoren et al 21 64.4 NR 9.5 0 23.8
1993 Ganz et al 4 >18* 20 25 NR NR
1998 Landolt et al 16 16.8 25 68.8 0 0
1998 Lim et al 16 25.5% 25.4% 37.5 1.7¢ 6.3
1998 Martinez et al 7 36* 24.7 85.7 3.4~ 0
1998 Morange-Ramos etal 15 20" 28.7 20 6.7 13.3
1998 Pan et al 15 29* 28.6 100 0 NR
1998 Witt et al 20 32* 19.2% 72 5.6*
1999 Hayashi et al 22 16.2% 22.5* 40.9 0
1999 Inoue et al 12 >24 20.2* 58.3 0 NR
1999 Laws et al 56 NR NR 25 NR NR
1999 Mokry et al 16 45.9 16 31 0 18.8
1999 SHKim et al 11 26.9* 28.7 45.5 0 0
2000 Izawa et al 29 26.4* 23.8" 41.4 0 0
2000 Shin et al 6 42.7 34.4 66.7 6.3" 0
2000 Zhang et al 68 34 31.3 36.8 (3) 2.9 0
2001 Fukuoka et al 9 42 20 50 0 0
2001 lkeda et al 17 55.8 25 82 0 0
2002 Feigl et al 9 55.2* 15* 60* NR 40*
2002 Pollock et al 26 42.4* 20 42 0 16"
2003 Attanasio et al 30 46 20 23 0 6.6
2003 Choi et al 42.5% 28.5% 50 0 0
2003 Muramatsu et al 4 30" 27.5 50 0 0
2003 Petrovich et al 34> 15* NR 3* NR
2003 Witt 4 24> 24> 25 0 NR
2005 Castinetti et al 82 49.5 25 17 0 17.1
2005 Gutt et al 44 22.8 18 47.7 0 NR
2005 Kajiwara et al 2 53.5 13.5 0 0 0
2005 Kobayashi et al 67 63.3 18.9 4.8 11.1 14.6 (1)
2006 Jezkova et al 96 53.7 35 50 0 26
2006 Voges et al 64 54.3 16.5 37.5 4.2% 12.3*
2007 Pollock et al 46 63 20 50 2.2 33
2007 Roberts et al 9 25.4 21 44.4 0 33.3
2007 Vik-Mo et al 61 66 26.5 17 3.3 13.1
2008 Jagannathan et al 95 57 22 53 4.2 34
2008 Losa et al 83 69 21.5 60.2 0 8.5
2008 Pollock et al (2) 27 46.9 20 67 0 36*
2008 Tinnel et al 9 35 25 44.4 11 22
2009 Castinetti et al 43 102 24 42 53" 21"
2009 Wan et al 103 67.3* 21.4 36.9 1 1.7¢
Total/Average 1596 43.8 1.5 9.8

a
@
3

) Includes one mortality secondary to hypopituitarism.
) Contains patients included in the 2002 cohort by Pollock et al.
) Of the 26 patients followed for longer than 36 months, 25 had normalization of their growth hormone levels.

* Data not available for separate group, only the cohort as a whole.
T Does not include asymptomatic diagnosis of radiation necrosis.
1 Percentage refers to all patients with remission, including those who subsequently experienced recurrence.
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line choice for most patients with prolactinomas. Concern-
ing the definition of biochemical cure, most consider it to
be a gender-appropriate normalization of serum prolac-
tin levels. However, some studies have demonstrated that
treatment may disrupt the pituitary stalk, leading to eleva-
tion in prolactin levels and falsely lowered rates of cure.*

A review of the literature revealed 32 radiosurgical se-
ries including 765 patients with a prolactin-secreting ad-
enomal1—18,21,23,24,27,32,33,35,40,43,46,49,50,52,53,56,57,66,70,84—89 (Table 14.5)
Biochemical cure was realized in 30.8% of patients overall (0-
83.3%) over a follow-up period (mean/median) of 19.5 to 75.5
months. Growth control rates were substantially better, with
many achieving rates of 90% or greater. Here, as with other
secretory adenomas, the use of medical therapy both during
treatment and through follow-up had an effect on outcomes.
The rates of adverse events remained low, with a mean of
2.1% (range, 0-9.1%) developing new neurologic deficits and
7.5% having some form of new pituitary dysfunction (range,
0-28%).

Biochemical Remission and Late Recurrence

Given the morbidity associated with hypersecretory le-
sions, radiosurgical intervention would ideally yield hor-
mone normalization within a period of time similar to that
seen after surgical extirpation.”® Unfortunately, the period
during which remission can occur is longer and demon-
strates considerable variation, with reports of occurrence
ranging from 3 months to 8 years.3'>7°

Concerning factors influencing remission, several groups
have performed investigations designed to determine what
if any variables may be used to predict or alter the efficacy
of radiosurgery. Pollock et al” evaluated 46 patients with
GH-secreting adenomas and identified two significant as-
sociations in both univariate and multivariate analysis. A
preoperative IGF-1 level greater than 2.25 times the up-
per limit of normal was significantly associated with lower
rates of biochemical cure (hazard ratio [HR], 2.9; 95% con-
fidence interval [CI], 1.2-6.9), with this finding support-
ing the earlier reports by Castinetti and colleagues,’”* who
identified a significant association between preoperative
GH and IGF-1 levels and rates of remission.

The perioperative use of suppressive medications was
also found to have an influence on remission (HR, 4.2; 95%
Cl, 1.4-13.2).7 In patients with IGF-1 levels less than 2.25
times the upper limit of normal and those who were off
somatostatin agonists at the time of radiosurgery, the rates
of biochemical remission exceeded 80%. A similar finding
was demonstrated by Landolt et al,®' who showed that the
remission rates fell from 60% to 11% for those using octreo-
tide in the perioperative setting. Mechanisms underlying
this result include a decreased radiosensitivity of tumor
cells secondary to decreased cell division. Additionally,
octreotide may act as a free radical scavenger, thereby
decreasing the damage incurred by DNA following expo-
sure to ionizing radiation. Importantly, this result is not
exclusive to acromegaly. Landolt and colleagues®’ found a
nonsignificant trend toward worse outcomes in patients
treated with radiosurgery for prolactinomas while on do-
pamine agonists. Pouratian®® et al, in their analysis of 23

patients with refractory prolactinomas, demonstrated a
significant increase in the rates of remission for those pa-
tients off dopamine agonists at the time of treatment. We
observed a similar improvement in endocrine remission in
patients with acromegaly taken off pituitary-suppressive
medications at the time of radiosurgery.?

There remains some controversy, however, as the
literature has not been entirely consistent across se-
ries.’36%71.798791 Two other groups analyzed remission rates
after radiosurgery in the setting of somatostatin agonists,
without an identifiable effect on outcome.5®”! Several is-
sues are postulated to account for this variability. First, the
definition of cure is not entirely consistent across series,
with some accepting GH values of less than 5 ng/mL.>°7
Second, the rates of follow-up are inconsistent. Pollock et
al” demonstrated that remission continued to occur for up
to 5 years following radiosurgical treatment, whereas in the
report by Castinetti and colleagues,”’ 44% of their patient
population received the final endocrine evaluation less
than 36 months following treatment. Despite inconsistent
data, it is the practice at our center to discontinue the use of
suppressive medications for 6 to 8 weeks around the period
of radiosurgery, with the exact duration contingent on the
specific pharmacokinetics of the specific substance used.

The rates of biochemical remission vary broadly across
series, and one may note from the previously quoted re-
sults that a differential sensitivity to radiosurgery has
been demonstrated for specific types of secretory pituitary
adenomas.'732>2 In general, Cushing syndrome demon-
strates the highest average rates of biochemical remission,
followed by acromegaly, prolactinomas, and Nelson syn-
drome. This finding has been attributed to patient se-
lection, tumor volume, radiation dose delivered, use of
suppressive medications, and duration of follow-up.'7>? In
an attempt to control for such confounding variables, Pol-
lock et al*? reviewed a retrospective series of 46 patients
similar in terms of the above-mentioned aspects. This
analysis revealed an 87% remission rate for Cushing disease
versus 67% for acromegaly and 18% for prolactinomas (HR,
4.4:;95%ClI, 1.1-18.2; P=0.04). Importantly, although only
18% of patients in this series with prolactinomas met the
criteria for remission, the majority (82%) demonstrated
symptomatic improvement. Concerning prolactinomas in
particular, radiation-induced damage to the pituitary stalk
may yield mild elevations of prolactin, resulting in falsely
lowered rates of remission.>? Although this supports the
hypothesis that radiosensitivity varies with hormonal
product, the etiology of this disparity remains obscure.

Over all, few cases of recurrence following documented
biochemical remission are reported.*>* However, in these
series, rates of up to 20% have been reported. This again
serves to accentuate the necessity of long-term radio-
graphic and endocrinologic follow-up after any therapeu-
tic intervention for secretory pituitary adenomas.

Adverse Events
Adverse events following radiosurgery for a pituitary ad-

enoma remain uncommon, with hypopituitarism occur-
ring the most frequently. On average, 6 to 23% of patients
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Table 14.5 Summary of the Literature Review for the Radiosurgical Management of Prolactinomas

Mean/median  Biochemical

Mean/median  margin dose remission Neurologic ~ Hypopituitarism
Year Authors Patients (N) follow-up (mo) (Gy) (%)% deficit (%)T (%)
1991 Levy et al 20 NR NR 60 NR 33*
1993 Ganz et al 3 >18* 13.3 0 NR NR
1998 Lim et al 18 25.5% 25.4% 55.6 1.7¢ 0
1998 Martinez et al 5 36" 33.2 0 3.4 0
1998 Mitsumori et al 4 47* NR 0 11.1° 22.9*
1998 Pan et al 27 29" 26 17.4 7.4 NR
1998 Witt et al 12 32" 19.2* 0 5.6* 0
1998 Yoon et al 11 49.2* NR 81.8 0 29.2*
1999 Hayashi et al 13 16.2* 22.5% 15.4 7.7 0
1999 Inoue et al 2 >24 20.2% 50 0 NR
1999 Laws et al 19 NR NR 7 NR NR
1999 Mokry et al 21 30.8 14.2 61.9 0 14.3
1999 Morange-Ramos etal 4 20" 28.8 0 0 25
1999 MS Kim et al 13 12* 22* 23.1 0
1999 SH Kim et al 18 26.9% 28.7% 16.7 0
2000 Izawa et al 15 26.4* 23.8* 20 6.7
2000 Landolt et al 20 28.5 25 25 5 NR
2000 Pan et al 128 33 31.2 52 0 NR
2002 Feigl et al 18 55.2* 15* 60* NR 40"
2002 Pollock et al 7 42.4* 20 29 0 16™
2003 Choi et al 16 42.5% 28.5* 23.8 0 0
2003 Petrovich et al 12 34* 15* 83.3 3" NR
2005 Kajiwara et al 3 35.7 14.3 33 0 9.5
2006 Pouratian et al 23 52 18.6 26 7 28
2006 Voges et al 13 56 13.5 15.4 4.2* 18.3
2007 Ma et al 51 37 26.1 40 NR 17.6
2008 Pollock et al (1) 11 48 25 18 9.1 36*
2008 Tinnel et al 2 19.5 19 50 0 0
2009 Castinetti et al 15 75 26 46.6 5.3* 21*
2009 Jezkova et al 35 75.5 34 37.1 0 14.3
2009 Kobayashi 30 37.4 18.4 43.5 0 0
2009 Wan et al 176 67.3 22.4 233 0 1.7%
Total/Average 765 19.5 30.8 2.1 7.5

(1) Contains patients included in the 2002 cohort by Pollock et al.
* Data not available for separate group, only the cohort as a whole.
 Does not include asymptomatic diagnosis of radiation necrosis.

1 Percentage refers to all patients with remission, including those who subsequently experienced recurrence.

develop some form of anterior pituitary deficiency sub-
sequent to treatment. This has been correlated with the
tumor volume; those with a tumor volume of 4.0 cm? or
less have a 5-year risk of 18%, versus 58% for those with
larger lesions.?® The incidence of postradiosurgical hypopi-
tuitarism is also likely to be related to the preradiosurgical
status of the normal pituitary gland, type and timing of

prior treatments, radiosurgical dose per volume delivered
to the normal gland, and rigorousness and length of the
follow-up assessment period. A safe radiosurgical dose or
dose per volume below which hypopituitarism will not oc-
cur is unlikely to exist. However, a lower dose achieved in
part through a steep gradient index is intuitively pleasing
in terms of minimizing the risk for hypopituitarism.
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The second most common side effect includes neu-
ropathies of cranial nerves II, III, IV, V, and VI, which oc-
cur in 2% or fewer of all patients. Greater conformality and
shielding strategies serve to minimize this risk.®> Other
rare side effects include radiation necrosis of the adjacent
parenchyma,’?525357 internal carotid artery stenosis,>**
and secondary tumor formation.** Concerning radiosurgi-
cally induced neoplasia after the treatment of a pituitary
tumor, no cases have been reported to date. Nevertheless,
one must always be cognizant of this potential, especially
when using radiosurgery in younger patients.

¢ Radiosurgery for Sellar and Parasellar
Meningiomas

Meningiomas are common intracranial lesions, and al-
though they are generally histologically benign, resection
of skull base lesions can be associated with significant mor-
bidity.?>-'% Given the intimate relationship of the sellar and
parasellar region to critical neurovascular structures, tu-
mor control and preservation of neurologic function have
become the goals of therapy. Previously, external beam
radiotherapy was the adjuvant treatment of choice follow-
ing surgical resection. However, more recently, radiosur-
gery has replaced this modality and has even become an
acceptable primary therapy in certain cases.

Tumor Control

For WHO grade 1 meningiomas, SRS results in control
rates ranging from 86 to 100%,'-'3® with a recent series
demonstrating 5- and 10-year progression-free survival
rates of 95% and 69%, respectively'* (Fig. 14.2; Table 14.6).
Variability in tumor and treatment characteristics and
the duration of follow-up are all partially responsible for
the differential outcomes reported. Specific variables that
have demonstrated statistical significance in predicting tu-
mor control include tumor volume and patient age at the
time of treatment, with a younger age portending a more
favorable outcome. In our experience at the University of
Virginia, those lesions larger than 5 cm?® had an average pe-
ripheral dose of 12.7 Gy, compared with 15 Gy for smaller
tumors (P < 0.001)."* This finding serves as an impetus for
cytoreductive surgery before radiosurgical therapy. When
the sellar or parasellar meningioma is adjacent to critical,
radiation-sensitive structures such as the optic apparatus
despite maximal safe resection, multiple-session radio-
surgery with LINAC-based systems or the Gamma Knife
eXtend may achieve a high rate of tumor control and main-
tain neurologic function.!#

As with pituitary adenomas, WHO grade 1 meningiomas
are slowly progressive lesions, and long-term follow-up is
necessary to adequately characterize treatment outcomes.
There is evidence suggesting that meningiomas followed

Fig. 142 A 36-yearold
woman presented with wors-
ening headaches and extraoc
ular dysmotility. (A) Axial and
(B) coronal postcontrast MR
images of the brain revealed
a left parasellar tumor consis-
tent with a meningioma.The
patient underwent stereotac
tic radiosurgery with a dose
of 14 Gy to the tumor margin.
(C,D) One year after radiosur-
gery, the patient’s tumor was
markedly smaller. In addition,
her headaches and extraocu-
lar dysmotility resolved.
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Table 14.6  Summary of the Literature Review for the Radiosurgical Management of Parasellar Meningiomas

Year Author Patients (N)  Mean follow-up (mo)  Actuarial tumor control (%) Complications (%)
1997 Chang et al 55 48 98 (2y) 4
2000 Roche et al 80 30.5 93 (5y) 3.8
2002 Nicolato et al 138 48.5 97 (5y) 1
2002 Lee et al 159 35 93 (5/10) 6.9
2002 Spiegelmann et al 42 38 97.5 (3/7y) 7.1
2003 Iwai et al 43 49 92 (5y) 0
2004 Selch 45 36 97.4 (3y) 2.2
2005 Pollock et al 49 58 100 (1) 14
2007 Hasegawa et al 115 62 94 and 92 (5/10y) 12
2008 Han (2) 63 77 90 (5y) 15.9
2009 Kimball et al 49 50 100 and 98 (5/10 y) 2
2009 Takanashi 38 52 95.5 0
2010 U Virginia experience 138 84 95and 71 (5/10y) 10
Total/Average 1014 95.3 6.1

(1) Two patients underwent surgical resection for worsening symptoms 20 and 25 months after radiosurgery.

(2) Includes all skull base meningiomas and 12 cavernous sinus meningiomas.

for longer periods of time will either progress or decrease
in size, whereas tumors with shorter follow-up remain
constant in size.?2139

For patients with atypical and malignant meningiomas,
SRS affords a much lower rate of tumor control.'#!-'%4 [n
one study by Kano and colleagues, a margin dose exceed-
ing 20 Gy to WHO grades 2 and 3 meningiomas was found
to yield a higher chance of tumor control.'*! In general,
SRS, like other treatment tools including resection, radio-
therapy, and brachytherapy, offers a reasonable but far
from perfect rate of local and distant tumor control for
WHO grades 2 and 3 meningiomas. A higher margin dose
should be delivered to the tumor during radiosurgery
whenever possible.

Adverse Events

Cranial neuropathies were the most frequently observed
adverse event (0-10%). These typically were secondary to
tumor progression rather than to radiation-induced dam-
age.!10-138 This compares favorably with the reported range
of 18 to 41% following microsurgical resection.®>-19%14> Fac-
tors demonstrating an association with cranial neuropathy
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Intracavitary Radiation for Cystic
Craniopharyngiomas

L. Dade Lunsford, Ajay Niranjan, Hideyuki Kano, Peter Kang, and Douglas Kondziolka

Despite the major advances of skull base microsurgical
techniques, as well as expanded endoscopic techniques,
craniopharyngiomas continue to be difficult to remove
totally with acceptable morbidity. Ideally, surgical tech-
niques result in total removal, maintenance of visual func-
tion, sparing of endocrinologic loss, and absence of delayed
recurrence. Even when feasible, radical resection continues
to be associated with unsatisfactory long-term outcomes,
often because of residual neurobehavioral disorders, cog-
nitive impairment, the long-term need for replacement
hormone therapy, and hypothalamic obesity.

Realizing the morbidity of surgical techniques for cra-
niopharyngioma in the early 1950s, both Leksell et al and
Wycis et al proposed the implantation of a B-emitting iso-
tope into cystic craniopharyngiomas.'? Isotope implanta-
tion was designed to lead to slow involution of the cyst
wall by delivery of a tumoricidal dose to the thin epithe-
lial layer of the cyst. Since that time, selected pioneers
in Europe have continued to apply the instillation of ra-
dioactive isotopes into craniopharyngioma cysts. Efforts
in Europe, especially in Stockholm under the direction of
Erik-Olof Backlund, demonstrated that intracavitary ir-
radiation provides an effective and safe technique in the
management of cystic craniopharyngiomas.>-> Leksell and
Backlund used both radioactive phosphorus 32 (in col-
loidal chromic solution) and yttrium 90.' In the United
States, the unavailability of *°Y has led to the primary use
of 3?P. Stereotactic insertion of the isotope with fine-nee-
dle technique is critical.

¢ Rationale for Intracavitary Irradiation

The treatment of cystic brain tumors using radioactive iso-
topes is based on the concept that continued cyst enlarge-
ment is the result of secretion from the thin epithelial cyst
layer. Most craniopharyngiomas in fact have solid compo-
nents, and subsequently develop cystic changes over the
course of time. The cyst gradually enlarges like a bubble
blown off a piece of bubblegum. By the time of clinical
presentation, the cyst may range in volumes as small as
1 mL to as large as 126 mL. Depending upon its location
and volume, the enlarging cyst results in endocrine loss,

progressive visual dysfunction, and neurocognitive and in-
tellectual deficits.

Intracavitary irradiation uses stereotactic precision to
puncture the cyst and instill the isotope volume designed
to deliver 180 to 250 Gy of radiation over five half-lives of
the isotope.®-® Because the half-life of 32P is 14 days, it takes
~70 days to deliver the full isotope effect. As a pure  emit-
ter, the falloff of radiation from the decay of the isotope is
very steep. The radiation dose falls off in accordance with
the inverse square law, which refers to the fact that reduc-
tion in activity is proportional to 1 divided by the square
of the distance from the source. The half-value tissue pen-
etrance of 3?P is 0.9 mm, indicating that most of the radia-
tion effect by far is delivered within several millimeters of
the cyst wall. Implantation of the isotope leads to a “coat-
ing out” of the internal cyst wall and slow delivery of the
radiobiological effect of the 32P decay. This dose range ap-
pears to be sufficient to lead to cyst involution in the vast
majority of cases. Long-term outcome studies from mul-
tiple centers are now available to demonstrate the benefit
of intracavitary management of cystic craniopharyngio-
mas. Because current magnetic resonance imaging (MRI)
confirms that most patients have solid and cystic tumors,
many will require multimodality management. Successful
strategies require cyst control, solid tumor management
by microsurgery or endoscopic surgery, and stereotactic
radiosurgery.®'® A combination of such techniques may be
best to achieve the best outcomes for patients with these
strategically located tumors capable of producing visual,
endocrinologic, and cognitive dysfunction.

¢ |Initial Experience

After the primary author returned from his Van Wagenen-
sponsored fellowship at the Karolinska Institute in 1981, an
initial, cautious trial of the role of intracavitary radiosurgery
was pursued at the University of Pittsburgh Center for Im-
age-Guided Neurosurgery. In the 28-year interval from 1980
to 2003, 61 patients with craniopharyngioma (33 males and
28 females) underwent intracavitary radiation after the ini-
tial diagnosis or recognition of a recurrent craniopharyngio-
ma.® All patients had their tumor confirmed initially (before
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1991) with computed tomography (CT) and with magnetic
resonance imaging (MRI) afterward. The ages of the patients
in this initial experience ranged from 4 to 74 years (mean,
28 years), and the calculated cyst volumes ranged from 1.8
to 126 mL. All patients underwent preoperative endocri-
nologic assessment, visual acuity and formal visual field
examinations, and overall neurologic assessment. The ma-
jority of the patients had undergone multiple prior surgical
procedures, including one or more craniotomies and trans-
sphenoidal resection, and seven patients had had ventricu-
loperitoneal shunts placed for hydrocephalus management.
Fractionated external beam radiation therapy, the role of
which has declined over the last 10 years, had been previ-
ously administered to 11 patients.

¢ Stereotactic Technique for Intracavitary
Irradiation

We select patients with monocystic or multicystic cranio-
pharyngiomas. After review of the preoperative CT scan
or MRI, we can estimate the cyst volume for the nuclear
pharmacist. Using a simple calculation, t/6 x (X x Y x Z), we
determine the volume of an oblate spheroid. X, Y, and Z are
the diameters of the lesion in the three cardinal planes; x
denotes multiplication. The nuclear pharmacist orders col-
loidal chromic phosphate 2P in a stock solution dose. This
is assayed on the day of delivery and reassayed on the day
of the operation. If the cyst volume is less than 20 cm?, the
suspension is usually diluted with a 30% glucose solution
to facilitate delivery of the isotope.

Fig. 15.1 In the transfrontal stereotactic approach to a suprasel-
lar cystic craniopharyngioma, the twist drill craniostomy is placed
near the coronal suture, and fine-needle technique (0.9-mm outer-
diamenter needle) is used to puncture the cyst (as depicted in a
drawing by Erik-Olof Backlund, a pioneer in stereotactic techniques
and disciple of Lars Leksell).

All patients are brought to the operating room for the
surgical procedure, which is done under mild conscious
sedation. The Leksell Model G stereotactic head frame
(Elekta Instruments, Stockholm, Sweden) is attached to
the patient’s head with the use of local anesthesia. High-
resolution axial CT (2.5-mm configured axial slices, 512
x 512 matrix) is performed with a dedicated intraopera-
tive CT scanner in our image-guided operating room suite.
The cyst area in square centimeters is calculated on each
slice by tracing the cyst volume after intravenous iodin-
ated contrast is administered. The sum of each slice is then
multiplied by the slice thickness (2.5 mm) to calculate the
cystic tumor volume in cubic centimeters. The calculated
cyst volume is called to the nuclear pharmacist, who pre-
pares the isotope and calculates the volume of P32 neces-
sary to provide a dose of 180 to 250 Gy over five half-lives
(~70 days).

The patient is advanced through the opening of the CT
scanner, and the head is prepared with alcohol and draped.
A frontal coronal suture twist drill craniostomy is per-
formed with the arc attached at the chosen X, Y, and Z coor-
dinates for a central puncture of the cyst. The trajectory is
plotted in advance to reduce the number of pial transgres-
sions and, when feasible, the ventricular entry. The target
point is usually 7 to 10 mm inferior to the dorsal margin of
the cyst, as it is sometimes necessary to puncture the cyst
sharply and depress the cyst briefly before the 0.9-mm-
outer-diameter sharp-tipped needle is inserted into the
center of the cyst (Fig. 15.1). The 0.9-mm sharp-tipped
needle is passed through a 15-cm stabilizing cannula af-
ter closed-skull percutaneous twist drill craniostomy and
puncture of the dura. Once the target is reached, the sty-
let is removed and a three-way stopcock is attached (Fig.
15.2). Using a tuberculin syringe, we generally withdraw
1 mL of cyst fluid. A neuropathologist examines the fluid
with polarized light microscopy to detect cholesterol crys-
tals. Two tuberculin syringes are attached to the three-way
stopcock (Fig. 15.3). The nuclear pharmacist and the radia-
tion safety officer deliver the calculated volume of 32P, usu-

Fig. 15.2 Once the target is reached, the fine-needle stylet is re-
moved and a three-way stopcock is attached to the needle hub. A
tuberculin syringe is used to withdraw generally 1 mL of cyst fluid,
which is sent to neuropathology to assess for the presence of choles-
terol crystals under polarized light microscopy.



15 Intracavitary Radiation for Cystic Craniopharyngiomas 231

P-32 Instillation for
Cystic Neoplasms

Saline
0.2 ml

Fig. 15.3 Phosphorus 32 is injected into the cyst after attachment
of a tuberculin syringe containing the predetermined amount of
isotope, designed to deliver 250 Gy to the internal cyst wall over
five half-lives of isotope decay (70 days). The isotope and cyst fluid
are mixed by a barbotage method of withdrawal and the injection
repeated five or more times. After this, 0.2 mL of sterile saline is
injected via the other stopcock port to clear the needle of remaining
isotope. The needle and stopcock are cleared of the isotope by the
radiation safety officer, and that activity is subtracted from the cal-
culated amount delivered to provide a final isotope volume.

ally in the range of 0.6 to 0.8 mL. The isotope contained in
the syringe is injected through the stopcock into the cyst,
and a barbotage method is used to ensure mixture. After
this, the residual isotope is flushed out of the needle with
0.2 mL of sterile saline.

The goal is to restore the cyst volume to that of the origi-
nal calculation. Collapse of the cyst induces a potential for
internal wrinkling, which may suboptimally cause areas of
the wrinkled cyst wall to receive an insufficient therapeutic
dose of the B-emitting isotope. After the final isotope injec-
tion, the residual activity of 32P (as well as all instruments
and supplies used) is assayed by the nuclear pharmacist. Any
activity is subtracted from the dose administered to the pa-
tient. Using our intraoperative CT, we do an immediate post-
operative head scan and usually observe a small air bubble
at the anterior margin of the cyst (the patients are supine on
the CT scanner table). All patients are kept in the hospital for
a one-night stay. In our experience, the mean radiation dose
delivered is 224 Gy (range, 189-250 Gy to the cyst wall). The
median cyst volume is 7.0 cm? (range, 2.0-20 cm?).

¢ Follow-up

Clinical follow-up and imaging are obtained from each pa-
tient and the referring physicians. When possible, patients
are contacted by telephone to determine their long-term
outcomes. CT or MRI studies are normally performed at 3
months after the procedure and at quarterly intervals dur-
ing the first year. In the next 5 years, they are requested an-
nually. Formal neuro-ophthalmologic evaluations, as well
as periodic endocrinologic assessments, are also performed.

& Results

In this review of 61 patients treated before 2008, 12 of the
61 patients eventually died as a result of tumor progression
and eight were lost to follow-up (Table 15.1). The mean
follow-up interval after diagnosis was 82 + 14 months (47
+ 8 months after intracavitary irradiation). Actuarial sur-
vival rates after diagnosis were 90% at 5 years and 80% at
10 years. We noted a trend toward increased survival in
children younger than 16 years of age. Among 53 patients
who had long-term follow-up, treatment with 3?P intracav-
itary irradiation was considered to have failed in eight. The
results of cyst response after intracavitary irradiation are
shown in Table 15.2. In 15 patients with predominantly
mono- or multicystic tumors, 80% of the tumors became
smaller after treatment. In 37 patients with mixed solid
and cystic tumors, 65% of the tumors became smaller after
treatment. Cystic control was not associated with the pa-
tient’s sex or age, tumor type (ie, mono- or multicystic tu-
mor, mixed tumor with solid components), primary versus

Table 15.1 Patient Characteristics

No.
patients Percentage
Characteristics (N=61) (%)
Sex Male 33 54
Female 28 46
Age Mean 28
Range 3-74
Adults 38 62
Children 23 38
Prior treatment ~ No treatment 29 48
Craniotomy 26 43
RT 13 21
Aspiration 4 7
CHT 1 2
Initial symptom  Headache 38 62
Visual disturbance 28 46
Lethargy 12 20
Nausea 13 21
Memory 4 7
disturbance
Amenorrhea 4 7
Obesity 3 5
Growth reduction 2 3
Galactorrhea 1 2
Mental disorder 1 2
Seizure 1 2
NA 3 5

Abbreviations: CHT, intracavitary chemotherapy with bleomycin; NA, not
available; RT, fractionated radiation therapy.
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Table 15.2  Tumor Cyst Response after Phosphorus 32
Intracavitary Irradiation

No. (%)
Mono- or multicystic ~ Mixed cystic/solid
Response (n=15) (n=37)
Disappeared 3 (20%) 5 (14%)
Decreased 9 (60%) 19 (51%)
Unchanged 1(7%) 4(11%)
Increased 2 (13%) 9 (24%)

adjuvant treatment, cyst volume, radiation dose, preopera-
tive visual acuity or field, or preoperative pituitary func-
tion. During follow-up, six patients developed new cystic
tumors. Illustrative cases of tumor reduction are shown
(Figs. 15.4 and 15.5).

¢ Additional Treatment

Among the 53 patients with long-term follow-up, treat-
ment with intracavitary radiation failed in eight. Seventeen
patients (32%) required additional cyst aspiration after in-
tracavitary irradiation because of persistent symptoms re-
lated to larger cyst volume (Fig. 15.6). The median interval
between intracavitary irradiation and additional cyst aspi-
ration was 0.5 months (range, 0.2-18 months). Early cyst
decompression is especially important in patients with
progressive optic neuropathy. Although spontaneous cyst
regression is the rule, it may take several months. Early
cyst aspiration at 2 to 6 weeks after implantation may be
necessary to achieve the best early response. In such pa-
tients, the procedure is repeated with stereotactic tech-
nique. After cyst puncture with fine-needle technique, we
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gently aspirate approximately one-half of the calculated
volume. We assay the fluid to make sure that no signifi-
cant isotope has been removed. Even if planned reaspira-
tion is performed within 2 weeks of the 3?P instillation, a
relatively small percentage of isotope can be recovered as it
presumably adheres to the internal cyst wall.

¢ (Clinical Response

Among our patients who underwent primary management
with intracavitary irradiation for a monocystic craniopha-
ryngioma, 48% had improved visual acuity and 52% had
improved visual fields. Among patients who were treated
as part of a multimodality strategy (intracavitary irradia-
tion was an adjuvant strategy), 28% had improved visual
acuity and 25% had improved visual fields (Tables 15.3 and
15.4). Three patients developed the new onset of visual ab-
normalities despite documented tumor regression. One of
these patients underwent stereotactic radiosurgery to the
solid component of the residual tumor. In these patients,
visual dysfunction was thought to be related to a poten-
tially adverse effect of 3P irradiation.

¢ Endocrinologic Response

Among patients treated with primary monocystic intra-
cavitary irradiation, 52% continue to have normal pituitary
function, but 48% have had one or more axes of pituitary
function loss. In the adjuvant treatment group, only 19% of
patients had preserved endocrine function before the pro-
cedure, and 81% had documented loss of pituitary function
in one or more axes. Three patients developed pituitary
dysfunction as a consequence of cystic recurrence. Four
patients developed diabetes insipidus after treatment with
32P intracavitary radiation.

Fig. 15.4 Coronal gadolinium-enhanced MRI obtained in a 14-year-old boy with a cystic craniopharyngioma, intrasellar and suprasellar in
location, compressing the overlying optic apparatus at the time of stereotactic P32 intracavitary irradiation as initial treatment (left). Coronal
gadolinium-enhanced MRI obtained three months after stereotactic P32 irradiation, revealing reduction in the cystic tumor (center). Coronal
gadolinium-enhanced MRI obtained three years after P3? irradiation, revealing complete cyst regression (right).
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Fig. 15.5 Sagittal and coronal gadolinium-enhanced MRI obtained
in a 5-year-old boy with a mixed solid and cystic craniopharyngioma,
intrasellar and suprasellar in location, compressing the overlying op-
tic apparatus at the time of stereotactic intracavitary irradiation as
an initial treatment (top). Sagittal and coronal gadolinium-enhanced
MRI obtained 2 years after stereotactic irradiation, revealing marked
reduction in the cystic portion of the tumor (bottom).

¢ Other Complications

In our total 28-year experience, only one patient devel-
oped an early postoperative complication. A patient with
a mixed multicystic and solid craniopharyngioma un-
derwent multiple endoscopic skull base procedures but
developed a tumor cyst of the third ventricle. Before the
planned procedure, the cyst spontaneously ruptured into
the ventricle and decompressed. However, within a mat-
ter of months, the cyst re-formed, and intracavitary ste-
reotactic irradiation was performed. Several days after

V P Shunt

Resection

Radiosurgery  Cyst Aspirations

. Number of procedures prior to Phosphorus 32
. Number of procedures after Phosphorus 32

this procedure, the patient was readmitted with head-
ache, low-grade fever, stiff neck, and cerebrospinal fluid
(CSF) pleocytosis. No radioactivity was confirmed in the
CSF. The patient had an aseptic meningitic reaction that
resolved with corticosteroids. This patient has undergone
additional surgical procedures followed by gamma knife
stereotactic radiosurgery.>'°

¢ Discussion

Patients who are eligible for radical gross total resection
of a craniopharyngioma may have the best long-term
response in terms of tumor control.''-'® However, such
patients often pay a significant price that may include
endocrinologic, cognitive, behavioral, and visual difficul-
ties.?%?! Craniopharyngiomas remain one of the most dif-
ficult tumors for neurosurgeons to manage. For patients,
the side effects of surgery are often significant. Because of
the attachment of these tumors to critical neurovascular,
endocrine, and visual structures, patients are often unable
to undergo radical resection with an acceptable morbidity.
For most of these patients, multimodality management,
administered over the course of years, is frequently neces-
sary.'®?? The options for craniopharyngioma management
include fractionated radiation therapy,? cyst management
with intracavitary irradiation, intracystic chemotherapy
with bleomycin,?-?® endoscopic resection, and, more re-
cently, phase I trials with interferon.

Because craniopharyngiomas frequently are detected
in childhood, we generally try to withhold conventional
fractionated radiation therapy, even when it can be ad-
ministered with modern techniques of image-guided
radiation therapy.? Intracavitary irradiation with 3P is
an additional tool for treating patients with cystic cra-
niopharyngiomas. Using modern imaging techniques, we
find that most patients have a solid, small tumor compo-
nent with one or more cysts arising from it. Intracavitary
irradiation provides symptomatic cyst control in a high
percentage of patients, but it does not solve the ultimate
progression of the solid component of the tumor. It also
does not prevent the formation of new tumor cysts. In

Fig. 15.6 Surgical procedures before
and after P32 intracavitary irradiation in
patients with cystic craniopharyngio-
ma. In a comparison of the numbers of
procedures performed before and after
intracavitary radiation, the number of
additional procedures tended to de-
crease after intracavitary radiation.

Radiation Therapy
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Table 15.3 Preoperative Visual and Endocrine Function
No. patients (%)

Table 15.4 Postoperative Visual and Endocrine Function
No. patients (%)

Primary Adjuvant Primary Adjuvant
treatment treatment treatment treatment
Characteristics (n=29) (n=32) Characteristics (n=29) (n=32)
Visual acuity Visual acuity
Normal 17 (59%) 12 (38%) Normal 15 (52%) 9 (28%)
Decreased 10 (34%) 8 (25%) Decreased 7 (24%) 11 (34%)
Blind 0 (0%) 10 (31%) Delayed worsening 5(17%) 5 (16%)
NA 2 2 NA 2 7
Visual field Visual field
Normal 8 (28%) 10 (31%) Normal 16 (55%) 8 (25%)
Field cut 18 (62%) 21 (66%) Unchanged 5(17%) 10 (31%)
NA 3 1 Delayed worsening 6 (21%) 7 (22%)
Endocrine function NA 2 7
Normal 15 (52%) 6 (19%) Endocrine function
Stalk effect? 4 (14%) 0 (0%) Normal 11 (38%) 4 (13%)
Partial® 5(17%) 9 (28%) Stalk effect? 0 (0%) 0 (0%)
Panhypopituitarism 4 (14%) 15 (47%) Partial® 6 (21%) 5 (16%)
Diabetes insipidus 4 (14%) 18 (56%) Panhypopituitarism 10 (34%) 17 (53%)
NA 2 2 Diabetes insipidus 8 (28%) 15 (47%)
Abbreviation: NA, not available. NA 2 6

Patients with increased prolactin.
bPatients with deficiency of one to three anterior pituitary hormones.

such patients, repeat surgery or stereotactic radiosurgery
may be necessary.*!°

The continuing goals for the management of craniopha-
ryngioma include preservation of visual and endocrine
function and reduction in the risk for delayed cognitive
dysfunction. Intracavitary irradiation with 32P has more
than a 60-year history and remains a valuable tool. The use
of this tool requires training and expertise, as emphasized
by Leksell et al' and Backlund.? Access to pure  emitters is
critical to the successful continued management of tumor
cysts when they develop. The need for delayed stereotac-
tic aspiration with precise frame-based imaging guidance,
especially when tumors are wrapped around critical vas-
cular and optic nerve structures, is critical.
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Among the sellar and parasellar tumors that may be
amenable to treatment with chemotherapy are pituitary
carcinomas, craniopharyngiomas, germ cell tumors, chor-
domas, plasmacytomas, meningiomas, and primary cen-
tral nervous system (CNS) lymphomas of the pituitary.
Even though these tumors all together account for a very
small fraction of intracranial neoplasms, they deserve spe-
cial attention because of their location, which may result
in endocrine and visual disturbances.

¢ Pituitary Carcinomas

Pituitary carcinomas are extremely rare and aggressive
tumors, accounting for only 0.1 to 0.2% of all pituitary tu-
mors.'-* The hallmark of these tumors is concomitant me-
tastasis, either outside the CNS or in noncontiguous foci
within the CNS.

The mainstay of the treatment of pituitary carcinoma
remains surgery, with either conventional or focused adju-
vant radiation therapy modalities that have been well dis-
cussed in other chapters of this book. However, when the
tumor is a carcinoma, disease generally progresses despite
these interventions. Cytotoxic chemotherapy is usually
employed as a last resort, and several single case reports
and small series of pituitary carcinomas treated with che-
motherapy have been published?#-'® (Table 16.1).

¢ Temozolomide

Temozolomide (TMZ) is an imidazotetrazine derivative
that acts as a DNA-methylating agent. It is absorbed rap-
idly after oral administration and crosses the blood-brain
barrier.?? TMZ in addition to radiation therapy is the stan-
dard treatment for glioblastoma (GBM).2'?> The effect of
TMZ depends on methylation of a specific guanine in DNA.
MGMT (O-6-methylguanine-DNA methyltransferase) is
a DNA repair enzyme removing the alkyl group from the
guanine.?>?* A high level of expression of MGMT in glio-
mas implicates a poor response to TMZ.2*> McCormack et
al, analyzing MGMT expression in 88 pituitary tumor sam-
ples, found low MGMT expression in only 13% of the cases
and did not find a significant difference between MGMT

expression in invasive and noninvasive tumors, or in recur-
rent and nonrecurrent tumors.?

TMZ is usually administered at a dose of 200 mg/m? per
day for 5 days in cycles of 28 days, as for high-grade glio-
mas. Recently, a multicenter Phase II study by the Spanish
Neuro-Oncology Group using extended-schedule dose-
dense TMZ in refractory gliomas (85 mg/m? per day for 21
consecutive days in 28-day cycles until disease progres-
sion or unacceptable toxicity) showed activity deserving
further evaluation in larger cohorts.?® The rationale for the
protracted schedule is the continuous depletion of MGMT,
enhancing the cytotoxicity of TMZ.?728

Fadul et al in 2004 reported in abstract form two cases
of pituitary carcinoma that responded partially to TMZ.
The first patient, who had a prolactin-secreting tumor, re-
ceived 10 cycles of TMZ with reduction of prolactin levels
and control of pain caused by metastasis to the cervical
and thoracic spine; treatment was stopped secondary to
persistent fatigue. The second patient, who had a nonse-
creting pituitary carcinoma and local invasion plus mul-
tiple drop metastases to the cervical and thoracic spinal
cord, received 12 cycles of TMZ with improvement of vi-
sual fields and magnetic resonance imaging (MRI) showing
reduction of the metastasis volume until treatment was
discontinued secondary to lymphopenia.?® Also in 2004,
Zhu et al reported the successful use of TMZ in a patient
with refractory malignant prolactinoma.*

Another reported case summarized the course of a
72-year-old man who had a prolactin-secreting pituitary
carcinoma treated with TMZ during 24 months, with stabili-
zation of his prolactin levels, marked reduction of the size of
the cerebellopontine angle and cervical metastatic deposits,
and a remarkable functional recovery.’' Kovacs et al reported
a case of a prolactin-secreting pituitary carcinoma treated
with TMZ with decrease of serum prolactin levels and clini-
cal improvement.>? Kovacs et al also demonstrated hemor-
rhage, necrosis, fibrosis, and shrinkage in the tumor after
TMZ treatment. Neuronal transformation was also seen, a
process described in various tumor types including pitu-
itary adenomas, mainly growth hormone (GH)-producing
tumors.®>3* The cause of the neuronal transformation is un-
known, and the authors believe that TMZ may act similarly
to nerve growth factor, causing neuronal metaplasia, which
is the transformation of pituitary tumor cells to nerve cells.



Table 16.1

Single Case Reports and Small Series of Pituitary Carcinomas Treated with Chemotherapy before Temozolomide

Tumor/
Reference hormone Site of metastases Chemotherapy Outcome
Kaiser et al, 1983 ACTH Liver, lung, mediastinum, ilium,  Cyclophosphamide + Adriamy- Disease control
hip, sacral and lumbar spine cin + 5-FU (5 cycles)
Vaughan et al, 1985 ACTH Invasive ACTH Procarbazine + VP + CCNU (12  Disease control
weeks)
Hashimoto et al, 1986 GH Left occipital lobe, pons, both Cisplatin + vinblastine + No response
cerebellopontine angles, spinal bleomycin (3/52)
cord
Kasperlik-Zaluska et al, 1987 GH Invasive, not malignant Doxorubicin + CCNU (4 cycles) Disease control
Asai et al, 1988 GH Right frontal lobe Methotrexate + 5-FU Follow-up of 2 years, no
recurrence
Nawata et al, 1990 ACTH Liver, lung, olfactory bulb Mitotane + carmofur Disease progression, death with-
(derivative of 5- FU) in 4 months of chemotherapy
Petterson et al, 1992 PRL Frontal lobe, lateral ventricle, CCNU + procarbazine + VP Initial response but then dis-
cerebellopontine angle, left ease progression
vertebral artery
Walker et al, 1993 PRL Liver, lungs, hilar nodes CCNU + 5-FU + folinic acid Disease progression, death
within a month
Walker et al, 1993 PRL Thoracic and lumbar vertebrae, CCNU + 5-FU + folinic acid Disease progression, death
femur within weeks
Mixson et al, 1993 TSH Base of brain, lung, liver, 5-FU + Adriamycin + Initial response but death with-
abdominal cavity, bone cyclophosphamide in 5 months of treatment
Beauchesne et al, 1995 FSH Thoracic and lumbar spine, VP-16 + cisplatin Disease progression
lymph nodes, frontal lobe
Gollard et al, 1995 PRL Recurrence in transsphenoidal Cisplatin + VP (2 cycles) Alive 20 months after initial
surgery tracts, lymph nodes, Procarbazine + CCNU + vincris-  presentation
ovary, uterus tine (2 cycles) + tamoxifen
Pernicone et al, 1997 PRL Oral submucosa, ovaries, Cisplatin + procarbazine + No response
myometrium, lymph nodes CCNU + vincristine
Pernicone et al, 1997 PRL Spinal subarachnoid Cisplatin + procarbazine + No response, died within 15
CCNU + vincristine months
Pernicone et al, 1997 Null cell Femur, liver Cisplatin + procarbazine + No response, death within 4
CCNU + vincristine years
Kaltsas et al, 1998 GH Extension to right cavernous CCNU + 5-FU (2 cycles) Alive 5 years after initiation of
sinus chemotherapy
Kaltsas et al, 1998 PRL Pituitary fossa, liver, lungs CCNU + 5-FU (2 cycles) Death 4 weeks after liver me-
tastases noted (3 months after
initiation of chemotherapy)
Kaltsas et al, 1998 PRL Pituitary fossa, thoracic and CCNU + 5-FU (1 cycle) Death 5 months after spi-
lumbar spine nal metastases noted (6
months after initiation of
chemotherapy)
Kaltsas et al, 1998 PRL Frontal lobe, parietal lobe, CCNU + 5-FU (6 cycles) Death 11 months after CNS
left orbit Carboplatin (5 cycles) metastases noted (11 years
Carboplatin (3 cycles) after chemotherapy)
5-FU/INF-a (8 cycles)
Carboplatin/INF-a (4 cycles)
Kaltsas et al, 1998 ACTH Thoracic spine, liver CCNU + 5-FU (6 cycles) Death 18 months after spinal
Carboplatin (6 cycles) metastases noted (3 years af-
DTIC (2 cycles) ter chemotherapy)
Kaltsas et al, 1998 PRL Retrosellar and brainstem CCNU + 5-FU (2 cycles) Death from other cause (6
extensions months after initiation of
chemotherapy)
Kaltsas et al, 1998 ACTH Pituitary fossa, both cavernous CCNU + 5-FU (4 cycles) Alive 4 years after initiation of
sinuses Carboplatin + 5-FU (6 cycles) chemotherapy
McCutcheon et al, 2000 FSH/ LH Left cavernous sinus, left frontal ~ Cyclophosphamide + Adriamy- Died of fungal septicemia 9

lobe, Meckel’s cave, petrous apex

cin + diethyltriazinoimidazole
+ carboxamide (7 cycles)

months after last resective
surgery (17 months after dis-
covery of dural metastasis)

Abbreviations: ACTH, adrenocorticotropic hormone; CCNU, lomustine; DTIC, dacarbazine; FSH, follicle-stimulating hormone; 5-FU, 5-fluoroura-
cil; GH, growth hormone; INF, interferon; LH, luteinizing hormone; PRL, prolactin; TSH, thyroid-stimulating hormone; VP, etoposide.

Source: Adapted from Kaltsas et al.”
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Hagen et al reported two patients with invasive pituitary
macroadenoma and one patient with pituitary carcinoma
treated with TMZ who experienced a significant decrease
in tumor volume, hormone hypersecretion, and symp-
toms. All three patients were tested for MGMT expression;
this was negative in two patients, and only a few nuclei
stained positive in the third patient, potentially explaining
the favorable treatment response.?*

Neff et al reported a patient who had an invasive prolac-
tinoma treated with TMZ, with marked decrease and stabi-
lization of the prolactin levels and continuous tumor bulk
reduction on follow-up imaging over 26 cycles of TMZ.?>

Moyes et al reported a case of a patient with Nelson
syndrome, an aggressive ACTH-secreting macroadenoma,
in addition to high levels of ACTH and skin hyperpig-
mentation, treated successfully with TMZ. The ACTH lev-
els fell from 2472 to 389 pmol/L, and follow-up imaging
confirmed marked shrinkage of the tumor after 4 cycles
of TMZ.** Immunostaining was negative for MGMT, again
perhaps explaining the favorable tumor response.

Mohammed et al published three cases of aggressive
pituitary macroadenomas treated with TMZ. The first
two patients had ACTH-secreting macroadenomas of the
Crooke’s cell variant, and the third patient harbored GBM
with an incidental pituitary tumor. The first two patients
had radiologic evidence of tumor shrinkage and clinical
improvement during treatment. One of these patients had
a diagnosis of Nelson syndrome. The third patient under-
went radiation therapy and TMZ for GBM, and pituitary
tumor reduction was also noticed on follow-up scans, with
collapse of the suprasellar component into the sella de-
spite the sellar area not having been included in the radia-
tion treatment field.>’

Recently, Thearle et al reported a patient with an invasive
ACTH-secreting macroadenoma who failed conventional
treatment and developed rapid tumor growth leading to
the compromise of multiple cranial nerves. This patient
was treated with a combination of TMZ and capecitabine
(Xeloda), with a marked tumor burden reduction and a de-
crease in ACTH levels of more than 90%. The tumor recurred
after 5 months with a hypermetabolic positron emission
tomography (PET) scan, suggesting transformation into a
more aggressive histology.*® Capecitabine is an oral che-
motherapeutic agent that is converted to 5-fluorouracil
(5-FU) in vivo by the enzyme thymidine phosphorylase.>®
5-FU is metabolized to 5-dUMP, which produces a defi-
ciency of thymidylate by inhibiting thymidylate synthase
(TS). This leads to a decrease in DNA synthesis and inhibi-
tion of cell division by reducing the conversion of UMP to
dTMP by TS, leading to thymidylate deficiency. TMZ causes
DNA damage at any point in the cell cycle through base
pair mismatch of O-6-methylguanine with thymidine in
the sister chromatid instead of cytosine, which arises be-
cause the mismatch repair enzymes misread the methyl-
ated guanine as an adenosine and place thymidine in the
sister chromatid. The basis of the use of capecitabine for 10
days before the addition of TMZ is that decreased thymi-
dine levels intracellularly accentuate the mismatch repair
process leading to a break in DNA, which is a potent stimu-
lus for apoptosis.?®3?

Bush et al reported a retrospective series of seven pa-
tients with aggressive pituitary tumors treated with TMZ.4°
MGMT promoter methylation and MGMT expression in 14
surgical specimens from these seven patients were com-
pared and correlated with the clinical response to TMZ.
Clinically significant tumor reduction was observed in two
patients, a 20% tumor reduction in one, stable disease in
three, and progressive metastatic disease in one patient.
The DNA promoter site for MGMT was unmethylated,
and variable amounts of MGMT expression were seen in
all 14 specimens. The authors could not find any correla-
tion between MGMT expression and clinical outcomes but
concluded that TMZ is a valuable alternative in the man-
agement of aggressive pituitary tumors.

Laws et al in 2003 published the results of a Phase I study
of transsphenoidal post-resection implantation of Gliadel
wafers in nine patients with aggressive pituitary adeno-
mas.*! Gliadel is a polymer wafer impregnated with BCNU
(bis-chloroethyl-nitrosurea), an alkylating agent, designed
to capitalize on the concept of delivering local treatment
to brain tumors, avoiding the toxic effects of systemic
treatment and bypassing the blood-brain barrier.#>4* Three
patients were disease-free after a mean follow-up of 19
months, two had stable residual disease, one had disease
progression, two patients died secondary to disease pro-
gression, and one died because of a stroke. The study con-
cluded that Gliadel implantation into the sella turcica for
aggressive pituitary tumors is safe.*! No further studies of
this agent in pituitary adenomas have been reported.

With respect to ongoing studies, presently there is one
Phase II study evaluating the safety and efficacy of TMZ in
the treatment of invasive pituitary tumors (NCT00601289).
In addition, there is one study investigating the use of lapa-
tinib in slowing the growth rate of pituitary tumors. Lapa-
tinib is an FDA-approved drug used to treat breast cancer
and has been shown to inhibit both epidermal growth fac-
tor receptor (EGFR) and erbB2 tyrosine kinases, which are
overexpressed in pituitary adenomas.

¢ Craniopharyngiomas

Craniopharyngiomas are benign tumors of the sellar and
parasellar region that may be solid, cystic, or a combination
of the two. Their treatment poses a challenge because the
tumors are difficult to completely resect, and recurrence,
even in instances of presumed gross total resection, is com-
mon. Craniopharyngiomas are the most common suprasel-
lar tumor in the pediatric age group and the most common
nonglial primary intracranial tumor in children.#44

The treatment of craniopharyngiomas is multidisci-
plinary, involving surgical resection by craniotomy or the
transsphenoidal route, fractionated radiation therapy, and
radiosurgery for residual tumor.* In patients with pri-
marily cystic tumors, recurrent tumors, and/or tumors
with a difficult surgical approach, and in young patients,
for whom postponing more aggressive treatment such as
radiation therapy or surgery is desirable, the use of intra-
cavitary bleomycin has a role.*s Bleomycin, an antibiotic
produced from the fungus Streptomyces verticillus, induces
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single-strand and double-strand DNA breaks.*6-4¢ The dou-
ble-strand breaks and resulting loss of chromosome frag-
ments probably account for bleomycin cytotoxicity.464°

Takahashi et al in 1985 reported the first seven cases of
craniopharyngiomas treated with intracavitary bleomycin
administered through an Ommaya reservoir inserted into
the cyst.”® Among these patients, those with cystic tumors
had a better outcome than the ones with solid or combi-
nation lesions.>® This initial publication was supported by
several others.>!-60

Hargrave in 2006, analyzing the data of those publica-
tions, found that stable disease (stable cyst volume reduc-
tion) was achieved in 57% of the patients, with an obviously
better response seen in cystic craniopharyngiomas. The
median dose of bleomycin was 5 mg (2-15 mg). Seventy-
one percent of the patients received 3 doses per week (1-7
doses); the median number of doses was 8 (1-30). The me-
dian cumulative dose was 53 mg (5-150 mg).5' The major
side effects directly attributed to bleomycin were head-
aches (42%), fever (36%), nausea and vomiting (21%), en-
docrine manifestations (16%), somnolence (15%), infarct/
hemorrhage (10%), personality changes, vision changes
(7%), and hearing problems, seizures, and death related to
bleomycin therapy (1%).5!

Hukin et al recently reported the Canadian experience
with intracystic bleomycin.®* Seventeen patients were re-
ported, of whom 12 were treated at the time of diagnosis
and five at recurrence. Five patients achieved a complete
response and six a partial response, and five had a minor
response to intracystic bleomycin. The treatment proto-
col varied between centers, with most following a thrice-
weekly regimen. The course of treatment averaged 4 weeks
(range, 2-15 weeks), and the median dose per course was
36 mg (range, 15-75 mg). The median dose per instilla-
tion was 3 mg (range, 2-5 mg), and the median dose per
week was 9 mg (range, 4-20 mg). In a single injection, the
median drug concentration within the cyst was 0.09 mg/
mL per dose (range, 0.01-2 mg/mL per dose). The median
follow-up was 4 years (range, 0.5-10.2 years), and the me-
dian progression-free survival (PFS) was 1.8 years (range,
0.3-6.1 years). Observed complications included transient
symptomatic peritumoral edema in two patients, preco-
cious puberty in one patient, and panhypopituitarism in
two patients.

Bleomycin is a neurotoxic drug; if leakage occurs, severe
complications may develop, such as hypothalamic toxicity
causing hypersomnia, personality changes, memory im-
pairment, and thermal dysfunction,’® and even death.””

Lactate dehydrogenase (LDH) activity in craniopha-
ryngioma fluid is elevated typically to ~3000 units, and
the LDH isoenzyme pattern shows elevation of L4 and L5
fractions. Repeated injection of bleomycin causes a grad-
ual clearing of the motor oil-colored cystic fluid, with a
decrease in LDH activity (<1000 units), and the L4 and L5
fractions show a flat pattern.>¢

Laws et al treated one patient who had craniopharyn-
gioma with Gliadel placement after transsphenoidal tu-
mor resection. This patient had previously undergone
three transsphenoidal resections, one craniotomy, and one
gamma knife radiosurgery; at recurrence, the patient was
treated with a new transsphenoidal tumor resection and

placement of three Gliadel wafers. After 6 months of fol-
low-up, no tumor recurrence was seen.*!

Jakacki et al reported a Phase II evaluation of systemic
interferon alfa-2a (IFN-o-2a) in patients with progressive
and/or recurrent craniopharyngiomas.5* The rationale for
using I[FN-a-2a is that the drug shows activity against squa-
mous cell skin carcinoma, which is believed to have the
same embryologic origin as craniopharyngioma.s>5¢ [FNs
exert antitumor activity through direct antiproliferative,
cytotoxic, and maturational effects, and they also modulate
the immune response.®46768 [FN-a-2a was administered in
a dose of 8 million units (MU) per square meter daily for 16
weeks (induction phase), followed by the same dose three
times per week for 32 weeks (maintenance phase). Fifteen
patients received the drug, but only 12 could be followed
with imaging. Radiologic response was seen in three pa-
tients with predominantly cystic tumors.

Intratumoral IFN-o was used in nine patients, with com-
plete disappearance of the tumor in seven and partial re-
duction in two. Mean follow-up was 1 year and 8 months
(range, 1-3.5 years), and the doses ranged from 18 to 36
MU. The most frequent side effects of [FN-o are fatigue, fe-
ver, weight loss, loss of appetite, and behavioral changes.*

IFN-o, also seems to reduce the size of cystic cranio-
pharyngiomas by activating the Fas apoptotic pathway.
Twenty-one patients with cystic craniopharyngiomas re-
ceived intracystic IFN-o; the tumor size of all patients and
the apoptotic factor soluble FasL (sFasL) concentration in
eight patients were monitored. A complete response (tu-
mor reduction) was observed in 11 patients (52.4%), a
partial response in seven (33.3%), and a minor response
in three (14.3%). The concentration of sFasL was increased
in all eight patients, and it was examined concomitantly
with tumor reduction. The mean follow-up was 27 months
(range, 6 months to 4 years). Two patients underwent sur-
gical resection, and tumor removal was easier than in the
ones who had received chemotherapy preoperatively.*

¢ Pituitary Lymphomas

Although particularly rare, primary central nervous system
lymphomas (PCNSLs) arising from the sellar and parasel-
lar region are one of the causes of hypothalamic-pituitary
dysfunction.” In a series of 1120 patients with pituitary
tumors resected via the transsphenoidal route, only one
case (0.1%) was diagnosed as a pituitary lymphoma.” In
another series of 353 patients with pituitary masses, pitu-
itary lymphoma was found in one case (0.3%).”2 The major-
ity of PCNSLs are B-cell lymphomas, and besides acquired
immunodeficiency syndrome (AIDS) and other immuno-
deficiency conditions, lymphocytic hypophysitis and pi-
tuitary adenomas have been implicated as risk factors for
pituitary lymphomas.”

The treatment of PCNSL traditionally combines whole-
brain radiation therapy (WBRT) and chemotherapy with
methotrexate (MTX) alone or in combination with other
agents. MTX is a folate antagonist and has limited penetra-
tion in the CNS because of its high degree of ionization at a
physiologic pH; high doses (>3.5 g/m?) are used to achieve
cytotoxic intratumoral concentrations.”* We extrapolate
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the treatment of PCNSL anywhere in the CNS to lesions
arising in the sellar and parasellar areas.

Several combination regimens of WBRT and MTX are as-
sociated with reasonable response rates.”>-8° The combina-
tion of MTX, procarbazine, and vincristine (MPV) followed
by WBRT and cytarabine after radiation is associated with
an overall response rate of 91%, a PFS of 24 months, and
an overall survival of 36.9 months.?' In another important
study, rituximab, a chimeric monoclonal antibody against
the protein CD20, which is primarily found on the surface
of B cells, was tested with MPV followed by a lower dose
of WBRT (23.4 Gy for patients who had complete response
to chemotherapy or 45 Gy for patients who did not have a
complete response).”” The overall response rate was 93%,
and the 2-year median PFS rate was 57%. No treatment-
related neurotoxicity was observed. The authors con-
cluded that the addition of rituximab to MPV (R-MPV)
increased the risk for significant neutropenia requiring
routine growth factor support, that additional cycles of R-
MPV nearly doubled the complete response rate, and that
reduced-dose WBRT was not associated with neurocogni-
tive decline.

Chemotherapy protocols without WBRT were designed
to avoid the delayed cognitive effects associated with radi-
ation therapy, particularly in patients older than 60 years
of age and in those with underlying vascular risk factors,
with radiation therapy reserved for an eventual relapse.’
Intravenous MTX alone, 8 g/m?, was used in 25 patients,
with a complete response achieved in 52% of the patients, a
median PFS of 12.8 months, and a median overall survival
of 55.4 months.??$3 Interestingly, 5 of 25 patients in this
trial treated with MTX alone achieved a complete response
and, after a median follow-up of 6.8 years, had not had
a relapse. Several other drugs, including rituximab, have
been added to MTX therapy in regimens that do not in-
clude WBRT,?4#> with the intent to achieve a more durable
response.

The blood-brain barrier can limit the diffusion of MTX
into brain and tumor. The blood-brain barrier can be dis-
rupted with the use of osmotic agents (ie, mannitol), en-
hancing drug delivery to the tumor. A multicenter analysis
of 149 patients treated with blood-brain barrier disruption
and intra-arterial MTX over 23 years showed an overall re-
sponse rate of 81.9% (57.8% complete response), a median
overall survival of 3.1 years (25% estimated survival at 8.5
years), a median PFS of 1.8 years, a 5-year PFS rate of 31%,
and a 7-year PFS rate of 25%.%% Focal seizures (9.2%) were
the most frequent side effect, and no long-term sequelae
were reported. The study concluded that tumor con-
trol and outcomes were comparable or superior to those
achieved with other PCNSL treatment regimens.

Intrathecal chemotherapy is reserved for patients with
concomitant leptomeningeal lymphoma, although prospec
tive®7-89 and retrospective®! studies indicate that intrathe-
cal chemotherapy does not improve outcomes in patients
who received MTX-based therapy.”” Additionally, some
studies indicate that systemic MTX eradicates neoplastic
cells from the cerebrospinal fluid (CSF).°2°> Other aspects
should be taken into consideration before intrathecal che-
motherapy is started, including the risks for complications
of Ommaya reservoir placement, chemical meningitis, drug

leakage outside the CNS, and infection. Several clinical tri-
als have included intrathecal chemotherapy.’s798485

Patients with relapse of PCNSL after an initial response
to therapy have a median survival of ~4.5 months, posing a
challenge to the clinician. WBRT alone is associated with a
radiographic response in 74 to 79% of patients, with a me-
dian survival after radiation of 10.9 to 16 months; patients
younger than 60 years of age tend to perform better.” Sev-
eral chemotherapeutic agents have been used for relapsed
PCNSL. Intraventricular rituximab is an alternative for pa-
tients who did not receive it as an initial therapy.®* A trial
comparing intraventricular rituximab and intraventricular
MTX in patients with relapsed PCNSL is ongoing.

¢ Germ Cell Tumors

Primary intracranial germ cell tumors account for 1% of all
primary brain tumors in adults and are divided into five
types: germinomas (65%), teratomas (18%), embryonic
carcinomas (5%), choriocarcinomas (5%), and endodermal
sinus tumors (7%).°>% Germinomas are more often located
in the suprasellar region than in the pineal region.”’

Germinomas are extremely radiosensitive tumors; pa-
tients have 5-year survival rates of more than 90% with ra-
diation therapy alone.?-'°! In contrast, tumors containing
nongerminomatous malignant elements are less radiosen-
sitive; studies including radiation therapy with or without
chemotherapy show a 5-year survival rate of 20 to 76%.10>-104

Results of the Third International CNS Germ Cell Tumor
Study, designed to demonstrate the efficacy of a chemo-
therapy-only protocol in avoiding the additional morbid-
ity caused by radiation therapy of germ cell tumors, were
recently published.!® Twenty-five patients with newly di-
agnosed germ cell tumors were treated with one of two
risk-tailored chemotherapy regimens. Regimen A con-
sisted of 4 to 6 cycles of carboplatin/etoposide alternating
with cyclophosphamide/etoposide for patients who had
low-risk localized germinoma with normal CSF and se-
rum tumor markers. Regimen B consisted of 4 to 6 cycles
of carboplatin/cyclophosphamide/etoposide for patients
who had intermediate-risk germinoma, positivity for hu-
man chorionic gonadotropin B (HCG-B) and/or CSF HCG-
below 50 mIU/mL, and high-risk biopsy-proven nonger-
minomatous malignant elements or elevated serum/CSF
o-fetoprotein and/or serum/CSF HCG-$ above 50 mIU/mL.
The 6-year event-free and overall survival rates were 45.6%
and 75.3%, respectively. The study concluded that chemo-
therapy-alone regimens are less effective than regimens
including radiation therapy. The authors recommended
radiation therapy, either alone or with chemotherapy, as
the standard treatment for pure germinomas and radiation
plus chemotherapy for tumors with nongerminomatous
malignant elements.

¢ Chordomas

Chordomas are very rare tumors that arise from the rem-
nants of the embryonic notochord; they are characterized
by slow growth, a long natural history, frequent local re-
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currences, and an axial skeleton location (sacrum, skull
base, and spine). They are considered low-grade malig-
nancies, but they have the capacity to metastasize to dis-
tant organs. Chordomas were diagnosed in 10 patients in a
series of 1120 sellar masses treated with transsphenoidal
surgery.”!

Classically, the treatment of skull base chordomas con-
sists of surgery to reduce tumor volume and, if possible, es-
tablish a safety margin for irradiation between the tumor
and neurovascular structures. This is followed by some
form of radiation therapy or stereotactic radiosurgery.!%61%7

Historically, chemotherapy has not played a role in the
treatment of chordomas, and reports of tumor responses
to anthracyclines, cisplatin, and alkylating agents have
been anecdotal. In rare instances, chordomas can trans-
form into high-grade sarcomas, becoming a potential tar-
get for chemotherapy.’®

Recently, a strong expression of EGFR and C-met (mes-
enchymal-epithelial transition factor) was reported in a
series of 12 chordomas.'®® In addition, platelet-derived
growth factor receptor f (PDGFR-B) was overexpressed in a
series of 31 chordomas.'® Because chordomas seem to ex-
press EGFR and PDGFR, these tumors may be amenable to
treatment with currently available targeted therapy. Sev-
eral cases of the successful use of imatinib and erlotinib,
tyrosine kinase inhibitors, have reported.!!0-12

¢ Meningiomas

Meningiomas are one of the more common brain tumors
in adults. About 90% of them are World Health Organiza-
tion (WHO) grade 1 (benign), 5 to 7% are WHO grade 2
(atypical), and only 3% are WHO grade 3 (malignant or
anaplastic).!3

Historically, the gold standard treatment for meningio-
mas has been complete surgical resection. Chemotherapy
is reserved for more aggressive tumors, recurrent tumors,
or those localized in areas of difficult surgical approach;
it is also used after radiation therapy when other options
have been exhausted. Although chemotherapy is some-
times useful, reliable, effective agents are lacking and re-
main an area of investigation.

Chamberlain reported a series of 14 patients who had
malignant meningiomas treated with adjuvant chemo-
therapy that included cyclophosphamide, Adriamycin, and
vincristine (CAV); the patients showed a modest improve-
ment in survival when compared with patients treated
with surgery alone.'"In a prospective Phase I study of TMZ
in 16 patients with refractory meningiomas, no patient
demonstrated PFS at 6 months; therefore, the study was
terminated, and the conclusion was that TMZ is ineffec-
tive in meningiomas.'’ In a study investigating the MGMT
promoter methylation status in 36 meningiomas, none of
the specimens showed MGMT gene promoter methylation,
providing a rationale for TMZ ineffectiveness.!

Twelve patients with recurrent postoperative residual
masses or inoperable meningiomas were treated with INF-
o and followed with PET. In five patients treated from 9
months to 8 years, INF-o. seemed to be an effective onco-
static drug, deserving of further studies.!”

Irinotecan (CPT-11), a topoisomerase I inhibitor, demon-
strated growth-inhibiting effects in primary meningioma
cultures and in malignant cell lines in vitro and in vivo, but
the drug proved ineffective in a Phase II study.!'81°

Several successful reports of hydroxyurea, an oral ribo-
nucleotide reductase inhibitor against meningiomas, have
been published.'?°-12> Schrell at al, after demonstrating that
hydroxyurea inhibits growth of cultured human meningi-
oma cells and meningioma transplants in nude mice by in-
ducing apoptosis,'?* reported a successful outcome in four
patients who had recurrent and/or unresectable menin-
giomas treated with hydroxyurea.'? In another study, of
21 patients with recurrent and progressive meningiomas
treated with fractionated three-dimensional conformal
radiation therapy and concurrent hydroxyurea, disease
stabilization was achieved in 14 patients (66%). Progres-
sion-free survival rates at 1 and 2 years were 84% and 77%
respectively.'?! A Phase II study to further evaluate the role
of hydroxyurea in meningiomas (SWOG-59811) has been
completed, but the results have not yet been reported.

PDGF and its receptor PDGFR are frequently co-expressed
in meningiomas. A Phase II study of imatinib mesylate (a
PDGEFR inhibitor) for recurrent meningiomas accrued 23
patients (13 with benign, five with atypical, and five with
malignant meningiomas), of whom 22 were eligible. Over-
all median PFS was 2 months (0.7-34 months), and the
6-month PFS rate was 29.4%. For benign meningiomas, me-
dian PFS was 3 months (1.1-34 months), and the 6-month
PFS rate was 45%. For atypical and malignant meningio-
mas, median PFS was 2 months (0.7-3.7 months), and the
6-month PFS rate was zero. Imatinib was well tolerated
but did not show any significant activity against recurrent
meningiomas.!26

Meningiomas also overexpress EGFR. Based on this
observation, a Phase II study with the EGFR inhibitors
gefitinib and erlotinib for recurrent meningiomas was
conducted. The study accrued 25 patients. Sixteen patients
(64%) received gefitinib, and nine patients (36%) received
erlotinib. Eight patients (32%) had benign tumors, nine
(36%) atypical meningiomas, and eight (32%) malignant
meningiomas. No objective imaging responses were seen,
but eight patients (32%) maintained stable disease. The
study concluded that although well tolerated, neither gefi-
tinib nor erlotinib appears to be effective against recurrent
meningiomas.'?’

Clinical trials of treatments for recurrent meningiomas,
including target therapies with bevacizumab (a monoclon-
cal antibody against vascular endothelial growth factor
[VEGF]), sorafenib, sunitinib, and vatalanib (targets VEGFR
and PDGFR), are under way.

¢ Plasmacytomas

Intrasellar plasmacytomas are rare and can mimic non-
functional pituitary adenomas clinically and radiologi-
cally. Plasmacytomas can progress to multiple myeloma,
or multiple myeloma can be diagnosed simultaneously.'?

Traditionally, plasmacytomas have been treated with
surgery and radiation therapy for local or residual disease.
Chemotherapy is added for systemic myeloma treatment.
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Sinnott et al, in a review of 22 cases of intrasellar plasma-
cytomas reported in the literature, found that radiation
therapy was administered to the sellar lesion in 71% of the
patients after surgery and systemic chemotherapy was ad-
ministered to 29% of the patients following the diagnosis of
multiple myeloma.!??

Patients undergoing chemotherapy for multiple my-
eloma comprise two groups: those who are candidates for
autologous hematopoietic cell transplantation (HCT) and
those who are not candidates for HCT.

In patients who were not candidates for HCT, three ran-
domized trials demonstrated superior PFS in those treated
with melphalan, prednisone, and thalidomide (MPT) ver-
sus patients treated with melphalan and prednisone.!?-132
Bortezomib, melphalan, and prednisone (VMP) are an al-
ternative to MPT.!33134

In patients who are candidates for HCT, induction chemo-
therapy with thalidomide and dexamethasone is the standard

References

1. Ragel BT, Couldwell WT. Pituitary carcinoma: a review of the lit-
erature. Neurosurg Focus 2004;16(4):E7
2. Pernicone PJ, Scheithauer BW, Sebo TJ, et al. Pituitary carcinoma:
aclinicopathologic study of 15 cases. Cancer 1997;79(4):804-812
3. Kaltsas GA, Nomikos P, Kontogeorgos G, Buchfelder M, Grossman
AB. Clinical review: Diagnosis and management of pituitary car-
cinomas. ] Clin Endocrinol Metab 2005;90(5):3089-3099
4. Asai A, Matsutani M, Funada N, Takakura K. Malignant growth
hormone-secreting pituitary adenoma with hematogenous
dural metastasis: case report. Neurosurgery 1988;22(6 Pt 1):
1091-1094
5. Harris PE, Bouloux PM, Wass JA, Besser GM. Successful treatment
by chemotherapy for acromegaly associated with ectopic growth
hormone releasing hormone secretion from a carcinoid tumour.
Clin Endocrinol (Oxf) 1990;32(3):315-321
6. Walker JD, Grossman A, Anderson JV, et al. Malignant prolacti-
noma with extracranial metastases: a report of three cases. Clin
Endocrinol (Oxf) 1993;38(4):411-419
7. Kaiser FE, Orth DN, Mukai K, Oppenheimer JH. A pituitary para-
sellar tumor with extracranial metastases and high, partially
suppressible levels of adrenocorticotropin and related peptides. ]
Clin Endocrinol Metab 1983;57(3):649-653
8. Vaughan NJ, Laroche CM, Goodman I, Davies M], Jenkins JS. Pitu-
itary Cushing’s disease arising from a previously non-functional
corticotrophic chromophobe adenoma. Clin Endocrinol (Oxf)
1985;22(2):147-153
9. Hashimoto N, Handa H, Nishi S. Intracranial and intraspinal dis-
semination from a growth hormone-secreting pituitary tumor.
Case report. ] Neurosurg 1986;64(1):140-144
10. Kasperlik-Zaluska AA, Wislawski ], Kaniewska ], Zborzil ],
Frankiewicz E, Zgliczynski S. Cytostatics for acromegaly. Marked
improvement in a patient with an invasive pituitary tumour.
Acta Endocrinol (Copenh) 1987;116(3):347-349
11.  Nawata H, Higuchi K, Ikuyama S, et al. Corticotropin-releasing
hormone- and adrenocorticotropin-producing pituitary carcino-
ma with metastases to the liver and lung in a patient with Cush-
ing’s disease. ] Clin Endocrinol Metab 1990;71(4):1068-1073
12. Petterson T, MacFarlane IA, MacKenzie JM, Shaw MD. Prolactin
secreting pituitary carcinoma. ] Neurol Neurosurg Psychiatry
1992;55(12):1205-1206
13. Mixson A], Friedman TC, Katz DA, et al. Thyrotropin-secreting pi-
tuitary carcinoma. J Clin Endocrinol Metab 1993;76(2):529-533
14. Beauchesne P, Trouillas ], Barral F, Brunon ]. Gonadotropic pi-
tuitary carcinoma: case report. Neurosurgery 1995;37(4):810-
815, discussion 815-816
15. Kaltsas GA, Mukherjee JJ, Plowman PN, Monson JP, Grossman AB,
Besser GM. The role of cytotoxic chemotherapy in the manage-

treatment.'3>13¢ Lenalidomide (a thalidomide analogue) com-
bined with dexamethasone seems to be an alternative and is
highly effective and well tolerated.'” Bortezomib with dexa-
methasone is also a well-tolerated and effective alternative.'8

The term hematopoietic cell transplantation indicates
transplantation of progenitor (stem) cells from any source
(eg, bone marrow, peripheral blood, cord blood), and HCT
may be the only treatment with a chance of producing
cure.

& Conclusion

Although not a first-line treatment for most sellar and para-
sellar tumors, chemotherapy remains a valuable option for
selected patients. The histology, grade, and behavior of the
tumor will shape the decision to employ chemotherapy
and the type of agents used.

ment of aggressive and malignant pituitary tumors. J Clin Endo-
crinol Metab 1998;83(12):4233-4238

16. Gollard R, Kosty M, Cheney C, Copeland B, Bordin G. Prolactin-
secreting pituitary carcinoma with implants in the cheek pouch
and metastases to the ovaries. A case report and literature re-
view. Cancer 1995;76(10):1814-1820

17. McCutcheon IE, Pieper DR, Fuller GN, Benjamin RS, Friend KE, Ga-
gel RE. Pituitary carcinoma containing gonadotropins: treatment
by radical excision and cytotoxic chemotherapy: case report.
Neurosurgery 2000;46(5):1233-1239, discussion 1239-1240

18. Lopes MB, Scheithauer BW, Schiff D. Pituitary carcinoma: diag-
nosis and treatment. Endocrine 2005;28(1):115-121

19. Kaltsas GA, Grossman AB. Malignant pituitary tumours. Pitu-
itary 1998;1(1):69-81

20. Newlands ES, Stevens MF, Wedge SR, Wheelhouse RT, Brock C.
Temozolomide: a review of its discovery, chemical properties,
pre-clinical development and clinical trials. Cancer Treat Rev
1997;23(1):35-61

21. Stupp R, Mason WP, van den Bent M]J, et al; European Organi-
sation for Research and Treatment of Cancer Brain Tumor and
Radiotherapy Groups; National Cancer Institute of Canada Clin-
ical Trials Group. Radiotherapy plus concomitant and adjuvant
temozolomide for glioblastoma. N Engl ] Med 2005;352(10):
987-996

22. Mirimanoff RO, Gorlia T, Mason W, et al. Radiotherapy and te-
mozolomide for newly diagnosed glioblastoma: recursive parti-
tioning analysis of the EORTC 26981/22981-NCIC CE3 phase III
randomized trial. ] Clin Oncol 2006;24(16):2563-2569

23. Hegi ME, Diserens AC, Gorlia T, et al. MGMT gene silencing
and benefit from temozolomide in glioblastoma. N Engl ] Med
2005;352(10):997-1003

24. Hagen C, Schroeder HD, Hansen S, Hagen C, Andersen M. Temo-
zolomide treatment of a pituitary carcinoma and two pituitary
macroadenomas resistant to conventional therapy. Eur ] Endo-
crinol 2009;161(4):631-637

25. McCormack Al, McDonald KL, Gill AJ, et al. Low 06-methylgua-
nine-DNA methyltransferase (MGMT) expression and response
to temozolomide in aggressive pituitary tumours. Clin Endocri-
nol (Oxf) 2009;71(2):226-233

26. Berrocal A, Perez Segura P, Gil M, et al; GENOM Cooperative
Group. Extended-schedule dose-dense temozolomide in refrac-
tory gliomas. ] Neurooncol 2010;96(3):417-422

27. Tolcher AW, Gerson SL, Denis L, et al. Marked inactivation of O6-
alkylguanine-DNA alkyltransferase activity with protracted te-
mozolomide schedules. Br ] Cancer 2003;88(7):1004-1011

28. Baer JC, Freeman AA, Newlands ES, Watson A], Rafferty JA, Mar-
gison GP. Depletion of O6-alkylguanine-DNA alkyltransferase



16 Chemotherapy Options for Sellar and Parasellar Tumors 243

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

correlates with potentiation of temozolomide and CCNU toxicity
in human tumour cells. Br ] Cancer 1993;67(6):1299-1302
Fadul CE, Kominsky AL, Meyer LP, et al. Pituitary carcinomas re-
spond to temozolomide. Neuro-oncol 2004;6:374

Zhu Y, Shahinian H, Maya MM, Bonert V, Lim S, Heaney A. Te-
modar: novel treatment for pituitary carcinoma. The Endocrine
Society Annual Meeting 2004(138):43-45

Lim S, Shahinian H, Maya MM, Yong W, Heaney AP. Temozolo-
mide: a novel treatment for pituitary carcinoma. Lancet Oncol
2006;7(6):518-520

Kovacs K, Horvath E, Syro LV, et al. Temozolomide therapy in a
man with an aggressive prolactin-secreting pituitary neoplasm:
Morphological findings. Hum Pathol 2007;38(1):185-189
Horvath E, Kovacs K, Scheithauer BW, Lloyd RV, Smyth HS. Pitu-
itary adenoma with neuronal choristoma (PANCH): composite le-
sion or lineage infidelity? Ultrastruct Pathol 1994;18(6):565-574
Thodou E, Kontogeorgos G, Theodossiou D, Pateraki M. Mapping
of somatostatin receptor types in GH or/and PRL producing pitu-
itary adenomas. J Clin Pathol 2006;59(3):274-279

Neff LM, Weil M, Cole A, et al. Temozolomide in the treatment of
an invasive prolactinoma resistant to dopamine agonists. Pitu-
itary 2007;10(1):81-86

Moyes V], Alusi G, Sabin HI, et al. Treatment of Nelson’s syndrome
with temozolomide. Eur ] Endocrinol 2009;160(1):115-119
Mohammed S, Kovacs K, Mason W, Smyth H, Cusimano MD. Use
of temozolomide in aggressive pituitary tumors: case report.
Neurosurgery 2009;64(4):E773-E774; discussion E774

Thearle MS, Freda PU, Bruce ]N, Isaacson SR, Lee Y, Fine RL. Temo-
zolomide (Temodar(R)) and capecitabine (Xeloda(R)) treatment
of an aggressive corticotroph pituitary tumor. Pituitary 2009 Dec
4 [Epub ahead of print]

Amatori F, Di Paolo A, Del Tacca M, et al. Thymidylate synthase,
dihydropyrimidine dehydrogenase and thymidine phosphory-
lase expression in colorectal cancer and normal mucosa in pa-
tients. Pharmacogenet Genomics 2006;16(11):809-816

Bush ZM, Longtine JA, Cunningham T, et al. Temozolomide as an
adjuvant treatment for aggressive pituitary tumors: correlations
of clinical outcomes with DNA methylation and MGMT expres-
sion. J Clin Endo Metab 2010;95:280-290

Laws ER Jr, Morris AM, Maartens N. Gliadel for pituitary adeno-
mas and craniopharyngiomas. Neurosurgery 2003;53(2):255-
269, discussion 259-260

Brem H, Ewend MG, Piantadosi S, Greenhoot ], Burger PC, Sisti
M. The safety of interstitial chemotherapy with BCNU-loaded
polymer followed by radiation therapy in the treatment of
newly diagnosed malignant gliomas: phase I trial. ] Neurooncol
1995;26(2):111-123

Brem H, Mahaley MS Jr, Vick NA, et al. Interstitial chemotherapy
with drug polymer implants for the treatment of recurrent glio-
mas. ] Neurosurg 1991;74(3):441-446

Jane]JA]Jr,Laws ER. Craniopharyngioma. Pituitary 2006;9(4):323-326
Laws ER Jr, Jane JA Jr. Craniopharyngioma. ] Neurosurg Pediatr
2010;5(1):27-28, discussion 28-29

Linnert M, Gehl J. Bleomycin treatment of brain tumors: an eval-
uation. Anticancer Drugs 2009;20(3):157-164

Umezawa H, Ishizuka M, Maeda K, Takeuchi T. Studies on bleo-
mycin. Cancer 1967;20(5):891-895

Umezawa H, Maeda K, Takeuchi T, Okami Y. New antibiotics,
bleomycin A and B. ] Antibiot (Tokyo) 1966;19(5):200-209

Mir LM, Tounekti O, Orlowski S. Bleomycin: revival of an old
drug. Gen Pharmacol 1996;27(5):745-748

Takahashi H, Nakazawa S, Shimura T. Evaluation of postoperative
intratumoral injection of bleomycin for craniopharyngioma in
children. ] Neurosurg 1985;62(1):120-127

Alén JF, Boto GR, Lagares A, de la Lama A, G6mez PA, Lobato RD.
Intratumoural bleomycin as a treatment for recurrent cystic cra-
niopharyngioma. Case report and review of the literature. Neu-
rocirugia (Astur) 2002;13(6):479-485, discussion 485

Park DH, Park JY, Kim JH, et al. Outcome of postoperative intra-
tumoral bleomycin injection for cystic craniopharyngioma. ] Ko-
rean Med Sci 2002;17(2):254-259

Jiang R, Liu Z, Zhu C. Preliminary exploration of the clinical effect
of bleomycin on craniopharyngiomas. Stereotact Funct Neuro-
surg 2002;78(2):84-94

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Mottolese C, Stan H, Hermier M, et al. Intracystic chemotherapy
with bleomycin in the treatment of craniopharyngiomas. Childs
Nerv Syst 2001;17(12):724-730

Hader WJ, Steinbok P, Hukin ], Fryer C. Intratumoral therapy with
bleomycin for cystic craniopharyngiomas in children. Pediatr
Neurosurg 2000;33(4):211-218

Savas A, Arasil E, Batay F, Selcuki M, Kanpolat Y. Intracavitary
chemotherapy of polycystic craniopharyngioma with bleomycin.
Acta Neurochir (Wien) 1999;141(5):547-548, discussion 549
Savas A, Erdem A, Tun K, Kanpolat Y. Fatal toxic effect of bleomy-
cin on brain tissue after intracystic chemotherapy for a cranio-
pharyngioma: case report. Neurosurgery 2000;46(1):213-216,
discussion 216-217

Sagoh M, Murakami H, Hirose Y, Mayanagi K. Occlusive cere-
brovasculopathy after internal radiation and bleomycin therapy
for craniopharyngioma—case report. Neurol Med Chir (Tokyo)
1997;37(12):920-923

Cavalheiro S, Sparapani FV, Franco JO, da Silva MC, Braga FM. Use
of bleomycin in intratumoral chemotherapy for cystic cranio-
pharyngioma. Case report. ] Neurosurg 1996;84(1):124-126
Haisa T, Ueki K, Yoshida S. Toxic effects of bleomycin on the hy-
pothalamus following its administration into a cystic craniopha-
ryngioma. Br ] Neurosurg 1994;8(6):747-750

Hargrave DR. Does chemotherapy have a role in the manage-
ment of craniopharyngioma? ] Pediatr Endocrinol Metab
2006;19(Suppl 1):407-412

Hukin ], Steinbok P, Lafay-Cousin L, et al. Intracystic bleomycin
therapy for craniopharyngioma in children: the Canadian expe-
rience. Cancer 2007;109(10):2124-2131

Buckell M, Crompton MR, Robertson MC, Barnes GK. Lactate
dehydrogenase in cerebral cyst fluids; total activity and iso-
enzyme distributions as an index of malignancy. ] Neurosurg
1970;32(5):545-552

Jakacki RI, Cohen BH, Jamison C, et al. Phase II evaluation of in-
terferon-alpha-2a for progressive or recurrent craniopharyngio-
mas. ] Neurosurg 2000;92(2):255-260

Iki¢ D, Padovan [, Pipi¢ N, et al. Treatment of squamous cell carci-
noma with interferon. Int ] Dermatol 1991;30(1):58-61

Iki¢ D, Padovan I, Pipi¢ N, et al. Interferon therapy for basal cell
carcinoma and squamous cell carcinoma. Int ] Clin Pharmacol
Ther Toxicol 1991;29(9):342-346

Yates AJ, Stephens RE, Elder PJ, Markowitz DL, Rice JM. Effects of
interferon and gangliosides on growth of cultured human glioma
and fetal brain cells. Cancer Res 1985;45(3):1033-1039

Sen GC, Lengyel P. The interferon system. A bird’s eye view of its
biochemistry. ] Biol Chem 1992;267(8):5017-5020

lerardi DF, Fernandes M], Silva IR, et al. Apoptosis in alpha inter-
feron (IFN-alpha) intratumoral chemotherapy for cystic cranio-
pharyngiomas. Childs Nerv Syst 2007;23(9):1041-1046

Yasuda M, Akiyama N, Miyamoto S, et al. Primary sellar lym-
phoma: intravascular large B-cell lymphoma diagnosed as a
double cancer and improved with chemotherapy, and literature
review of primary parasellar lymphoma. Pituitary 2010;13(1):
39-47

Freda PU, Post KD. Differential diagnosis of sellar masses. Endo-
crinol Metab Clin North Am 1999;28(1):81-117

Gsponer ], De Tribolet N, Déruaz JP, et al. Diagnosis, treatment,
and outcome of pituitary tumors and other abnormal intrasellar
masses. Retrospective analysis of 353 patients. Medicine (Balti-
more) 1999;78(4):236-269

Da Silva AN, Lopes MB, Schiff D. Rare pathological variants and
presentations of primary central nervous system lymphomas.
Neurosurg Focus 2006;21(5):E7

Gerstner ER, Batchelor TT. Primary central nervous system lym-
phoma. Arch Neurol 2010;67(3):291-297

Ferreri AJ, Abrey LE, Blay ]Y, et al. Summary statement on primary
central nervous system lymphomas from the Eighth Internation-
al Conference on Malignant Lymphoma, Lugano, Switzerland,
June 12 to 15, 2002. ] Clin Oncol 2003;21(12):2407-2414
Ferreri AJ, Reni M, Foppoli M, et al; International Extranodal
Lymphoma Study Group (IELSG). High-dose cytarabine plus
high-dose methotrexate versus high-dose methotrexate alone
in patients with primary CNS lymphoma: a randomised phase 2
trial. Lancet 2009;374(9700):1512-1520



244 Sellar and Parasellar Tumors

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Shah GD, Yahalom ], Correa DD, et al. Combined immu-
nochemotherapy with reduced whole-brain radiotherapy
for newly diagnosed primary CNS lymphoma. ] Clin Oncol
2007;25(30):4730-4735

Poortmans PM, Kluin-Nelemans HC, Haaxma-Reiche H, et al;
European Organization for Research and Treatment of Cancer
Lymphoma Group. High-dose methotrexate-based chemothera-
py followed by consolidating radiotherapy in non-AlDS-related
primary central nervous system lymphoma: European Organi-
zation for Research and Treatment of Cancer Lymphoma Group
Phase II Trial 20962. ] Clin Oncol 2003;21(24):4483-4488
Gavrilovic IT, Hormigo A, Yahalom ], DeAngelis LM, Abrey LE.
Long-term follow-up of high-dose methotrexate-based therapy
with and without whole brain irradiation for newly diagnosed
primary CNS lymphoma. J Clin Oncol 2006;24(28):4570-4574
Abrey LE, Yahalom ], DeAngelis LM. Treatment for primary CNS
lymphoma: the next step. ] Clin Oncol 2000;18(17):3144-3150
DeAngelis LM, Seiferheld W, Schold SC, Fisher B, Schultz CJ; Ra-
diation Therapy Oncology Group Study 93-10. Combination che-
motherapy and radiotherapy for primary central nervous system
lymphoma: Radiation Therapy Oncology Group Study 93-10. ]
Clin Oncol 2002;20(24):4643-4648

Batchelor T, Carson K, O’Neill A, et al. Treatment of primary CNS
lymphoma with methotrexate and deferred radiotherapy: a re-
port of NABTT 96-07. ] Clin Oncol 2003;21(6):1044-1049
Gerstner ER, Carson KA, Grossman SA, Batchelor TT. Long-term
outcome in PCNSL patients treated with high-dose methotrexate
and deferred radiation. Neurology 2008;70(5):401-402

Pels H, Schmidt-Wolf IG, Glasmacher A, et al. Primary central
nervous system lymphoma: results of a pilot and phase II study
of systemic and intraventricular chemotherapy with deferred
radiotherapy. ] Clin Oncol 2003;21(24):4489-4495

Hoang-Xuan K, Taillandier L, Chinot O, et al; European Orga-
nization for Research and Treatment of Cancer Brain Tumor
Group. Chemotherapy alone as initial treatment for primary
CNS lymphoma in patients older than 60 years: a multicenter
phase II study (26952) of the European Organization for Re-
search and Treatment of Cancer Brain Tumor Group. ] Clin Oncol
2003;21(14):2726-2731

Angelov L, Doolittle ND, Kraemer DF, et al. Blood-brain barrier
disruption and intra-arterial methotrexate-based therapy for
newly diagnosed primary CNS lymphoma: a multi-institutional
experience. J Clin Oncol 2009;27(21):3503-3509

Glass J, Gruber ML, Cher L, Hochberg FH. Preirradiation metho-
trexate chemotherapy of primary central nervous system lym-
phoma: long-term outcome. ] Neurosurg 1994;81(2):188-195
Cher L, Glass ], Harsh GR, Hochberg FH. Therapy of prima-
ry CNS lymphoma with methotrexate-based chemotherapy
and deferred radiotherapy: preliminary results. Neurology
1996;46(6):1757-1759

Glass ], Shustik C, Hochberg FH, Cher L, Gruber ML. Therapy of
primary central nervous system lymphoma with pre-irradiation
methotrexate, cyclophosphamide, doxorubicin, vincristine, and
dexamethasone (MCHOD). ] Neurooncol 1996;30(3):257-265
Ferreri A, Reni M, Pasini F, et al. A multicenter study of treatment
of primary CNS lymphoma. Neurology 2002;58(10):1513-1520
Khan RB, Shi W, Thaler HT, DeAngelis LM, Abrey LE. Is intrathecal
methotrexate necessary in the treatment of primary CNS lym-
phoma? J Neurooncol 2002;58(2):175-178

Ferreri AJ, Reni M, Dell'Oro S, et al. Combined treatment with
high-dose methotrexate, vincristine and procarbazine, without
intrathecal chemotherapy, followed by consolidation radiother-
apy for primary central nervous system lymphoma in immuno-
competent patients. Oncology 2001;60(2):134-140
Guha-Thakurta N, Damek D, Pollack C, Hochberg FH. Intravenous
methotrexate as initial treatment for primary central nervous
system lymphoma: response to therapy and quality of life of pa-
tients. ] Neurooncol 1999;43(3):259-268

Rubenstein JL, Fridlyand ], Abrey L, et al. Phase I study of in-
traventricular administration of rituximab in patients with
recurrent CNS and intraocular lymphoma. ] Clin Oncol
2007;25(11):1350-1356

Jennings MT, Gelman R, Hochberg F. Intracranial germ-
cell tumors: natural history and pathogenesis. ] Neurosurg
1985;63(2):155-167

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Kyritsis AP. Management of primary intracranial germ cell tu-
mors. | Neurooncol 2010;96(2):143-149

Liang L, Korogi Y, Sugahara T, et al. MRI of intracranial germ-cell
tumours. Neuroradiology 2002;44(5):382-388

Ogawa K, Shikama N, Toita T, et al. Long-term results of radio-
therapy for intracranial germinoma: a multi-institutional ret-
rospective review of 126 patients. Int ] Radiat Oncol Biol Phys
2004;58(3):705-713

Maity A, Shu HK, Janss A, et al. Craniospinal radiation in the
treatment of biopsy-proven intracranial germinomas: twenty-
five years’ experience in a single center. Int ] Radiat Oncol Biol
Phys 2004;58(4):1165-1170

Merchant TE, Sherwood SH, Mulhern RK, et al. CNS germinoma:
disease control and long-term functional outcome for 12 chil-
dren treated with craniospinal irradiation. Int ] Radiat Oncol Biol
Phys 2000;46(5):1171-1176

Rogers SJ, Mosleh-Shirazi MA, Saran FH. Radiotherapy of lo-
calised intracranial germinoma: time to sever historical ties?
Lancet Oncol 2005;6(7):509-519

Ogawa K, Toita T, Nakamura K, et al. Treatment and prognosis of
patients with intracranial nongerminomatous malignant germ
cell tumors: a multiinstitutional retrospective analysis of 41 pa-
tients. Cancer 2003;98(2):369-376

Matsutani M; Japanese Pediatric Brain Tumor Study Group. Com-
bined chemotherapy and radiation therapy for CNS germ cell tu-
mors—the Japanese experience.] Neurooncol 2001;54(3):311-316
Aoyama H, Shirato H, Ikeda ], Fujieda K, Miyasaka K, Sawamura
Y. Induction chemotherapy followed by low-dose involved-field
radiotherapy for intracranial germ cell tumors. J Clin Oncol
2002;20(3):857-865

da Silva NS, Cappellano AM, Diez B, et al. Primary chemother-
apy for intracranial germ cell tumors: results of the third in-
ternational CNS germ cell tumor study. Pediatr Blood Cancer
2010;54(3):377-383

Casali PG, Stacchiotti S, Sangalli C, Olmi P, Gronchi A. Chordoma.
Curr Opin Oncol 2007;19(4):367-370

Yoneoka Y, Tsumanuma I, Fukuda M, et al. Cranial base chordo-
ma—long term outcome and review of the literature. Acta Neu-
rochir (Wien) 2008;150(8):773-778, discussion 778
Weinberger PM, Yu Z, Kowalski D, et al. Differential expression of
epidermal growth factor receptor, c-Met, and HER2/neu in chor-
doma compared with 17 other malignancies. Arch Otolaryngol
Head Neck Surg 2005;131(8):707-711

Tamborini E, Miselli F, Negri T, et al. Molecular and biochemi-
cal analyses of platelet-derived growth factor receptor (PDGFR)
B, PDGFRA, and KIT receptors in chordomas. Clin Cancer Res
2006;12(23):6920-6928

Singhal N, Kotasek D, Parnis FX. Response to erlotinib in a pa-
tient with treatment refractory chordoma. Anticancer Drugs
2009;20(10):953-955

Casali PG, Messina A, Stacchiotti S, et al. Imatinib mesylate in
chordoma. Cancer 2004;101(9):2086-2097

Casali PG, Stacchiotti S, Messina A, et al. Imatinib mesylate in 18
advanced chordoma patients. J Clin Oncol 2005;23(suppl):9012
Louis DN, Ohgaki H, Wiestler OD, et al. The 2007 WHO classifica-
tion of tumours of the central nervous system. Acta Neuropathol
2007;114(2):97-109

Chamberlain MC. Adjuvant combined modality therapy for ma-
lignant meningiomas. ] Neurosurg 1996;84(5):733-736
Chamberlain MC, Tsao-Wei DD, Groshen S. Temozolomide
for treatment-resistant recurrent meningioma. Neurology
2004;62(7):1210-1212

de Robles P, McIntyre ], Kalra S, et al. Methylation status of
MGMT gene promoter in meningiomas. Cancer Genet Cytogenet
2008;187(1):25-27

Mubhr C, Gudjonsson O, Lilja A, Hartman M, Zhang ZJ, Langstréom
B. Meningioma treated with interferon-alpha, evaluated with
[(11)C]-L-methionine positron emission tomography. Clin Can-
cer Res 2001;7(8):2269-2276

Gupta V, Su YS, Samuelson CG, et al. Irinotecan: a potential new
chemotherapeutic agent for atypical or malignant meningiomas.
J Neurosurg 2007;106(3):455-462

Chamberlain MC, Tsao-Wei DD, Groshen S. Salvage chemo-
therapy with CPT-11 for recurrent meningioma. ] Neurooncol
2006;78(3):271-276



16 Chemotherapy Options for Sellar and Parasellar Tumors

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Fuentes S, Chinot O, Dufour H, et al. Hydroxyurea treatment
for unresectable meningioma. Neurochirurgie 2004;50(4):
461-467

Hahn BM, Schrell UM, Sauer R, Fahlbusch R, Ganslandt O, Graben-
bauer GG. Prolonged oral hydroxyurea and concurrent 3D-confor-
mal radiation in patients with progressive or recurrent meningioma:
results of a pilot study. ] Neurooncol 2005;74(2):157-165

Newton HB, Scott SR, Volpi C. Hydroxyurea chemotherapy for
meningiomas: enlarged cohort with extended follow-up. Br ]
Neurosurg 2004;18(5):495-499

Mason WP, Gentili F, Macdonald DR, Hariharan S, Cruz CR, Abrey
LE. Stabilization of disease progression by hydroxyurea in pa-
tients with recurrent or unresectable meningioma. ] Neurosurg
2002;97(2):341-346

Schrell UM, Rittig MG, Anders M, et al. Hydroxyurea for treat-
ment of unresectable and recurrent meningiomas. I. Inhibition
of primary human meningioma cells in culture and in menin-
gioma transplants by induction of the apoptotic pathway. | Neu-
rosurg 1997;86(5):845-852

Schrell UM, Rittig MG, Anders M, et al. Hydroxyurea for treat-
ment of unresectable and recurrent meningiomas. II. Decrease in
the size of meningiomas in patients treated with hydroxyurea. ]
Neurosurg 1997;86(5):840-844

Wen PY, Yung WK, Lamborn KR, et al. Phase II study of imatinib
mesylate for recurrent meningiomas (North American Brain Tu-
mor Consortium study 01-08). Neuro-oncol 2009;11(6):853-860
Norden AD, Raizer J], Abrey LE, et al. Phase II trials of erlotinib or
gefitinib in patients with recurrent meningioma. ] Neurooncol
2010;96(2):211-217

Sinnott BP, Hatipoglu B, Sarne DH. Intrasellar plasmacytoma pre-
senting as a non-functional invasive pituitary macro-adenoma:
case report & literature review. Pituitary 2006;9(1):65-72
Palumbo A, Bertola A, Musto P, et al. Oral melphalan, prednisone,
and thalidomide for newly diagnosed patients with myeloma.
Cancer 2005;104(7):1428-1433

Palumbo A, Bringhen S, Caravita T, et al; Italian Multiple My-
eloma Network, GIMEMA. Oral melphalan and prednisone
chemotherapy plus thalidomide compared with melphalan

131.

132.

133.

134.

135.

136.

137.

138.

and prednisone alone in elderly patients with multiple my-
eloma: randomised controlled trial. Lancet 2006;367(9513):
825-831

Facon T, Mary ]Y, Hulin C, et al; Intergroupe Francophone du Myé-
lome. Melphalan and prednisone plus thalidomide versus mel-
phalan and prednisone alone or reduced-intensity autologous
stem cell transplantation in elderly patients with multiple my-
eloma (IFM 99-06): a randomised trial. Lancet 2007;370(9594):
1209-1218

Hulin C, Facon T, Rodon P, et al. Efficacy of melphalan and pred-
nisone plus thalidomide in patients older than 75 years with
newly diagnosed multiple myeloma: [FM 01/01 trial. J Clin Oncol
2009;27(22):3664-3670

Mateos MV, Hernandez JM, Hernandez MT, et al. Bortezomib
plus melphalan and prednisone in elderly untreated patients
with multiple myeloma: results of a multicenter phase 1/2 study.
Blood 2006;108(7):2165-2172

Mateos MV, Hernandez JM, Hernandez MT, et al. Bortezomib plus
melphalan and prednisone in elderly untreated patients with mul-
tiple myeloma: updated time-to-events results and prognostic fac-
tors for time to progression. Haematologica 2008;93(4):560-565
Rajkumar SV, Hayman S, Gertz MA, et al. Combination therapy
with thalidomide plus dexamethasone for newly diagnosed my-
eloma. ] Clin Oncol 2002;20(21):4319-4323

Rajkumar SV, Blood E, Vesole D, Fonseca R, Greipp PR; Eastern
Cooperative Oncology Group. Phase III clinical trial of thalido-
mide plus dexamethasone compared with dexamethasone alone
in newly diagnosed multiple myeloma: a clinical trial coordi-
nated by the Eastern Cooperative Oncology Group. ] Clin Oncol
2006;24(3):431-436

Gay F, Hayman SR, Lacy MQ, et al. Lenalidomide plus dexameth-
asone versus thalidomide plus dexamethasone in newly diag-
nosed multiple myeloma: a comparative analysis of 411 patients.
Blood 2010;115(7):1343-1350

Jagannath S, Durie BG, Wolf JL, et al. Extended follow-up of a
phase 2 trial of bortezomib alone and in combination with dexa-
methasone for the frontline treatment of multiple myeloma. Br ]
Haematol 2009;146(6):619-626

245






Index

Note: Page numbers followed by fand t indicate figures and tables, respectively.

A
Acromegaly
endocrine evaluation, 63
imaging, 129f
radiation therapy, 201-202
remission rates, 127-128
reoperation, 128
signs/symptoms, 126
stereotactic radiosurgery (SRS), 220, 221t
surgical management, 126-129
ACTH-producing microadenomas, imaging, 52f
Adenomas
imaging, 51-53, 52f, 180f, 217f
incidence, 124, 182f
radiation therapy, 200-201
surgical technique, 131-133
surgical treatment, 124-133
Adnexal system assessment, 119
Adriamycin, 241
Amsler grid test, 116, 117f
Anatomy
chondrosarcomas, 155-156
chordomas, 155-156
clinoidal meningiomas, 142
parasellar region, 8-29
sphenoid sinus, 13f
suprasellar and third ventricular region, 47f
tuberculum sellae meningiomas, 137
visual adnexal structures, 83, 85
visual afferent system, 67, 69
visual efferent system, 69, 83

Angiography, 71f, 72f, 97f, 102f, 103f, 107f, 146-147
Anterior clinoid process, relationship to parasellar

region, 35-36
Apoplectic adenomas, 58, 59f
Approaches, surgical

bifrontal, 194-195

cranio-orbitozygomatic (COZ)

for cavernous sinus meningiomas, 142-143

for clinoidal meningiomas, 143

electrode placement, 140f

lateral entry, 141-142, 141f

patient position, 139

reconstruction, 142

scalp incision, 140f

superior entry, 141, 141f

technique, 139-141
endoscopic endonasal, 178-179, 179f
endoscopic endonasal transclival, 180-181
endoscopic endonasal transtuberculum/

transplanum, 180
endoscopic single-nostril endonasal, 6f
frontotemporal, 2f
orbitozygomatic (0Z), 193-194, 193f, 194f
pterional, 150, 150f, 187-193, 188f, 189f, 190f, 191,
192f, 193f

subfrontal, 149-150, 149f, 195-196
sublabial transsphenoidal, 2f, 178
subtemporal, 1f, 150, 150f, 197
supraorbital, 137-138, 137f, 196-197

incision, 136f

for meningiomas, 135-139

technique, 135-137
transcallosal/transventricular, 151
transnasal transsphenoidal, 13f, 126
transsphenoidal, 127, 129, 151, 151f, 173

for pituitary adenomas, 131-133

See also Transsphenoidal surgery
transpterygoid, 182-183
See also Transcranial surgery

Arachnoid cysts, imaging, 55
Arterial relationships in parasellar region, 41-42
Astrocytomas, imaging, 53

247



248 Index

B

B-scan, 72f

Bleomycin, 238-239

Botulinum toxin (Botox) injections, 108
Brachytherapy, early uses, 4

C
Carboplatin, 240
Cavernous sinus
dissection of, 30f-32f, 33f-34f
invasion, patterns of, 53f
triangles, 40
Cavernous sinus meningiomas
cranio-orbitozygomatic approach (COZ), 142-143
endocrine evaluation, 142
incidence, 142
physical examination, 142
radiation therapy, 204-205
Chemotherapy
adriamycin, 241
bleomycin, 238-239
carboplatin, 240
for chondrosarcomas, 166
for chordomas, 240-241
for craniopharyngiomas, 238-239
cyclophosphamide, 240, 241
erlotinib, 241
etoposide, 240
gefitinib, 241
for germ cell tumors, 240
hematopoietic cell transplantation (HCT), 242
hydroxyurea, 241
imatinib, 241
interferon alfa-2a (IFN-a-2a), 239
intrathecal, 240
irinotecan (CPT-11), 241
for meningiomas, 241
methotrexate (MTX), 239-240
for pituitary carcinomas, 236, 237t
for pituitary lymphomas, 239-240
for plasmacytomas, 241-242
rituximab, 240
temozolomide (TMZ), 236, 238, 241
vincristine, 241
Chiasm, 42-45, 44f
Chondrosarcomas, 56, 57f
anatomy, 155-156
chemotherapy, 166
epidemiology, 155
imaging, 157-158, 157f
incidence, 155
pathology, 156
radiation therapy, 165, 166f, 208-210, 209t
recurrence, 165-166
signs/symptoms, 156
surgical approaches, 158-160, 161t
surgical outcomes, 163, 164t, 165

surgical technique, 160-163, 161f, 162f
surgical treatment, 155-167
Chordomas, 56, 57f
anatomy, 155-156
chemotherapy, 166
epidemiology, 155
imaging, 157-158, 157f, 159f, 183f
incidence, 155
pathology, 156
radiation therapy, 165, 166f, 208-210, 209t
recurrence, 165-166
signs/symptoms, 156
surgical approaches, 158-160, 161t
surgical outcomes, 163, 164t, 165
surgical technique, 160-163, 161f, 162f
surgical treatment, 155-167
Clinical target volume (CTV), 200
Clinoidal meningiomas
anatomy, 142
cranio-orbitozygomatic (COZ) approach, 143
imaging, 143
signs/symptoms, 143
three types, 143, 143f
Clival masses, differential diagnosis of, 159t
Color vision assessment, 115-116
Computed tomography (CT)
evaluation using, 50, 146, 157
images, 57f, 100f, 120f, 147f, 162f, 164t
Conchae, 11f, 12
Conformal radiation therapy (CRT), 199
Confrontation testing, 86, 97f, 116
Contrast sensitivity assessment, 116
Conventional fractionated external beam radiation
therapy (EBRT), 199
conformal radiation therapy (CRT), 199
indications, 200
intensity-modulated radiation therapy (IMRT), 199
Cortisol levels, postoperative, 125
Cranio-orbitozygomatic (COZ) surgical approach
for cavernous sinus meningiomas, 142-143
for clinoidal meningiomas, 143
electrode placement, 140f
lateral entry, 141-142, 141f
patient position, 139
reconstruction, 142
scalp incision, 140f
superior entry, 141, 141f
technique, 139-141
Craniopharyngiomas
diagnosis, 146-147
endocrinology, 147, 148t
epidemiology, 146
etiology/pathology, 145-146
imaging, 54, 146-147, 147f, 152-153, 181f, 182f
intercavitary radiation, 229-234
operative approaches, 148-149, 149t
pterional, 150, 150f



Index 249

subfrontal, 149-150, 149f
subtemporal, 150, 150f
transcallosal/transventricular, 151
transsphenoidal, 151
ophthalmologic evaluation, 104f-107f
postoperative care, 152
rate of occurrence, 145
radiation therapy, 203-204
recurrence, 152-153
reoperation, 153
signs/symptoms, 146
stereotactic radiosurgery (SRS), 230-231, 230f,
231f
subtypes, 145
surgical outcomes, 152-153
surgical treatment, 145-153
treatment strategies, 148
Cushing disease
endocrine evaluation, 61, 63
imaging strategy, 50, 51, 124, 125
radiation therapy, 202
stereotactic radiosurgery (SRS), 217-218, 219t
surgical management, 124
Cyclophosphamide, 240, 241
Cyclotron, 5, 5f

D
Dermoid cysts, imaging, 55-56
Diaphragma sellae meningiomas
supraorbital approach, 138-139
three types, 138-139, 139f
Diaphragma sellae, relationship to sella, 24
Dural relationships, to parasellar region, 36-38

E
Elster’s rule, 51
Endocrine evaluation
acromegaly, 63
cavernous sinus meningioma, 142
craniopharyngioma, 147, 148t
Cushing disease, 61-63
Rathke cleft cysts, 170-171, 171t
Endoscopic endonasal surgical approach, 6f, 178-179,
179f, 180-181
Endoscopic surgery, rise of, 5
Epidermoid cysts, imaging, 55-56, 55f
Erlotinib, 241
Esthesiometer, 99, 100f, 119
Etoposide, 240

F

Faden procedure, 108

Fractionation schedules, 199

Frontotemporal surgical approach, 2f

Fundus, 68f

Funduscopic examination, 70f, 75f, 76f, 79f, 81f, 89,
91f, 119, 120f

G
Gamma knife,
invention of, 5
postoperative plan, 163f
Gefitinib, 241
Germ cell tumors (germinoma), 56, 58f, 206-208, 207t
Goldmann bowl, 93, 94
Granular cell tumors, imaging, 53

H

Hematopoietic cell transplantation (HCT), 242

Hertel exophthalmometer, 98, 99f, 119

Hess screen, 84f, 94, 95f, 97f, 98f, 102f, 109f, 110f, 111f,
113f

Hormone deficiency, 61, 62

Hydroxyurea, 241

|
Imaging
acromegaly, 129f
ACTH-producing microadenomas, 52
adenomas, 51-53, 52f, 180f, 217f
arachnoid cysts, 55
astrocytomas, 53
chondrosarcomas, 157-158, 157f
chordomas, 157-158, 157f, 159f, 183f
clinoidal meningiomas, 143
craniopharyngiomas, 54, 146-147, 147f, 152-153,
181f, 182f
Cushing disease, 50, 51, 124, 125
dermoid cysts, 55-56, 55f
granular cell tumors, 53
intracranial hypotension, 56, 58f
lymphocytic adnohypophysitis (LAH), 56, 58f
lymphocytic infundibuloneurohypophysitis (LIN), 56
meningiomas, 56, 57f
neurosarcoid, 58f
pars intermedia cysts, 55
pituicytomas, 53
pituitary abscess, bacterial, 56
pituitary apoplexy, 56, 58
pituitary gland, 51
plenum sphenoidale meningiomas, 181f
primary lymphoma, 54
Rathke cleft cysts, 55, 55f, 171-172, 171f
schwannomas, 56, 57f, 183f
tuberculum sellae meningiomas, 138f
Imatinib, 241
Intensity-modulated radiation therapy (IMRT), 199
Intercavernous venous connections, relationship to
sella, 25-26, 25f
Interferon alfa-2a (IFN-a-2a), 239
Intracavitary radiation, for cystic craniopharyngiomas
additional treatment, 232
complications, 233
experiences, 229-230
follow-up, 231



250 Index

Intracavitary radiation, for cystic craniopharyngiomas
(continued)
rationale, 229
results, 231-234, 232f, 232t, 233f, 234t
stereotactic technique, 230-231, 230f, 231f
Intracranial hypotension, imaging, 56, 58f
Irinotecan (CPT-11), 241

L

Laryngoscope, video, 129f

Lymphocytic adenohypophysitis (LAH), imaging, 56,
58f

Lymphocytic infundibuloneurohypophysitis (LIN),
imaging, 56

M
Maddox rod, 93, 93f, 118-119
Magnetic resonance (MR) angiography, 146-147
Magnetic resonance imaging (MRI), 68f
3.0-Tesla, sella protocol for, 51t
diffusion-weighted imaging (DWI), 51, 55f
dynamic keyhole technique, 50, 53f
Elster’s rule, 51
evaluation using, 50-51
fluid-attenuated inversion recovery (FLAIR), 55
inferior petrosal sinus sampling (IPSS), 51, 125
normal anatomy, 50f
spoiled gradient (SPGR), 50
T1-weighted images (T1WIs), 50, 55f
enhanced, 51, 129f, 138f, 147f, 157f, 159f, 162f,
164f, 171, 172f, 181f, 182f, 183f, 224f, 232f,
233f
spin-echo, postcontrast, 52f
spoiled gradient (SPGR), postcontrast, 50f, 52f
unenhanced, 50f, 52f, 57f
T2-weighted images (T2WIs), 51, 52f, 57f, 59f, 147f,
157,171
use of contrast, 50
Magnetic resonance (MR) spectroscopy, 51
Marginal reflex distance (MRD), 98, 99f
Medial sphenoid meningiomas, radiation therapy,
204-205
Meningiomas
imaging, 56, 57f
surgical approaches, 135
cranio-orbitozygomatic (COZ), 139-142
supraorbital, 135-139
surgical treatment, 135-144
See also specific meningiomas
Methotrexate (MTX), 239-240
Microneurosurgery, origins of, 3
Middle clinoid process, relationship to parasellar
region, 35-36
Middle fossa triangles, 40-41
Millimeter ruler, 98, 99f, 119

N
Nasal cavity, relationship to sella, 8-12

Nasal pathway, dissection of, 10f
Nasal septum, 11f, 12
Near card, 86f
Near vision assessment, 115
Nelson syndrome, stereotactic radiosurgery (SRS), 218,
220, 220t
Neural relationships, in parasellar region, 39-40
Neurosarcoid, imaging of, 58f
Neutral density filters, 87, 87f
Nonfunctioning pituitary adenoma
radiation therapy, 200-201
stereotactic radiosurgery (SRS), 217, 217f, 218t
surgical management, 131

(0}
Ocular malalignment assessment, 118-119
Ocular motor stability assessment, 117-118
Ocular motor systems assessment, 118
Operative monocular microscope (Nyle'n), 3f
Operative setup (Guiot and Hardy), 4f
Optic nerve, in sellar region, 44f
Optic nerve sheath meningiomas, radiation therapy,
205
Optic pathway meningiomas, radiation therapy, 205-
206, 206t
Optic strut, relationship to parasellar region, 36
Opthalmologic evaluation, 61, 147
200 optotype E, 115f
Amsler grid test, 116, 117f
angiogram, 71f, 72f, 97f, 102f, 103f, 107f
assessment of
adnexal system, 119
color vision, 115-116
contrast sensitivity, 116
near vision, 115
ocular malalignment, 118-119
ocular motor stability, 117-118
ocular motor systems, 118
Snellen acuity, 115
stereo acuity, 116
visual field, 116-117
B-scan, 72f
cardinal positions, 84f, 95f, 96f, 98f, 102f, 109f, 110f,
111f,112f, 113f
computed tomography (CT), 100f, 120f
confrontation testing, 86, 87f, 116
esthesiometer, 99, 100f, 119
funduscopic examination, 70f, 75f, 76f, 79f, 81f, 89,
91f, 119, 120f
Goldmann bowl, 93, 94
Hertel exophthalmometer, 98, 99f, 119
Hess screen, 84f, 94, 95f, 97f, 98f, 102f, 109f, 110f,
111f, 113f
Maddox rod, 93, 93f, 118-119
marginal reflex distance (MRD), 98, 99f
millimeter ruler, 98, 99f, 119
MR, 68f, 74f, 77f, 80f, 90f, 94f, 98f, 104f, 109f, 110f
near card, 86f



Index 251

neutral density filters, 87, 87f
opthalmoscope, direct, 92, 92f, 117-118
optical coherence tomogram (OCT), 71f, 73f, 75f, 77f,
80f, 82f, 83f, 89f, 91f, 92, 104f, 106f, 107f, 119
patient history, 66-67
slit lamp, 98-99
supplies, 121
Titmus test, 116, 116f
upper lid range, 99, 99f
visual fields, 70f, 73f, 76f, 78f, 79f, 81f, 82f, 86-87,
88f, 102f, 104f, 105f, 106f
See also Visual system
Opthalmoscope, direct, 92, 92f, 117-118
Optical coherence tomogram (OCT), 71f, 73f, 75f, 77f,
80f, 82f, 83f, 89f, 91f, 92, 104f, 106f, 107f, 119
Orbitozygomatic (OZ) surgical approach, 193-194,
193f, 194f

P
Paraclinoid triangles, 41
Parasellar region, anatomy of, 28-42
Pars intermedia cysts, imaging, 55
Pituicytomas, imaging, 53
Pituitary abscess, bacterial, imaging, 56
Pituitary apoplexy, imaging, 56, 58
Pituitary gland
and the carotid artery, relationship to sella, 24-25
endoscopic view, 132f
imaging of, 51
incisions, 126f
relationship to sella, 24
subcranial relationships, 9f
Pituitary hypersecretion, 61-62
Pituitary stalk, 137f
Planning target volume (PTV), 200
Plenum sphenoidale meningiomas, imaging, 181f
Primary lymphoma, imaging, 54
Prolactinomas
radiation therapy, 202-203
stereotactic radiosurgery (SRS), 220, 222, 223t
surgical management, 129-130
treatment options, 130f
Proton therapy vs photon therapy, 200
Pterional surgical approach, 150, 150f, 187-193, 188f,
190f, 191f, 192f, 193f

R
Radiation therapy
clinical target volume (CTV), 200
conventional fractionated external beam radiation
therapy (EBRT), 199
conformal radiation therapy (CRT), 199
indications, 200
intensity-modulated radiation therapy (IMRT), 199
dose limitations, 200
fractionation schedules, 199
gross tumor volume (GTV), 299
late effects

cerebrovascular events, 211
hypopituitarism, 210
radionecrosis, 211
second malignancy, 211
visual deficits, 210-211
planning target volume (PTV), 200
proton therapy vs photon therapy, 200
stereotactic radiosurgery (SRS), 199
gamma knife, 199
indications, 200
linear acclerator-based (LINAC), 199
proton beam units, 216
as specific treatment for
acromegaly, 201-202
cavernous sinus meningiomas, 204-205
chondrosarcomas, 165, 166f, 208-210, 209t
chordomas, 165, 166f, 208-210, 209t
craniopharyngiomas, 203-204
Cushing disease, 202
germ cell tumors, 206-208, 207t
medial sphenoid meningiomas, 204-205
nonfunctioning pituitary adenomas, 200-201
optic nerve sheath meningiomas, 205
optic pathway meningiomas, 205-206, 206t
pituitary carcinomas, 210
prolactinomas, 202-203
sellar metastases, 210
TSH-secreting adenomas, 203
tuberculum sellae meningiomas, 205
Radiosurgery, 4-5
Radium therapy, transnasal delivery of, 2f
Rathke cleft cysts (RCCs)
complications, 175
diagnosis, 170
endocrine evaluation, 170-171, 171t
imaging, 55, 55f, 171-172, 171f
operative approaches, 172-173
ophthalmologic evaluation, 79f-83f, 171, 171t
prevalence, 170
recurrence, 174
signs/symptoms, 170, 171t
surgical outcome, 173-174, 174t
surgical techniques, 173
surgical treatment, 170-175
Rituximab, 240
Roentgenography, 4-5

S
Schwannomas, imaging, 56, 57f, 183f
Sellar floor, 132f
Sellar and parasellar lesions
clinical manifestations, 61-62
evaluation, 61-63
management, 61-63
stereotactic radiosurgery (SRS), 224-225, 224f, 225t
Sellar and parasellar region
anatomy, 8-49
diagnosis for pathology, 50-59



252 Index

Sellar and parasellar region (Continued)
early approaches, 1-3
historical perspective, 1-6
imaging anatomy, 51
imaging strategies, 50-51
radiologic evaluation, 50-59
superior view, 15f
Slit lamp, 98-99
Snellen acuity assessment, 115
Sphenoid bone
relationship to sella, 12-16
types, 14f
Sphenoid sinus
anatomy, 13f
anterior view, 20f
clival extensions of, 28f
endonasal approaches, 23f
endoscopic view, 132f
extensions of, 26, 27
inferior view, 17f
nasal pathway to, 18f
relationship to sella, 16-24
septa in, 19f
subcranial relationships, dissection showing, 22f
types, 16
Stereo acuity assessment, 116
Stereotactic radiosurgery (SRS), 165, 166f
devices, 216
gamma knife, 199, 216
linear accelerators (LINAC), 199, 216
proton beam units, 216
dosing, 216
remission, 222
side effects, 222-223, 225
techniques, 216
for treatment of
acromegaly, 220, 221t
craniopharyngiomas, 230-231, 230f, 231f
Cushing disease, 217-218, 219t
Nelson syndrome, 218, 220, 220t
nonfunctioning pituitary adenomas, 217, 217f,
218t
prolactinoma, 220, 222, 223t
sellar/parasellar meningiomas, 224-225, 224f, 225t
Steroids, perioperative use of, 125
Subfrontal surgical approach, 149-150, 149f, 195-196
Sublabial transsphenoidal surgical approach, 2f, 178
Subtemporal surgical approach, 1f, 150, 150f
Supraorbital surgical approach, 137-138, 137f, 196-
197
Suprasellar and third ventricular region
anatomy, 47f
arterial relationships, 45-48
cranial nerves in, 42-45
neural relationships in, 43f
vascular relationships in, 46f
venous relationships, 48

ventricular and cisternal relationships, 42
Supraorbital flap, removal of, 137f
Surgical approaches. See Approaches, surgical
Surgical treatment

acromegaly, 126-129

adenomas, 124-133

cavernous sinus meningiomas, 142-143

chondrosarcomas, 155-167

chordomas, 155-167

clinoidal meningiomas, 143

craniopharyngiomas, 145-153

Cushing disease, 124-126

diaphragma sellae meningiomas, 138-139

meningiomas, 135-144

nonsecreting adenomas, 131

prolactinomas, 129-130

Rathke cleft cysts, 170-175

TSH-secreting adenomas, 130-131

tuberculum sellae meningiomas, 137-138
Synchrocyclotron, 5

T
Temozolomide (TMZ), 236, 238, 241
Thyroid-stimulating hormone (TSH)-secreting
adenomas
radiation therapy, 203
signs/symptoms, 131
surgical management, 130-131
Titmus test, 116, 116f
Transcranial surgery
bifrontal approach, 194-195
orbitozygomatic (OZ) approach, 193-194, 193f, 194f
patient position, 188f, 195
preparation, 187
pterional approach, 187-193, 188f, 189f, 190f, 191f,
192f, 193f
subtemporal approach, 197
supraorbital keyhole approach, 196-197
unilateral subfrontal approach, 195-196

Transnasal route

to sella, 13f
to sphenoid sinus, 13f

Transpterygoid, 182-183
Transsphenoidal surgery

of the parasellar area
cavernous sinus, 182
clivus, 180
Meckel’s cave, 182-183
retrosellar space, 180
suprasellar and anterior fossa, 180
reconstruction, 184
resurgence of, 4
of the sellar area
endoscopic endonasal, 178-179, 179f
microscopic endonasal, 178
microscopic sublabial, 178

Triangles, 37f-38f
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Tuberculum sellae meningiomas
anatomy, 137
imaging, 138f
radiation therapy, 205
signs/symptoms, 137
supraorbital approach, 137-138

\'
Vincristine, 241
Visual field assessment, 70f, 73f, 76f, 78f, 79f, 81f, 82f,
86-87, 88f, 102f, 104f, 105f, 106f, 116-117
Visual system
adnexal structures, 65
anatomy, 83, 85

assessment, 119
evaluation, 98-99, 101
rehabilitation, 108, 114
afferent system, 65
anatomy, 67, 69
assessment, 115-117
evaluation, 85-87, 92
rehabilitation, 101, 103
efferent system, 65
anatomy, 69, 83
assessment, 117-119
evaluation, 92-94, 96, 98
rehabilitation, 103, 108
See also ophthalmologic evaluation
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