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The Fruits of Reinvention

Surgery related to the human head, its compartment and contents has been reinvented over
the past 40�years. A number of instruments, most notably the sophisticated medical imaging
device and the operating microscope, have principally fueled this evolution. Along the way,
endoscopy and sophisticated navigation capabilities have added to the realization of a unique
comprehension of normal and abnormal microanatomy permitting corridors and manipula-
tions that allow novel strategies for surgery in these highly vital functional areas.

Cappabianca, Califano and Iaconetta have created a detailed and fully modern review of
methods and strategies related to complex surgery and therapies associated with this robust
reinvention. Technical innovations abound!

Distinguished practitioners of these unique developments in the history of surgical en-
terprise present these amazing technical exercises. The catalog of these approaches, instru-
mentation, techniques, strategies and manipulations is inspiring and stands as a testimony
to the remarkable progress that we have witnessed in recent decades.

The presentation in truly “modern” and represents in many aspects pinnacles of operative
achievement.

We must ask ourselves, what will be next?

Los Angeles, November 2009 Michael L.J. Apuzzo, M.D., Ph.D (hon)
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We belong to a lucky and happy generation, living during a period of many dramatic, if not
revolutionary, technical and technological innovations, such as the digital era, which have
changed and improved our routine surgical practice, together with the quality and quantity
of life of our patients.

Furthermore, the possibility of easily obtaining and exchanging information has facil-
itated cooperation among different specialties, thus favoring a real team-work attitude.
No-man’s land has become an area where many subjects have settled and produced new
results.

Technologies and instruments previously used by a single group of specialists have been
adopted and modified by others to perform the same kind of action in a different environ-
ment. Cross fertilizations have pushed the envelope towards the management and control of
diseases that could not have been imagined a few years ago.

Previous paradigms have been demolished by conceptual and technical progress that
has been determined by the exchange of knowledge. For patients, functional and even es-
thetic and/or cosmetic demands have taken over from the naked result of saving life by
hazardous surgery.

Some surgeons have achieved innovations by novel approaches and others, at the same
time, have refined established procedures taking advantage of recent technical advances.
An example of both these conditions can be considered the recent advent of endoscopic en-
donasal skull-base surgery, introduced as an approach to the pituitary region, such that some
tumors and/or pathological entities, once considered amenable only to open transcranial
surgery, can now also be managed through this alternative option. Another example is the
standardization and diffusion of operations to the cerebellopontine angle that are performed
today with fixed coordinates and indications under adequate intraoperative neurophysio-
logical and radiological monitoring.

Further progress can be expected to result from the ongoing experience of leading centers
and contemporary teaching with modern facilities. At the same time, instrument develop-
ment, perhaps robotics, will add a new impulse to the never-ending effort towards achieving
perfect results.

The multiplicity of possible approaches and their refinement have led us to consider this
an opportune time to collect presentations from different schools on various cranial, cranio-
facial, skull-base extended and small-size approaches. We asked individual specialists to
produce a chapter on a single technique by providing anatomical images, that we have always
considered the foundation of any surgical procedure, followed by operative images and ex-
planatory text for each operation.

Preface



We hope readers, most importantly including young surgeons, will find our efforts useful
in improving their expertise in and knowledge of the various techniques described.

Naples, November 2009 Paolo Cappabianca
Luigi Califano

Giorgio Iaconetta
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History: The Past

The skull base is not only the dividing wall between the
intracranial content and the facial compartment with
the upper respiratory and digestive tracts, but it also al-
lows the passage of vital neurovascular structures en-
tering and exiting the brain. For this reason skull-base
surgery is one of the most challenging areas of surgery.

Since the first successful attempts to remove a skull-
base tumor at the end of the eighteenth century, sur-
geons coming from different disciplines have compared
their skills in this area. Skull-base surgery was the first
successful brain surgery procedure. Francesco Durante,
a general surgeon born in Letojanni, Sicily, but working
in Rome, removed an anterior cranial fossa menin-
gioma using an original transpalatine approach. The pa-
tient was still alive and in good health 12 years after
surgery [1]. It should be underlined that this pioneer of
neurosurgery used a transoral, transpalatine approach
presaging the multidisciplinary approach needed in
modern skull-base surgery to fully manage complex
skull-base lesions.

Another pioneer of surgery worthy of mention is Sir
William Macewen who successfully removed a brain
tumor over the right eye in a 14-year-old boy using gen-
eral anesthesia with endotracheal intubation instead of
tracheostomy [2]. In the last century, advances in skull-
base surgery paralleled those of neurosurgery, and ENT,
maxillofacial and plastic surgery. In 1907 Schloffer was
the first to report successful removal of a pituitary

tumor via a transnasal, transsphenoidal approach. His
approach used a transfacial route with significant es-
thetic problems due to paranasal scarring [2]. Three
years later Hirsch, an otorhinolayngologist, first de-
scribed the endonasal transseptal approach to reach the
sellar content with local anesthesia [3]. Subsequently
Cushing modified this approach with a sublabial inci-
sion using general anesthesia. His results in 231 pa-
tients, operated upon between 1910 and 1925, showed
a 5.6% mortality rate; however, he later abandoned this
technique in favor of a transcranial route due to the high
risk of CSF rhinorrhea, difficult in controlling hemor-
rhage and postoperative cerebral edema [2]. Dott, learn-
ing the transsphenoidal approach directly from Cushing,
reported in 1956 no deaths in 80 consecutive patients. 

The next milestones in the evolution of transnasal-
transsphenoidal technique were reached with the rou-
tine use of two different technical adjuncts. Guiot, in-
troducing the intraoperative radiofluoroscope, extended
the approach to craniopharyngiomas, chordomas and
parasellar lesions and, finally, Hardy from Montreal,
Canada, proposed and diffused the use of the surgical
microscope and dedicated instrumentation [4]. Thus,
the evolution of the transphenoidal approach to the pi-
tuitary gland and its worldwide application involved
three basic factors: first and most important, the pio-
neering efforts of giants of surgery working on their in-
tuition and often against colleagues’ skepticism; sec-
ond, the progress of technology; and third, its
application to routine procedures. This is the paradigm
of the skull-base surgery. In the 1960s, House, an ENT
surgeon, and Doyle, a neurosurgeon, began to remove
acoustic neuromas through a middle fossa approach.
This was one of the first skull-base teams to introduce
the concept of a multidisciplinary approach [5].

Introduction
Evolution of Techniques to Approach
the Base of the Skull                                                                                    

Francesco Tomasello

P. Cappabianca et al. (eds.), Cranial, Craniofacial and Skull Base Surgery.
© Springer-Verlag Italia 2010
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The history of skull-base surgery with its basic prin-
ciples has to include a tribute to Gazi Yasargil. He pop-
ularized the pterional approach and demonstrated that
with removal of the sphenoid wing and meticulous mi-
croneurosurgical technique many areas of the skull
base could be reached without or with minimal brain
retraction. Yasargil’s lesson was applied to many ap-
proaches, and even today it represents the undisputed
basic concept for any neurosurgeon dealing with skull-
base lesions [6, 7]. The concept of “move the bone
away and leave the brain alone” is the basis of modern
skull-base surgery.

As in many fields of medicine, the widespread dif-
fusion of knowledge, techniques and technologies
drives surgeons through over-indication. It should not
be considered as an absolute mistake, but as an un-
avoidable step in the continuous progress of science.
This was the case in cavernous sinus surgery. In the
1980s and 1990s many neurosurgeons demonstrated
the surgical anatomy of the cavernous sinus and many
approaches to reach lesions within it. It seemed that the
cavernous sinus, formerly considered a “no-man’s

land”, became as accessible as any other part of the
skull base and each lesion growing into or extending
to it could be completely resected without significant
morbidity [8–10]. However, during the last decade, the
long-term evaluation of surgical results and the devel-
opment of alternative techniques to manage lesions in
this area generally reduced the enthusiasm of the pro-
ponents of the approach, limiting indications to the rou-
tine opening and exploration of the cavernous sinus
[11, 12] (Fig.�1).

Chronicles: The Present

As with any innovation in the field of medicine, strate-
gies for resection in skull-base surgery are first greeted
with skepticism, then they diffuse with an enthusiastic
underestimation of morbidity and mortality, to reach
maturity with a better application to each specific case.
It is hard to say if we are in the mature phase of skull-
base surgery. Recent studies have demonstrated the

4                                                                                                                                                                                                                             F. Tomasello

Fig. 1 T1-weighted MR imaging after
contrast agent administration of a giant
left sphenocavernous meningioma with a
small contralateral clinoidal menin-
gioma. a, c Preoperative axial and coro-
nal images. b, d Postoperative axial and
coronal images. The meningioma was
completely resected except for the intra-
cavernous portion via a left pterional
craniotomy. Residual tumor within the
cavernous sinus and the contralateral cli-
noidal meningioma did not show pro-
gression at the 3-year follow-up
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prominent role of standard neurosurgical approaches,
as the pterional or retrosigmoid, in the management of
most skull-base lesions minimizing the need for a trans-
facial and transpetrosal route [7, 12, 13].

For many years neurosurgeons and neurotologists
have discussed the best way to approach and resect
acoustic neuromas. The introduction and widespread
diffusion of MRI has allowed the diagnosis of small in-
tracanalicular tumors, shifting the paradigm of manage-
ment from simple tumor resection to facial nerve spar-
ing and, finally, hearing preservation. Moreover,
surgery is not the only treatment modality available to
patients. Long-term results of radiosurgical series as
primary treatment in these patients are now available:
tumor control and preservation of the function of the
cranial nerves are considered today at least comparable
[14]. The discussion is still open, and no-one has the
definitive answer. Modern radiosurgical techniques
continue to gain a prominent role as primary treatment
in many skull-base lesions and the apparently short-
term morbidity should be measured in relation to long-
term outcome, and both should be measured in terms
of tumor control and new neurological deficits.

As outcome measures have increasingly become
more sophisticated, surgeons analyzing their series can-
not state that a patient had a good outcome just because
no new neurological deficits occurred. Measures of
quality of life as perceived by the patient and his rela-
tives should be considered as the gold standard param-
eter to evaluate a treatment modality.

Neuronavigation is now a standard tool in a modern
neurosurgical operating room. Its routine use in skull-
base surgery can optimize the intraoperative time and
make the surgeon confident in the identification of
major skull-base vessels during bone dissection. How
it modifies the outcome is matter of controversy. Tech-
nological advances have almost always anticipated
major improvements in skull-base surgery. This was the
case for endoscopy and its introduction into skull-base
surgery. Neurosurgeons capitalized on the ENT sur-

geons’ experience in endoscopic surgery of the
paranasal sinuses [15]. Jho, Cappabianca, de Divitiis
and Kassam were pioneers in this field [2, 16]. Jho and
Carrau (the latter an ENT surgeon) reported the first sur-
gical series of 50 patients harboring a sellar lesion op-
erated on via an endoscopic endonasal approach [17].
In the last 10 years under the guidance of Naples and
Pittsburgh centers, hundreds of endoscopic procedures
in the sellar region have been performed all over the
world. The use of a pure or assisted endoscopic tech-
nique to approach the sellar region is probably the most
important conquest in contemporary skull-base surgery.

Vision of the Next Step: The Future

Recently the Naples and Pittsburgh groups have devel-
oped an extended endoscopic approach to anterior cra-
nial fossa lesions such as tuberculum sellae and olfac-
tory groove meningiomas. Criticism and limitations of
the standard surgical technique obviously appeared
greater in relation to the extended approach, in which
untoward hemorrhage and CSF leakage are difficult to
control [18–30]. If the endoscopic endonasal approach
to the pituitary has to be considered a standard ap-
proach, its extension has to be validated in larger series.

Research and efforts should be directed toward the
improvement of waterproof closure of the basal dura
and the development of new instrumentation for dis-
section, better visualization, control of neurovascular
structures and hemostasis. The use of intraoperative im-
aging and sonography, the development of a new dural
substitute and sealants may improve the use of the en-
doscopic approach and make it accepted worldwide as
the new frontier in skull-base surgery. Diffusion and
acceptance of new outcome quality-of-life patient-ori-
ented scales should better define the concept of mini-
mally invasive surgery and its ability to obtain long-
term tumor control.
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1.1 Introduction

Among the determinants of the success of a surgical
technique are an in-depth knowledge of the surgical
anatomy, the combining of the expertise of the different
professionals, and the availability of dedicated instru-
ments and tools, which permit advances to take place
in terms of expanding the indications, improving the
results and reducing the complications.

Advances in surgical instrumentation, in hemostatic
techniques and materials, and in image guidance sys-
tems, and, most importantly, collaboration between
neurosurgeons and otolaryngologists/head and neck
surgeons/maxillofacial surgeons, together with the con-
tribution of new imaging devices and techniques, have
resulted in recent dramatic changes in the practice of
skull-base surgery, ultimately resulting in a movement
toward less-invasive procedures, as in most fields of
modern medicine.

If on one hand such technological advances push the
development of new surgical techniques, the opposite
is also true: the introduction of a novel surgical ap-
proach or technique often requires the design and re-
finement of new dedicated instruments and tools, con-
tributing to the mutual relationships between surgeons
and biomedical engineers and manufacturers.

Surgery of the skull base is amongst the most diffi-
cult, complex and, at the same time, rewarding experi-
ences. Skull-base surgery does not just require the ac-
quisition of perfect surgical skill: surgeons also need to

acquire a thorough knowledge of anatomy, mastery of
the pros and cons of all the materials and instruments
to be used during the operation, the ability to share
his/her peculiarities with others, versatility in choosing
among the different approaches (transcranial, transfa-
cial, combined transcranial–transfacial, etc.), and
knowledge of the pros and cons of each one of them,
etc [1, 2] .

This chapter focuses on one of these aspects: the
possibilities and limitations of the main instruments and
tools used during most of the surgical approaches de-
scribed in the following chapters throughout the book.

1.2 Types of Instrument

There are two types of instrument in skull-base surgery:
instruments with a single shaft and a functional tip (for
example, hooks, dissectors, curettes, knives, etc), and
those that fall within what the instrument manufacturers
call the “forceps family” (for example bipolar forceps,
tumor-holding forceps, biopsy rongeurs, vascular for-
ceps, and scissors). Some approaches, e.g. the
transsphenoidal approaches, performed under certain
conditions such as endoscopy, demand dedicated in-
struments [11]. 

There are very different principles involved in han-
dling and using these two groups of instruments. It is
possible to hold the single-shaft instruments anywhere
along the shaft. Where the instrument is grasped de-
pends on the working depth, i.e. the distance between
the tip of the index finger and the tissue plane being
dissected. Instruments of the forceps group are very dif-
ferent. They are made with a definite area to grasp the
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instrument and to control the opening and closing ac-
tion of the tips. 

The design of microsurgical instruments should in-
corporate stability, flexibility, and mobility. Their use
in microsurgery can be compared to that of a pencil
during writing. The forearm is supported on a specifi-
cally designed rest. The hand is then free and relaxed
and is supported at the surface edge of the wound by
the fourth and fifth fingers. The instrument is grasped
and controlled using the index and middle fingers, to-
gether with the thumb. From the opening of the dura
until it has been closed by suturing, the operation is per-
formed under the operating microscope and/or the en-
doscope. During this time the surgeon mainly uses the
bipolar forceps and suction tip.

1.3 Microscope

Microsurgical techniques, which require the use of the
operating microscope, are a key part of skull-base sur-
gery and the acquisition of skill and proficiency in the

use of the mobile operating microscope is the first step
in microsurgery [3, 4].

The operating microscope, which as well as magni-
fying improves illumination and provides stereoscopic
and telescopic vision, is the key instrument in the mi-
crosurgical treatment of intracranial lesions. The mag-
nification, which is variable between ×3 and ×25, is ul-
timately derived from the optical relationship between
the objective lens, the side of the binocular tubes, and
the magnification of the eyepieces. Besides magnifica-
tion, the unique characteristic of the microscope com-
pared with the other surgical visualizing tools, such as
the endoscope, is its most useful function, stereoscopic
3D vision. This function, coupled with the zoom capa-
bilities of the optical system, brings the plane of the op-
erative field closer to the observer, maintains the optical
capacity of depth perception, and allows the surgeon to
work bimanually.

The degree of illumination depends upon the light
source used, on the degree of magnification (the
greater the magnification, the less the passage of light),
and on whether a beam splitter for the attachment of
observation tubes and camera equipment is employed.
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Fig. 1.1 Modern operating microscopes are no longer just instruments to provide a magnified image, but are rather fully integrated
into the modern operating room and allow information to flow between all the other instruments, offering new horizons in improving
the surgical workflow



The surgeon, acting through controls on the hand-
pieces, can rotate, raise, translate, and lower the mi-
croscope optics and make fine adjustments to its posi-
tion. The other face of the medal is that the use of the
microscope entails an unavoidable restriction of move-
ment, and also requires the surgeon to maintain a re-
stricted postural position.

Latest generation microscopes (Fig.�1.1) represent a
concentration of technology and advances. They are
able to combine solutions for the basic requirements—
illumination and magnification of the surgical field—
with a variety of additional benefits including intraop-
erative fluorescence, integration with endoscopy and
neuronavigation devices, integration of the entire digi-
tal video chain, integration into the hospital’s informa-
tion and communication infrastructure, and user-
friendly solutions for the operating room staff.

1.4 Endoscope

The endoscope permits access to deep anatomic struc-
tures in a minimally invasive manner. It allows the vi-
sualization of deep, hidden structures in the brain and
transmits clear and usable images to the surgeon. Its
main characteristic and advantage is that it brings the
eyes of the surgeon close to the relevant anatomy. In
such a way it can increase the precision of the surgical
action and permit the surgeon to differentiate tissues,
so that selective removal of the lesion can be achieved
[5-7]. Endoscopes are classified as either fiberoptic en-
doscopes (fiberscopes) or rod-lens endoscopes. Endo-
scopes specifically designed for neuroendoscopy can
be classified into four types: (1) rigid fiberscopes, (2)
rigid rod-lens endoscopes, (3) flexible endoscopes, and
(4) steerable fiberscopes [5, 6, 8].

These different endoscopes have different diameters,
lengths, optical quality, and number and diameter of
working channels, all of which vary with size. The
choice between them should be made on the basis of
the surgical indication and personal preference of the
surgeon. In general, for endoscopic skull-base surgery,
the best endoscopes are rigid rod-lens scopes (Fig.�1.2).
The main advantage is the better quality of vision than
with the other type. It allows the surgeon to remain ori-
ented because of the panoramic view and permits the
other instruments to be inserted alongside it. Rod-lens
endoscopes consist of three main parts: a mechanical
shaft, glass fiber bundles for light illumination, and op-
tics (objective, eyepiece, relay system). The angle of

view of the rod-lens ranges from 0° to 120°, according
to the objective, but angled objectives of more than 30°
are used only for diagnostic or visualizing purposes.
The most frequently used angles are 0°, 30° and 45°.
The 0° objective provides a frontal view of the surgical
field and minimizes the risk of disorientation. It is used
during the major part of the operation. The advantages
of 30° is that this type of endoscope, through the rota-
tion of the lens, increases the surface area of the field
of view. Moreover, visualization of the instruments is
improved as they converge toward the center of the
image, while with the 0° objective the instruments re-
main in the periphery of the image.

The endoscope is usually used through a sheath,
which is connected to a cleaning system. The irrigation
system permits cleaning and defogging of the distal
lens, thus avoiding the repeated insertion and removal
of the endoscope from the nostril. Endoscopes used for
endonasal skull-base surgery have no working channel
(diagnostic endoscopes), and the other instruments are
inserted either into the same nostril, slid alongside the
sheath, or into the contralateral nostril. The diameter of
rod-lens endoscopes varies between 1.9 and 10 mm, but
for most surgical approaches to the skull base only en-
doscopes with a diameter of 4 mm are usually used. In
some cases a 2.7-mm endoscope can be used. In skull-
base surgery, such tools can be used freehand or fixed
to a scope holder. 

During the first step of the operation (the approach
itself), it is better to use the endoscope freehand, so that
the various instruments can be handled dynamically
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Fig. 1.2 Rigid rod-lens endoscopes a, without working channels,
used in skull-base surgery. They allow the surgeon to remain ori-
ented because of the panoramic view and allow other instruments
to be inserted alongside. b The most frequently used objective
angles are 0°, 30° and 45°
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while creating the working space for the later steps in
the procedure. In such a way, the surgeon can progres-
sively gain a sense of depth by fixing in mind some sur-
gical landmarks to guide orientation. A perfect knowl-
edge of surgical anatomy does the rest. The endoscope
can then either continue to be use free-hand or be fixed
to a scope holder. 

For the freehand technique, the scope is used in a
dynamic fashion and the surgeon continuously receives
feedback about the anatomy and depth of the operative
field based on the in-and-out movements of the scope.
If the option of a scope holder is chosen, a variety of
systems exist. Variables include a steerable or extensi-
ble arm, and a rigid or jointed arm that can be straight,
curved, or pneumatic. With such devices, the endo-
scope is fixed in a particular position, and the surgeon
can use both hands to manipulate the surgical instru-
mentation. Another possibility is to have the endoscope
held by an assistant. With this method the dynamic
movements of the scope are preserved and, at the same
time, the surgeon can simultaneously use two instru-
ments either in the same nostril or in both nostrils.

1.4.1 Video Camera and Monitor

The endoscope is connected to a dedicated video cam-
era, and the endoscopic images are projected onto a
monitor placed in front of the surgeon [9]. Additional
monitors can be placed in other locations in the operat-
ing room, as well as in hallways or adjacent rooms, to
permit other members of the team to watch the surgery.
Also such tools are being continuously improved to offer
high-quality endoscopic images with tremendous visu-
alization of the operative field, and of the lesion and its
relationships with the surrounding anatomical structures. 

Several types of endoscopic video camera are avail-
able, the most common of which utilize a CCD

(charge-coupled device) sensor. Buttons located on the
camera control the focus and the zoom. Optical zoom
is preferable because it enlarges the image with the
same number of pixels; the electronic zoom increases
the size of each pixel, which degrades the definition
of the image.

The video signals are usually brought to the monitor
and to the recording devices in RGB, S-video, or com-
posite video formats. Today, digital 3-CCD endoscope
cameras (with three CCD sensors) are available, which
produce the highest quality images. These cameras can
be directly connected to video recorders for high-qual-
ity video reproduction [10].

The images produced by the endoscope camera are
displayed on one or more monitors. These monitors
need to have a high-resolution screen to support the sig-
nal quality arising from the camera. The monitors most
commonly used in endoscopic surgery have a minimum
horizontal resolution of 750 lines, in order to visualize
all the details of the endoscopic images.

A further improvement in the resolution of both the
video cameras and the monitors is represented by high-
definition (HD) technology (Fig.�1.3), which offers the
ultimate image quality and is ready for the 3-D endo-
scopes of the future. A full HD 16:9 flat monitor
(1080p60) needs to be coupled to the HD camera in
order to visualize the HD images.

1.4.2 Light Source

The endoscope transmits the cold light that arises from
a source (Fig.�1.4a) inside the surgical field through a
connecting cable made of a bundle of glass fibers that
brings the light to the endoscope, virtually without dis-
persion of visible light (Fig.�1.4b). Furthermore, heat
is poorly transmitted by glass fibers, thus the risk of
burning the tissues is reduced [7].
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Fig. 1.3 High-definition (HD) cameras a
offer the ultimate image quality. They re-
quire a full HD 16:9 flat monitor b in
order to visualize the HD images
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1.4.3 Video Documentation

Several systems are available to document endoscopic
surgical operations. Any one of a number of films or
digital cameras, analog or digital VCRs, mass memory,
CD- or DVD-based systems can store and even im-
prove the images coming from the video camera. Such
systems can be connected to dedicated devices and
route the pictures and/or the videos for a complete dig-
ital exchange, for computer or video streaming or tele-
conferencing, for E-learning, or tele-counseling. Fur-
thermore, it is possible for modern integrated operating
rooms to share digital images and video by simply
pressing a touch screen, which can even be done by the
surgeon while operating.

1.5 Perforator and Craniotome

Craniotomy is one of the critical parts of the operation
in that the surgeon is very much dependent on correct
and reliable instrument function. Various perforators
and craniotomes are available. Usually the different
systems include a perforator (different size) cran-
iotome, and a handpiece to attach round burrs, which
are used to drill off bony structures such as the sphe-
noid wing, the prominence of the frontotemporal bone,
the mastoid bone over the sigmoid sinuses, etc. Drilling
with a burr might be performed under the operating mi-

croscope. The majority of craniotomies are made by
first placing one burr hole, and then cutting the cran-
iotomy with a craniotome. If the dura is not carefully
dissected from the cranium before using the cran-
iotome, there is a high risk that it will be torn. A selec-
tion of dissectors is necessary for adequate dural dis-
section. In particular, a flexible dural dissector is
recommended, which is used after initially freeing the
dura immediately around the burr hole with a rigid,
conventional dissector. The flexible dissector is used to
free the dura along the whole length of the proposed
cutting line of the craniotomy.

1.6 High-Speed Microdrill

High-speed low-profile drills, either electric or pneu-
matic, may be very helpful for opening the bony struc-
tures to gain access to the dural space. A drill with for-
ward and reverse rotation is preferred. The use of the
drill should be planned so that the burr rotates away
from critical structures. Only diamond burrs, and not
cutting burrs, are used near important structures be-
cause only they can be used effectively in reverse.
Drills for skull-base surgery should have some special
characteristics. They should be low-profile and also
long enough but not too bulky, so they can be easily
used together with the possible combined use of the en-
doscope (Fig.�1.5). The combined use of such drills and
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Fig. 1.4 Xenon-based light sources a
bring cold light to the endoscope via a
cable comprising a bundle of optic
fibers b

Fig. 1.5 Low-profile extra-long drills (Anspach Effort,
Palm Beach Gardens, Florida, USA), easily used in
combination with the endoscope

a b



bone rongeurs has proven to be effective and time-sav-
ing during the extended approaches to the skull base,
especially for access to restricted regions. It is impor-
tant to find a good balance between the length of the
tip and stability during fine drilling, as a too-long tip
may vibrate dangerously. The high-speed drill is used
to open the internal acoustic canal, optic canal, clivus
and anterior and posterior clinoids, to remove the sphe-
noid wing, orbit indentation and petrous bone, and to
open the foramen magnum.

A specifically designed endonasal transsphenoidal
handpiece has recently been introduced for the ultra-
sonic bone curette (Sonopet, Miwatec, Tokyo, Japan),
which is very low-profile and also quite safe since it
works well and precisely in removing the bone struc-
tures but, at the same time, it respects the soft tissues,
thus lowering the risk of injury to the neurovascular
structures that may be close to the bone structure to be
removed. For example, in endonasal skull-base surgery
it has proven to be useful during the removal of the tu-
berculum sellae in cases of a prefixed chiasm, where it
removes the tumor and leaves the soft tissues, such as
the dura and, obviously, the chiasm beneath.

1.7 Bleeding Control

One of the most difficult problems is the control of
bleeding.

Monopolar coagulation is easy because it can be sim-
ply performed with the use of monopolar sticks and it is
usually quite effective. For hemostasis over larger areas,
special ball-tipped attachments to the monopolar cable
are very efficient. They are available in a variety of sizes
with straight and curved shafts. Because of the heat pro-
duced when using this method, copious irrigation fol-
lowing each short phase of coagulation is recommended.
Some monopolar electrodes incorporate a suction can-
nula to aspirate the smoke during coagulation, which
maintains a clear surgical field. Monopolar coagulation
must be avoided close to major neurovascular structures,
in the intradural space or in proximity to nerve or vas-
cular bony protuberances within the sphenoid sinus. 

Bipolar forceps are the most adaptive and functional
tool available to the neurosurgeon. They not only pro-
vide bipolar coagulation, but are also the main instru-
ment of dissection. This feature makes them particularly
suitable for opening arachnoid planes, separating mem-
branes, grasping small amounts of tumor tissue from
the normal brain parenchyma, and dissecting blood ves-

sels. The bipolar unit can be used to coagulate in areas
where unipolar coagulation would be dangerous, for in-
stance near neurovascular structures. In general, bipolar
coagulation is preferable, either alone or in association
with hemostatic agents. The use of the microsurgical
bipolar forceps, developed for the microscope, is not
feasible with the endoscope. Consequently, different en-
donasal bipolar forceps have been designed, with vari-
ous diameters and lengths, that have proven to be quite
effective in bipolar control of bleeding. New coagulat-
ing instruments, monopolar and bipolar, based on ra-
diofrequency waves have also been proposed (Fig.�1.6).
They have the advantage that the spatial heat dispersion
is minimal, with a consequent minimal risk of heating
injury to the neurovascular structures. Besides, the ra-
diofrequency bipolar forceps do not need to be used
with irrigation or to be cleaned every time.

1.8 Retraction Devices

Ideally, a brain retraction system should not compress
the brain at all, but protect it. The injurious effects of
retraction are directly related to the force of protective
retraction and how long it is applied [12, 13]. Currently,
the primary functions of retraction systems are to pro-
tect the brain, to provide gentle retraction during the
initial stages of dissection, and to counteract gravity
during the course of a tumor resection where the over-
lying cortex is tending to fall into the cavity. Today,
most surgeons try to avoid the use of a retractor as
much as possible and work with two instruments,
mainly the suction tube which provides gentle traction
after adequate room has been obtained by CSF outflow
or tumor debulking.
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Fig. 1.6 Radiofrequency coagulating systems (Elliquence,
Oceanside, NY, USA) have the advantage of minimal spatial heat
dispersion, with a consequent minimal risk of heating injury to
the neurovascular structures. They can also be used to debulk fi-
brous lesions



1.9 MicroDoppler Probe

Prior to opening the dura mater and whenever the sur-
geon thinks it is appropriate (especially while working
very close to vascular structures), it is of utmost impor-
tance to use the microDoppler probe to insonate the
major arteries [14]. The use of such a device is recom-
mended every time a sharp dissection is performed to
minimize the risk of injury to either the carotid or the
basilar artery or the other vascular structures that may
be close to or even compressed by the lesion.

1.10 Neuronavigation System

Orientation is one of the most important factors in neu-
rological surgery. Without proper orientation, the sur-
geon will waste time and sometimes do unnecessary
harm to the brain. The rapid development of computer-
assisted diagnostic imaging including CT, MRI , and
angiography, has led to a great improvement in the di-
agnostic ability of neurosurgeons. These image data
provide a neurosurgeon with accurate coordinates and
size of a lesion and even a functional area mapping of
individual cases. Some systems (image guided surgery
systems or neuronavigators) correlate these data di-
rectly into the operating field. 

The neuronavigator consists of a personal computer,
a multijoint sensing arm and an image scanner. The
three-dimensional coordinates of the arm tip are always
monitored by the computer and are automatically trans-
lated into CT/MRI coordinates and finally displayed as
a cursor on the CT/MRI images on the computer
screen. The basic function of the navigator is to obtain
the location of the arm tip within a surgical field and to
translate it into CT/MRI coordinates. The patient’s head
should initially be related to the CT/MRI coordinates.
The relationship is established using a set of fiducial
points on the patient’s head.

Intraoperatively, the location of the navigator tip is
thereafter automatically converted into the CT/MRI co-
ordinates and projected onto the corresponding
CT/MRI slice on the computer screen represented by
cross-shaped cursors. The system thus provides infor-
mation on the location of the instruments in terms of
the CT/MRI coordinates which guides the surgeon dur-
ing the operation.

Neuronavigation systems also make it possible to
avoid the use of fluoroscopy, thus avoiding unnecessary
radiation exposure to the patient and the surgical team.

1.11 Intraoperative MRI

Despite many technical and instrumental advances, the
extent of resection is often difficult to assess and is
sometimes largely overestimated by the surgeon. This
was demonstrated after introducing intraoperative MRI
(iMRI) into the operating room. The implementation of
iMRI in standard neurosurgical procedures has been
widely appreciated due to the benefit of immediate
tumor resection control. Besides the advantage of ap-
proaching a tumor without x-ray exposure of the patient
and staff, the use of an iMRI integrated navigation sys-
tem allows precise intraoperative tracking of residual
tumor based on updated images acquired within min-
utes while surgery is paused. Thus remaining tumor can
be removed by further navigation-guided resection. In-
traoperative MRI systems differ with respect to scanner
features (low field [15–18] or high field [19]) and their
impact on the ergonomic workflow, which means either
patient or scanner movement. Recently the first papers
reporting the use of a 3-T iMRI [20, 21] have been pub-
lished.

1.12 Tumor Enucleation

The best instrument for tumor enucleation is the suction
apparatus. For slightly firmer tumors that are more re-
sistant, the best technique is to grasp a portion of the
tumor with ring-tipped forceps or a fork, or even a
biopsy rongeur, and to apply gentle traction, while
using dissectors in one hand to help free and finally lift
away a portion of tumor. A selection of biopsy rongeurs
in two different lengths (long and short) and with a va-
riety of jaw sizes, is available. A large, rigid tumor can
be excised with scissors, with the bipolar or monopolar
loop attachment.

The loop for the monopolar electrode is available in
a variety of sizes and permits rapid debulking of firm
tumors. Furthermore, radiofrequency monopolar ball
electrode technology (Elliquence, Oceanside, NY,
USA), which uses radiofrequency power to vaporize
the tumor thus obtaining an effect similar to that
achieved with an ultrasonic aspirator system, is partic-
ularly useful for central debulking of a meningioma,
particularly if it is of firm consistency, before starting
the dissection of its capsule from the surrounding neu-
rovascular structures (Fig.�1.6).

For the debulking of softly to moderately firm tumor,
ultrasonic aspirator systems have proven to be helpful

1 Instruments 13
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the equipment is controlled via user-
friendly interfaces
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2.1 Historical Background

Among the different transcranial approaches routinely
used for the management of anterior cranial base le-
sions, the subfrontal approach is one of the most com-
mon and versatile surgical procedures, with the unilat-
eral or bilateral alternative, according to the lesion’s
extension and size.

The unilateral subfrontal approach was described for
the first time by Lewis in 1910 and afterwards, in its
extradural variations, by McArthur [1] in 1912 and Fra-
zier [2] in 1913. Krause [3] introduced, in 1914, the
frontal osteoplastic flap in this an approach, later widely
adopted following the contribution of Cushing [4].

It was not yet the 1940s when Tonnis described the
first bifrontal craniotomy, a median frontoorbital ap-
proach with division of the anterior sagittal sinus and
falx, and preservation of frontal brain tissue. Finally,
Wilson [5] introduced in the 1971 the concept of key-
hole surgery describing MacCarty’s point for exposure
of both the frontal fossa dura and periorbita. This is
performed 1�cm behind the frontozygomatic suture and
along the frontosphenoid suture. The “keyhole” in the
subfrontal unilateral and bilateral approaches permits
a choice of the correct limited craniotomy as a key
characteristic for entering a particular intracranial
space and for working with minimum trauma. Since
that time, all patients with various anterior skull-base
lesions have been surgically treated by means of the
keyhole philosophy.

Indications for a subfrontal approach include the fol-
lowing:
1. Aneurysms
2. Giant suprasellar macroadenomas
3. Olfactory groove meningiomas
4. Tuberculum sellae meningiomas
5. Tumors of the third ventricle
6. Hypothalamic and chiasmatic gliomas
7. Craniopharyngiomas
8. Cerebrospinal fluid (CSF) fistulas.

2.2 Subfrontal Unilateral Approach

2.2.1 Positioning and Skin Incision

The patient is placed in the supine position on the op-
erating table with the head fixed in a three-pin Mayfield
headholder. The degree of head rotation depends on the
site and size of the lesion. Lateral rotation not always
necessary because most surgeons find orientation easier
if the head is straight rather then turned. The patient’s
neck is retroflected, resulting in an angle of approxi-
mately 20° between the plane of the anterior cranial
base and the vertical plane of the axis. This position al-
lows the frontal lobe to fall away from the anterior cra-
nial floor and facilitates good venous drainage during
surgery. Fine adjustments of the patient’s position are
accomplished by tilting the operating table.

After a precise definition of the frontal anatomic
landmarks (e.g., the orbital rim, supraorbital foramen,
temporal line and zygomatic arch), the line of the in-
cision is marked on the skin. Thereafter the skin is pre-
pared with Betadine solution. The surgeon should be
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careful to make the incision while holding the knife in
an oblique position in relation to the surface of the
skin so that cutting is parallel to the pilose follicles;

this avoids alopecia in the cicatrix and, consequently,
a visible scar.

The skin incision, usually placed behind the hairline,
begins less than 1 cm anteriorly to the tragus on the side
of the craniotomy and extends medially in a curvilinear
fashion above the superior temporal line, slightly cross-
ing the midline by 1 or 2 cm (Fig.�2.1).

The incision should not be extended below the zy-
gomatic arch to avoid injury to the branches of the fa-
cial nerve that could cross the surgical field. At this
level usually the superficial temporal artery runs tortu-
ously upward and forward to the forehead, supplying
the muscles, integument and pericranium. Therefore,
blunt vessel forceps are used to dissect the superficial
temporal artery aiming to spare this vascularization. It
is of the utmost importance to preserve the harvesting
of the pericranium for the reconstruction phase.

Once the epidermis and dermis are incised and the
subcutaneous tissue is encountered, a blunt vessel for-
ceps are usual to dissect and preserve the superficial
temporal artery. As the skin is reflected anteriorly along
with the pericranium and retracted with temporary fish-
hooks, the galea will merge with the superficial layer
of the temporalis fascia. At the supraorbital ridge, care
should be taken to identify and preserve the supraor-
bital nerve and the supraorbital artery passing along the
medial third of the superior orbital rim.

Upon retraction of the skin-aponeurosis flap, a
semilunar incision is made through the pericranium
under the frontozygomatic process, 0.5�cm superior to
the temporal line and diagonally along the frontal lobe.
At this point the pericranium is separated from the in-
ferior surface of the frontozygomatic process and re-
flected.

Exposure and mobilization of the temporal muscle
should be restricted to a minimum to prevent postop-
erative problems with chewing. Careful dissection and
minimal retraction of the orbicular and frontal muscular
layer are essential to avoid a postoperative periorbital
hematoma. Before starting the craniotomy local hemo-
stasis must be performed.

2.2.2 Craniotomy

The craniotomy is started using a high-speed drill, with
the placement of a single frontobasal burr hole at Mac-
Carty’s point, posterior to the temporal line, just above
the frontosphenoid suture or at the frontozygomatic
point. This is the keyhole that represents an anatomic
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Fig. 2.1 Drawing showing the skin incision (red line), the cran-
iotomy and the microsurgical intraoperative view of the sub-
frontal unilateral approach. This approach provides a wide in-
tracranial exposure of the frontal lobe and easy access to the optic
nerves, the chiasm, the carotid arteries and the anterior commu-
nicating complex



window that provides access to the anterior cranial base
(Fig.�2.2a). A high-speed craniotome is then used to
create the bone flap, which must extend anteriorly to
the origin of the frontozygomatic process and parallel
to the temporal line. The craniotome is directed from
the first hole superiorly and describes a curve in the
frontal area (Fig.�2.2b).

The limits are the supraorbital foramen medially and
the sphenoid wing laterally. The lateral border of the
frontal sinus has to be considered during craniotomy.
Continuous irrigation during the drilling avoids thermal
damage to the brain and allows more precise bone cut-
ting. A hand-held retractors is used to provide the nec-
essary soft-tissue retraction and exposure as the cran-
iotome is turned around the flap. If dissection of the
dura cannot be easily accomplished from a single burr
hole, then a second burr hole can be made.

Usually the surgeon determines the numbers of burr
holes to be made. Before removal of the bone flap,
careful separation of the dura from the inner surface of
the bone using a blunt dissector avoids laceration of the
dura mater. An important next step is the drilling of the
inner edge of the orbital roof protuberances with a high-
speed drill (unroofing) to optimize the exposure to the
anterior cranial fossa and the angle to reach the fronto-
basal area.

2.2.3 Dural Incision and Intradural
Dissection

Typically, the dura is opened in a C-shaped fashion,
under the operating microscope, with its base toward
the cranial base, parallel along the orbital floor. It is re-
flected anteriorly and anchored with stay sutures. A
clearance of several millimeters should be allowed be-
tween the bone margin and the dural incision, to facil-
itate the final closure of the dura. When it is reflected,
special attention should be paid in the proximity of the
superior sagittal sinus. Elevation and retraction of the
frontal lobe pole will subsequently expose the target
area at the frontal base of the skull.

Different corridors can be used for the surgical ma-
neuvers in tumor removal:
• The subchiasmatic corridor between the optic nerves

and below the optic chiasm, suitable for lesions that
enlarge the subchiasmatic area.

• The opticocarotid corridor between the optic nerve
and carotid artery, chosen if the space between the
carotid artery and the optic nerve is widened by
parasellar extension of the tumor.

• Laterally to the carotid artery opening the oculomo-
tor cistern, suitable for lesions with far lateral exten-
sion in the cavernous sinus.

• Translamina terminalis above the optic chiasm
through the lamina terminalis [6], selected when the
tumor extends into the third ventricle.
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Fig. 2.2 Cranial model shows a the MacCarty’s keyhole 1 cm
behind the frontozygomatic suture and along the frontosphenoid
suture, and b the unilateral subfrontal craniotomy extended an-
teriorly to the origin of the frontozygomatic process and parallel
to the temporal line to create the bone flap

a

b



After the dural opening the first important step to at-
tempt some brain relaxation is the opening of the chi-
asmatic and carotid cisterns.

After releasing the CSF, the frontal lobe is retracted
gently so that the basal cisterns can be opened carefully
until the optic nerves, the chiasm, the A1 segment, and
the anterior communicating artery are exposed and the
olfactory nerve is identified and preserved. The arach-
noid is slightly incised with an arachnoidal hook, or as
an alternative, bipolar forceps could be used to make a
hole in the arachnoid membrane [7]. It is important to
follow the arachnoid plane using the microforceps and
the suction tip to achieve a stepwise dissection until the
lesion is reached (Fig.�2.3). During these surgical ma-
neuvers, when a certain degree of brain retraction is
needed, a self-retaining brain retractor attached to a
flexible arm permits fine adjustment, preserving the
normal tissue. Hemostasis must be accurately con-
trolled during the intracranial procedure, and the in-
tradural space should be filled with Ringer’s solution
at body temperature.

Sometimes the unilateral subfrontal approach could
be used for some asymmetric midline lesions with the
possibility of cutting the falx above the crista galli and
saving the superior sagittal sinus to gain access also to
the contralateral side (Fig.�2.4). In case of lesions such
as meningiomas that involve the optic canal, a wider
access could be gained by removal of the anterior cli-
noid that could be achieved via an extradural or in-
tradural route. Furthermore, better visualization of the

optic nerve is achieved at this level by cutting the dural
sheath longitudinally at its entrance in the canal.

After the lesion has been managed, the dural inci-
sion is sutured water-tight using continuous sutures.
The bone flap is appositioned medially and frontally
without bony distance to achieve the optimal cosmetic
outcome and fixed with low-profile titanium plates and
screws. After final verification of hemostasis, the galea
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Fig. 2.3 Intraoperative microsurgical photograph showing dissection of the arachnoidal plane along the optic nerve performed with
sharp (a) and blunt (b) dissection technique

Fig. 2.4 Intraoperative microsurgical photograph showing con-
tralateral extension of the tumor (T) dissected via a unilateral sub-
frontal approach. Note on the left side the falx cerebri (F) and
the mesial surface of the left frontal lobe (FL)
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with the subcutaneous layers are reapproximated with
several interrupted absorbable sutures and the skin is
closed with a Donati suture. At the end of the procedure
the Mayfield pin headrest is removed and general anes-
thesia is reversed.

2.3 Subfrontal Bilateral Approach

2.3.1 Positioning and Skin Incision

The patient is carefully placed in a supine position, with
the knees slightly flexed and the head with no lateral ro-
tation, extended and fixed in a three-point Mayfield-
Kees skeletal fixation headrest. This position allows the
frontal lobe to fall away from the anterior cranial floor
and facilitates venous drainage. Fine readjustments of
the patient’s position during surgery are accomplished
by tilting the operating table by Trendelenburg or re-
verse Trendelenburg maneuvers. After a precise defini-
tion of the frontal anatomic landmarks (e.g., the orbital
rim, supraorbital foramen, temporal line and zygomatic
arch), the line of the incision is marked on the skin.
Thereafter the skin is prepared with Betadine solution
and the patient is draped in the usual sterile fashion.

A bicoronal skin incision, posterior to the frontal
hair line, is performed, 13–15�cm from the orbital rim
and 2�cm behind the coronal suture. It starts 0.5–1 cm
anterior to the tragus of the ear and extends in a curvi-
linear fashion up to the opposite side (Fig.�2.5).

Care is taken not to go below the line of the zygo-
matic arch or too anterior to the tragus to avoid fron-
totemporal branches of the facial nerve and the super-
ficial temporal artery. The flap is elevated in a single
skin-aponeurosis layer and Raney’s clips are applied to
the full thickness of the scalp, including plastic drape
in the jaws. Subsequently, it is retracted with temporary
fishhooks, taking care to preserve the supraorbital nerve
as it comes out from the supraorbital foramen. Careful
dissection and minimal retraction of the orbicular and
frontal muscular layer are essential to avoid a postop-
erative periorbital hematoma. Then the pericranium is
taken up separately from the scalp flap. It can be incised
behind the posterior edge of the incision and elevated
off, between the temporal crest bilaterally, to the supra-
orbital margins, as far as the nasofrontal suture anteri-
orly (Fig.�2.6).

Because the frontal sinus is entered during a bilateral
frontal craniotomy, at the end of the procedure the per-
icranium flap is useful during closure. Generally, the
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Fig. 2.5 Drawing showing the skin incision (red line), the cran-
iotomy and the microsurgical anatomic view of the subfrontal bi-
lateral route. This approach provides a wide symmetrical anterior
cranial fossa exposure and easy access to the optic nerves, the
chiasm, the carotid arteries and the anterior communicating ar-
teries complex



temporalis muscle does not require elevation, although
a small amount of dissection along the superior temporal
line may be required sometimes to expose the keyhole
for burr-hole placement. Exposure and mobilization of
the temporal muscle should be restricted to a minimum
to prevent postoperative problems with chewing.

2.3.2 Craniotomy

As general rule, two burr holes are placed at the Mac-
Carty’s keyhole bilaterally. These are positioned in the
anterosuperior margin of the right temporalis muscle,
immediately below the superior orbital ridge for cos-
metic purposes. A third burr hole is placed near the lon-
gitudinal sinus, 4 cm beyond the nasofrontal suture, so
that the dura at this level can be dissected from the bone
more safely, thus avoiding sinus injuries (Fig.�2.7a).

The bone flap is realized with the craniotome, ex-
tending anteriorly as close as possible to the supraor-
bital ridge and posteriorly along the convexity of the
frontal bone. The basal line of the craniotomy involves
both tables of the frontal sinuses. The bone flap is de-
tached from the subjacent dura with blunt elevators,
with special caution over the sagittal sinus (Fig.�2.7b).

Once the frontal sinus has been entered, the mucosa
should be stripped off before the dural opening (frontal
sinus cranialization) and packed with antibiotic-soaked

absorbable gelatin sponge (Gelfoam). A flap of pericra-
nial tissue from the back of the skin flap is turned down
over the sinus and sewn to the adjacent dura. In some
cases, as additional filling materials in this procedure,
the galea capitis, the temporalis fascia, the tensor fascia
lata muscle, or a synthetic or heterologous dural sub-
stitute could be used.
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Fig. 2.6 Anatomical photograph showing the supraorbital nerve
as it comes out from the supraorbital foramen, after the pericra-
nium is taken up separately from the scalp flap and elevated off,
between the temporal crest bilaterally, to the supraorbital mar-
gins anteriorly

Fig. 2.7 Cranial model showing: a the burr holes at the Mac-
Carty’s keyhole bilaterally, while the third burr hole is near the
longitudinal sinus, 4 cm beyond the nasofrontal suture, so that the
dura at this level can be dissected from the inner bone more safely,
thus avoiding sinus injury; b the bilateral subfrontal craniotomy
extended anteriorly as close as possible to the supraorbital ridge
and posteriorly along the convexity of the frontal bone
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2.3.3 Dural Incision and Intradural
Dissection

From this point the procedure is continued with the aid
of the operating microscope. The dural incision is made
symmetrically over each medial inferior frontal lobe
just above the anterior edge of the bone opening. This
incision has to be started at the maximum distance of
3–4�cm away from the midline; it is carried medially to
reach the edge of the sagittal sinus.

In the vicinity of the superior sagittal sinus problems
may be due to injury to the sinus bridging veins, or to
its lacunar evaginations. When veins close to the sinus
are exposed, whether to spare them should be consid-
ered with great care. Indeed, in such a manner damage
to the bridging veins of the anterior frontal lobe can be
avoided, so that these structures could be safely dis-
sected aiming to prevent cerebral edema developing in
the course of the operation. Nevertheless, if a bridging
vein has to be sacrificed or is accidentally injured, bipo-
lar coagulation is performed at a sufficient distance
from the sinus (4–8�mm); the bleeding can also be man-
aged with gentle compression from a hemostatic gauze,
especially if it occurs directly at the sinus.

Generally, retraction on the mesial surface of the
brain is needed for visualization of the falx cerebri
below the sinus. This enable the passing of two sutures
through the falx to the contralateral side under the sinus
in order to tie them over it. Between these two ligatures,
the sinus and the falx cerebri are cut down to its inferior
border as anteriorly as possible to open up the operative
field. As a rule, the inferior longitudinal sinus produces
little or no bleeding, so that bipolar coagulation is suf-
ficient. Complete transection of the falx provides the
surgeon with an excellent and wide overview of the
frontal base. Furthermore, for full utilization of the
craniotomy, a relief incision with elevation sutures is
placed in the corners.

Though, intradural maneuvers start with retraction of
the frontal lobes in a lateral and slightly posterior direc-
tion with the aid of cottonoid sponges to protect the
brain. At this point it is mandatory to proceed with sharp
dissection of both olfactory tracts. The dissection should
be performed in parallel alternating between the left and
the right sides to reduce the risk of avulsion. During the
approach to different lesions a certain degree of brain
relaxation is needed and this is achieved by opening the
sylvian fissure and the basal cisterns, and in the presence
of high intracranial pressure, the lamina terminalis can
be opened to release CSF from the third ventricle. After

the release of CSF, the frontal lobe can be retracted more
fully. The bifrontal craniotomy provides a good
overview of the anterior skull base and gives access to
the suprasellar and retrochiasmatic areas (Fig.�2.5). Dur-
ing the intradural procedure, the surgical field is filled
with Ringer’s solution at body temperature.

At the end of the procedure the dura mater and the
skin are closed as in the unilateral subfrontal approach.
The wide galea-periosteal flap obtained can be used for
reconstruction of the anterior skull base to prevent CSF
leakage. As a rule, bilateral subgaleal suction drains are
positioned and left in place until third postoperative day.

2.4 Complications

The following complications may be encountered:
1. Epileptic seizures and neuropsychological deficit

may occur if the cortex of the frontal lobes is dam-
aged.

2. Anosmia may be caused by direct transection of the
fila olfactoria during surgical manipulation or by is-
chemia if the feeding arteries from the ethmoidal ar-
teries and supplying the olfactory nerves are dam-
aged [8, 9].

3. Visual worsening due to surgical manipulation of the
optic nerves.

4. Infections, CSF leakage, mucocele and pneumo-
cephalus may occur if the dura mater and the frontal
sinus are not properly closed [10].

5. Diabetes insipidus and hormone disturbance may
occur if the pituitary stalk is damaged.

6. Hypothalamic dysfunction such as hyperphagia, hy-
perthermia, obesity and somnolence may occur if
the vascular supply to the hypothalamus from small
perforating arteries of the anterior communicating
artery and from the superior hypophyseal arteries is
damaged.

7. Periorbital swelling is commonly observed on post-
operative days 2 to 3, but spontaneous resolution
tends to occur over time.

2.5 Final Considerations

The classical unilateral or bilateral subfrontal ap-
proaches have their clear and definitive indications for
the treatment of most of the lesions located in the ante-
rior cranial fossa and in the supra- and parasellar area.
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The extent and direction of tumor growth determines
if the unilateral or the bilateral subfrontal approach
should be used [11, 12].

In experienced hands this approach is a safe and re-
liable procedure giving excellent access to the main
neurovascular structures of the anterior cranial base.
Sometimes, particular anatomical conditions such as a
prefixed chiasm or large tuberculum sellae can reduce
the access to the sella turcica. Therefore the importance
of an accurate preoperative neuroradiological assess-
ment for optimum surgical planning is stressed.

The unilateral subfrontal approach can be used also
for lesions with contralateral extension. The cutting of
the falx above the crista galli and saving the superior
sagittal sinus allows access to the contralateral side
(Fig.�2.4).

Usually the approach is performed from the right
side for the convenience of right-handed surgeons. The
craniotomy should be very low and parallel to the or-
bital roof to avoid if possible opening of the frontal
sinus, thus saving time in the reconstruction phase and
reducing postoperative complications as infections,
pneumocephalus, mucocele and CSF leakage. The dura
mater should always be opened under microscopic
magnification to better perform fine dissection so that
the draining veins from the frontal lobe to the superior
sagittal sinus are preserved, even if they must be
stretched to achieve adequate exposure.

A self-retaining retractor, when used, should be gen-
tly placed on the frontal lobe surface in order to avoid
olfactory filament avulsion from the cribriform plate
[13]. To reduce the possibility of such an event, the ol-
factory cistern should be opened with sharp instruments
in a proximal to distal direction in order to identify the
bulb early. The surgeon should keep in mind that post-
operative olfactory nerve dysfunction may not only be
caused by disruption of the anatomical integrity of the
nerves but also by direct compression with damage to
the microvascular feeders coming from the ethmoidal
arteries. Heavy and prolonged retraction should be
avoided to reduce the risk of frontal lobe swelling. The
degree of swelling is directly related to the force and
duration of retraction.

We stress the importance of:
1. Head position: if the head is tilted back sufficiently,

the brain tends to fall away from the roof of the orbit.
2. CSF drainage through a previously placed spinal

lumbar needle and intraoperative early opening of
the arachnoidal cisterns. Additional room can be
provided by using osmotic diuretics and hyperven-
tilation.

Once the ipsilateral optic nerve is visualized, the
arachnoidal layer that bends the nerve to the frontal
lobe is divided with sharp and blunt dissection to ex-
pose the contralateral optic nerve and backwards the
chiasm. Often, exposure of the chiasm can be facilitated
by opening the Sylvian fissure and the optocarotid cis-
tern in order to separate the frontal and temporal lobes
so that the frontal lobe can fall back farther.

At this point the tumor may be identified between
the optic nerves, in either opticocarotid triangle, lateral
to the carotid artery, and may extend around the pitu-
itary stalk to the sella turcica and posteriorly in the third
ventricle. The most frequent lesions in this area are
meningiomas [14–17], suprasellar macroadenomas,
craniopharyngiomas [18–20] and aneurysms [21].

In dealing with these lesions located in the anterior
cranial fossa, the greatest risk to the patient comes from
injury to the optic apparatus, the third nerve, the inter-
nal carotid arteries, the anterior communicating artery
complex, the middle cerebral arteries, the basilar artery,
the posterior communicating arteries and the choroidal
arteries. These neurovascular structures could be em-
bedded in or stretched by the tumor (Fig.�2.8). Optic
nerves compressed or distorted by the mass should be
never manipulated to avoid further visual loss. More-
over, the perforating arteries of the anterior circulation
could be damaged because the surgeon fails to recog-
nize them. None of the arteries should be coagulated
until the surgeon is completely sure that they are arter-
ies exclusively feeding the tumor.
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Fig. 2.8 Intraoperative microsurgical photograph showing both
optic nerves diverging from the optic chiasm, with the left one
stretched by a thin layer of arachnoid that still bends over it



Finally, both unilateral and bilateral subfrontal ap-
proaches, if from one side allow excellent visualization
of the anterior cranial fossa with early control and man-
agement of the basal attachment of the lesion and of the

proximal neurovascular structures, from the other side
the surgeon has late visualization and control of the
neurovascular structures dislocated at the posterior pole
of the tumor.
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3.1 Introduction

The supraorbital eyebrow craniotomy is an anterolat-
eral approach that allows the surgeon to address diverse
pathology of the anterior cranial fossa, parasellar re-
gion, proximal sylvian fissure, ipsilateral circle of
Willis, basal frontal lobe, and ventral brainstem. When
supplemented with intracranial endoscopy, lesions of
the lateral cavernous sinus, pituitary fossa, contralateral
circle of Willis, and ipsilateral retroorbital space may
be addressed. The goals of the approach are to treat
neurosurgical lesions using a less-invasive technique,
limit brain retraction and tissue trauma by exploiting
anatomic corridors, offer comparable safety and effi-
cacy relative to standard approaches, and yield a good
cosmetic result. 

Because of increased emphasis on smaller cran-
iotomies tailored to specific pathology, the supraorbital
craniotomy has evolved as a result of stepwise modifi-
cations to standard subfrontal and anterolateral ap-
proaches, which involve generous skin and bone flaps
[1–10]. The supraorbital craniotomy is a “keyhole cran-
iotomy” with important strengths and limitations [11].
This chapter reviews the surgical technique and pro-
vides case examples to illustrate how this approach may
be correctly and incorrectly applied. The role of neu-
roendoscopy to expand operative indications is also dis-
cussed. The insights in this chapter represent practical
advice from the senior author (C.T.), who has per-
formed 170 procedures in children and adults.

3.2 Indications

Lesions appropriately approached by this keyhole
craniotomy have been the subject of discussion in re-
cent literature; the choice depends, in part, on surgeon
preference and experience and, in part, on the anatom-
ical constraints imposed by the exposure and the char-
acteristics of the lesion (Table�3.1).

Aneurysms are the most commonly reported pathol-
ogy [12–17]. In the largest aneurysm series to date,
Reisch and Perneczky treated 229 (112 ruptured) le-
sions through this approach and reported a 2.2% rate
of residua [12]. Their series included 21 patients with
giant aneurysms and 50 patients with posterior circu-
lation aneurysms. Intraoperative rupture occurred in
four patients.

Brydon et al. recently reported their results in 50
patients with ruptured aneurysms. They applied the ap-
proach to anterior circulation lesions, with the excep-
tion of ophthalmic and middle cerebral artery lesions.
They concluded that the approach offers the opportu-
nity to repair ruptured aneurysms safely with minimal
brain retraction [17]. Mitchell et al. described a series
of 47 patients with unruptured anterior circulation
aneurysms [14]. They did not treat patients with rup-
tured aneurysms or anterior projecting anterior com-
municating artery aneurysms.

Taken together, these reports indicate that clip liga-
tion of selected anterior and posterior circulation
aneurysms is feasible and achieves outcomes that are
similar in experienced hands to the outcomes achieved
using standard approaches; good occlusion rates are ob-
tainable despite the smaller working area, and the sur-
geon is able to gain proximal and distal vessel control
to secure intraoperative aneurysm rupture.
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Tumors of the parasellar region and anterior skull
base can be safely addressed through the supraorbital
approach. Our experience suggests that even large tu-
mors intermingled with neurovascular structures can be
removed. Furthermore, prominent vascularity is not a
contraindication for the approach. The senior author has
previously described his initial experience with neu-
roendoscopy and craniopharyngiomas, and has now
treated 65 patients [18]. Total macroscopic excision
was achieved in 60 (92%). These views are shared by
Reisch and Perneczky who reported on 39 cranio-
pharyngiomas and 23 pituitary adenomas [12]. They
achieved gross total resection in 29 craniopharyn-
giomas (74%) and 19 adenomas (83%) with limited ap-
proach-related morbidity and excellent overall out-
come. This corridor is also used for anterior skull-base
meningiomas, including tumors of the orbital roof, tu-
berculum sella, and anterior clinoid process. Melamed
et al. treated nine anterior skull-base meningiomas and
noted satisfactory visualization, working space, and
good resection rates with limited complications [19].

Other reported indications for the supraorbital ap-
proach include epidural abscess, orbital lesions, ventral
midbrain tumors, and trauma. Noggle et al. reported
three pediatric patients with frontal abscesses second-
ary to facial infections that were drained through this
approach [20]. Caution should be used in treating dural
or epidural lesions, such as abscesses, because the size
of the craniotomy limits the area of dura that can be ex-
posed. In these cases, the pathology was localized to
beneath the flap and, therefore, appropriate. Orbital le-
sions that extend in proximity to the orbital roof may
also be approached through the subfrontal corridor. The
senior author has operated on 12 patients with intraor-
bital pathology such as meningiomas and heman-

giomas. Neuroendoscopy and angled instruments are
helpful to look over the orbital rim and achieve the cau-
dally oriented operative trajectory. 

In addition to orbital tumors, ventral midbrain le-
sions such as cavernomas and pilocytic astrocytomas
are also accessible. This approach provides access to
the cerebral peduncles by working through the window
between basilar perforators. If resection of a brainstem
lesion is planned, a contralateral trajectory often pro-
vides a better angle of attack [21]. The final class of
pathology treated is anterior skull-base trauma. The
supraorbital craniotomy has been used to repair skull-
base fractures with associated spinal fluid leakage, ad-
dress skull defects from penetrating injury, and remove
bony fragments compressing the optic nerve [19].

3.3 Patient Selection

Appropriate patient selection is paramount when ap-
plying the supraorbital approach to intracranial pathol-
ogy because it is a keyhole craniotomy with targeted
access. In general, lesions of the anterior skull base, cir-
cle of Willis, parasellar region and cavernous sinus can
be addressed, as is described above in the Introduction.
However, there are several important caveats. Thought-
ful planning, familiarity with alternative craniotomies,
and careful evaluation of the benefits and disadvantages
of the respective approaches will achieve the best result
for the patient. 

First, the size of the frontal sinus must be considered.
When breached, the incidences of infection and CSF
rhinorrhea are increased. Furthermore, a large frontal
sinus displaces the craniotomy laterally altering the op-
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Table 3.1 Selected case series utilizing the supraorbital approach.

Reference Number of patients treated Pathology addressed Endoscope 

[12] 450 Tumors (meningioma, craniopharyngioma, adenomas, No
brainstem), aneurysms

Teo et al., 170 Tumors (meningioma, craniopharyngioma, brainstem, Yes
(unpublished) third ventricle), trauma, aneurysms, orbital lesions

[13] 91 Anterior circulation aneurysms No

[17] 50 Anterior circulation aneurysms No

[14] 47 Anterior circulation aneurysms No

[16] 37 Anterior circulation aneurysms Yes

[19] 25 Tumors, trauma, tuberculoma, arteriovenous malformation Yes

[20] 3 Frontal epidural abscess No



erative trajectory and limits the size of the bony open-
ing. If the sinus is entered, Brydon et al. have shown
that repair using bone putty may be successful [17]. 

The second limitation is a skull-base lesion that ex-
tends from the anterior cranial fossa to the middle fossa
floor. Since the exposure provided by the supraorbital
approach is primarily of the anterior fossa, the view of
the middle fossa floor and lateral cavernous sinus
tucked behind the lesser sphenoid wing is poor
(Fig.�3.1). In our opinion, these lesions are better ad-
dressed through a standard pterional craniotomy or or-
bitozygomatic craniotomy, which provide greater ex-
posure of the middle fossa floor and lateral cavernous
sinus (Fig.� 3.2). Reports of medial sphenoid wing

meningiomas removed through this technique should
be viewed cautiously [22]. 

The third limitation is represented by large olfactory
groove meningiomas where gross total resection is de-
sired. Because the ability to look cephalad through the
supraorbital approach is limited by the orbital rim, these
lesions may be better approached by other means, such
as a bifrontal craniotomy or endonasal exposure. Fur-
thermore, in order to address anterior midline struc-
tures, the surgeon must look over the orbital roof. Con-
sider the orbital roofs as two mountains and the
cribriform plate as the valley. The valley is deepest an-
teriorly, just behind the frontal sinus, and becomes shal-
lower as it merges with the tuberculum sella posteriorly.
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Fig. 3.1 Anatomical constraints of the supraorbital approach.
a, b Coronal T1-weighted MR images with gadolinium contrast
enhancement in a patient with a sphenoid wing meningioma: a pre-
operative; b postoperative (arrows residual tumor attached to the
lateral cavernous sinus and floor of the middle fossa). This ap-
proach provides excellent access to the anterior cranial fossa and
parasellar region, but visualization of the middle fossa is limited
because of the sphenoid ridge. c Illustration of the skull base
demonstrates appropriate targets (hatched area) for the supraor-
bital craniotomy. Other bony structures that limit exposure in-
clude the orbital roof, which impairs visualization of the medial
anterior cranial fossa, and the posterior clinoid processes and ten-
torium, which limit infratentorial exposure
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The deeper the valley or the more prominent the moun-
tains, the more restricted the access. 

The fourth limitation is superficial dural based tu-
mors where the dural attachment or tail extends beyond
the area visualized by the craniotomy. A standard fron-
totemporal incision and larger frontal craniotomy are
needed in this instance in order to resect the dural tail.
One important element of the keyhole concept is that
the area of exposure is small at the craniotomy site, but
it increases as one proceeds from the bone edge to
deeper structures.

3.4 Anatomical Studies

Cadaveric studies have contributed to the refinement
of the indications for supraorbital craniotomy and better
delineated the relevant anatomy. When compared to the
pterional and orbitozygomatic exposures using the cir-
cle of Willis as the surgical target, supraorbital cran-
iotomy yields a similar working area [23]. As expected,

however, the maximum working angles are signifi-
cantly less in the supraorbital craniotomy, suggesting
that surgical freedom is constrained relative to standard
approaches. These findings underscore the importance
of a measured preoperative plan. 

Kazkayasi et al. evaluated the anterior cranial land-
marks to better define the safe zones for the craniotomy
[24]. They studied the location of the supraorbital fora-
men/notch and its position relative to the frontal sinus
in 30 adult skulls. In 33% of the skulls, the supraorbital
foramen (the key medial landmark for planning the in-
cision and craniotomy) was within the border of the
frontal sinus. This work suggests that care must be
taken to trace out the location of the frontal sinus as a
routine step in preoperative planning rather than relying
on anatomic surface landmarks. 

Andersen et al. reviewed the courses of the supraor-
bital and supratrochlear nerves in ten cadavers [25].
They noted that both nerves have significant anatomical
variability. Consequently, the nerves may be disrupted
as part of the opening despite the use of anatomical
landmarks for surgical planning. Therefore, patients
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Fig. 3.2 Illustrations comparing the incision and bony exposure in a supraorbital craniotomy with those in a pterional craniotomy.
a The supraorbital craniotomy utilizes the subfrontal corridor and involves a frontobasal burr hole and removal of a small window
in the frontal bone. b The pterional craniotomy utilizes a frontotemporal incision and removal of the frontal and temporal bones and
sphenoid wing. The pterional craniotomy primarily exploits the sylvian fissure
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should be counseled on the possibility of forehead
numbness as a routine part of informed consent.

3.5 Application of Neuroendoscopy

Neuroendoscopy has been used by some practitioners
to optimize the treatment of lesions managed through
a supraorbital craniotomy. Neuroendoscopy helps ad-
dress some of the limitations of the minimal access
technique, namely, limited working angles and illumi-
nation in the depth of the operative field. The 0° endo-
scope provides a line-of-site view with high magnifi-
cation and excellent illumination. We use the 30°
endoscope and angled instruments to assess for tumor
remnants around corners that are out of view of the mi-
croscope. The angled endoscope is also useful for eval-
uating the sella after pituitary adenoma removal, in-
specting aneurysm ligation to ensure no perforators
have been incorporated in the clip, and detecting
aneurysm “dog ears” [13, 16]. Occasionally, we operate
with the endoscope as the only source of light and vi-
sualization when the target lesion is deep-seated, such
as third ventricular or midbrain pathology. Two exam-
ples of fully endoscopic technique have been provided
by Kabil and Shahinian, who performed resections of
two middle fossa arachnoid cysts and two sphenoid
wing meningiomas [22, 26]. Menovsky et al. used an
endoscopic technique for lesions of the interpeduncular
fossa [27].

3.6 Surgical Technique

Several authors have published their technique for per-
forming the supraorbital eyebrow craniotomy [8–10,
14, 15, 28]. Presented below are the steps that we fol-
low supplemented with the modifications and sugges-
tions of other groups (Figs.�3.2 and 3.3).

The patient is placed supine with 20° of reverse
Trendelenberg position to facilitate venous drainage.
The head is positioned with 20° of neck extension to
allow the frontal lobe to auto-retract. The degree of
head rotation towards the contralateral side is deter-
mined by the location of the pathology. Ipsilateral le-
sions require less head rotation (15–30°) than lesions
of the olfactory groove and tuberculum sella (45–60°).
After application of lubricant to the ipsilateral eye, a
temporary tarsorrhaphy suture is placed to protect the

cornea and sclera from the skin preparation agent. The
hair is not shaved.

There are several options when making the initial
skin incision. We prefer to make the incision within the
eyebrow at its most superior margin. Others place the
incision within a skin fold above the eyebrow arguing
that it provides better access to the frontal floor [17].
The supraorbital notch can usually be palpated through
the skin and serves as the medial limit of the skin inci-
sion. The incision is carried to the lateral margin of the
eyebrow. If necessary, it can be extended up to 1�cm
lateral to this point with a cosmetically pleasing result.
Lateral exposure must be sufficient to place the fronto-
basal burr hole.

To maximize exposure, the skin edges are under-
mined. We prefer to incise the frontalis muscle in the
line of the incision. Next, an inferiorly based U-shaped
pericranial flap is incised and elevated. The margins of
the skin incision are retracted with fish-hooks. The tem-
poralis muscle is then elevated to expose the keyhole
region and a small burr hole is placed to expose the
frontal lobe dura. If a one-piece frontal craniotomy and
orbital osteotomy is planned, the periorbita is also ex-
posed with the burr hole. The supraorbital craniotomy
is generally 2 to 3�cm wide and 1.5 to 2�cm high. The
craniotomy must be large enough to accommodate fully
opened bipolar forceps. When the supraorbital fora-
men/notch is lateral to the frontal sinus, it will serve as
the inferomedial limit to the craniotomy. Otherwise, the
craniotomy should be taken to the margin of frontal
sinus without violating it. Frameless stereotactic guid-
ance may be used to localize the frontal sinus. The base
of the craniotomy should be taken as low as possible
and parallel to the orbital roof. It is essential to drill flat
the extradural bony ridges of the orbital roof prior to
dural opening in order to maximize exposure.

The dura is opened in U-shaped fashion with its flap
based inferiorly. No retractors are used. The proximal
sylvian fissure and the interchiasmatic, opticocarotid,
and carotid-oculomotor cisterns are opened for CSF re-
lease and brain relaxation. These latter three corridors
are the primary working windows from the subfrontal
approach. After the pathology of interest has been ad-
dressed, the dura is closed in watertight fashion. The
bone is fixated with low-profile titanium plates. Dem-
ineralized bone matrix may be used to fill in the cran-
iotomy line. Closure proceeds in layers. The skin is
reapproximated by 3-0 nylon subcuticular closure with-
out knots. The loose ends of this closure are tied over a
nonadherent perforated plastic film dressing. The suture
is removed on the fifth postoperative day.
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The orbital rim can be removed to achieve a flatter
operative trajectory and decrease brain retraction. Fur-
thermore, it is possible to look in a more cephalad angle
for tumors that extend up from the skull base. To incor-
porate the orbital rim with the craniotomy, the recipro-
cating saw is used to make a cut through the superior
orbital rim at the medial limb of the craniotomy and
through the lateral orbital rim just above the frontozy-

gomatic suture. The orbital roof can be fractured
through the burr hole. The disadvantages of removing
the orbital roof include additional patient discomfort,
and if there is a tear of the periorbita and dura during
the bony work, the orbital fat can obscure visualization.
Whether the surgeon chooses to remove the orbital rim
or not, it is always advisable to drill down the ridges on
the orbital roof to achieve the flattest possible trajectory.
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Fig. 3.3 Technique of the right supraorbital approach compiled
from intraoperative photographs in several patients. a The inci-
sion is planned at the margin of the eyebrow (solid line) and can
be extended laterally (horizontal dashed line) if needed with a
good cosmetic result. The course of the supraorbital nerve is
demonstrated (vertical dashed line). b A pericranial flap is re-
flected anteriorly and secured with sutures. The temporalis is el-
evated to expose the site for the frontobasal burr hole. A single
burr hole is fashioned at position X. c The orbital roof is drilled
flat to improve visualization. d At the conclusion, the C-shaped
dural flap is closed water-tight and the bone is replaced with low-
profile titanium plates. e Appearance of the incision at one year
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3.7 Case Examples

3.7.1 Case 1

This healthy 72-year-old woman presented with left-
sided hearing loss (Fig.�3.4). Imaging revealed a petro-

clival meningioma with brainstem compression. Pre-
operative MRI suggested that the basilar artery, left
posterior cerebral artery, and deep veins were involved
with tumor. We planned a two-stage approach to the le-
sion. In the first stage we utilized a supraorbital eye-
brow craniotomy to resect the supratentorial compo-
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Fig. 3.4 Case example 1. a – c T1-weighted gadolinium enhanced MR images in a 72-year-old woman with a petroclival meningioma
with brainstem compression (a preoperative coronal, b preoperative axial, c postoperative coronal). A supraorbital approach was
planned as the first stage in a two-stage strategy with the modest goal of removing the supratentorial component of the tumor and
separating it from the basilar perforators and proximal posterior cerebral artery before commencing with a retrosigmoid approach.
d Intraoperative endoscopic view of the brainstem and abducens nerve. This case nicely illustrates the supratentorial access afforded
by the approach, and highlights the limitations of exposure even when neuroendoscopy is used. Complete resection requires a second
posterior fossa approach (BA basilar artery, BS brainstem, T tumor, Tent. tentorium, VI abducens nerve)
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nent of the tumor and release the posterior cerebral ar-
tery and basilar artery. Because of the favorable tumor
characteristics, we were able to resect the entire supra-
tentorial component and most of the posterior fossa
component using angled instrumentation supplemented
with neuroendoscopy to look down the clivus. The ab-
ducens nerve and decompressed brainstem were ob-
served at the conclusion of the procedure. 

This case example highlights several important
considerations. First, it demonstrates how angled in-
strumentation and neuroendoscopy can expand what
is considered to be the traditional working area of an
anterolateral approach. Second, it illustrates the limits
of anatomic exposure caused by the tentorium and
posterior clinoid processes; residual tumor is noted on
the undersurface of the tentorium. The reader should
note that the degree of resection achieved was greater
than would be expected from a supratentorial ap-
proach because the tumor was soft and easily removed
with suction.

3.7.2 Case 2

This 26-year-old man had a previous standard bicoro-
nal incision and large frontal craniotomy for incom-
plete debulking of a left frontal, low-grade tumor
(Fig.�3.5). The patient presented to our institution for a
second opinion. Using the “two-point” rule that under-
scores the importance of picking a surgical trajectory
that is in line with the long axis of the lesion, preoper-
ative calculations showed that an anterior approach
would be better than the superior approach adopted by
the previous neurosurgeon. A complete macroscopic
resection was accomplished using a supraorbital cran-
iotomy. 

This case example demonstrates how intraaxial tu-
mors which present to the basal frontal lobe can be ad-
dressed through this approach.

3.7.3 Case 3

This 40-year-old man complained of retroorbital pain
and diplopia, and was found to have a lesion within the
right retroorbital space (Fig.�3.6). A complete removal
was achieved through an eyebrow approach. 

This case example demonstrates how lesions of the
superior orbit and orbital apex may be addressed
through this corridor. The craniotomy provides excel-

lent access to the ipsilateral orbital roof, but angled in-
struments and neuroendoscopy are helpful for optimiz-
ing the caudally directed operative trajectory.
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Fig. 3.5 Case example 2. a, b Axial T1-weighted gadolinium-en-
hanced MR images in a 26-year-old man with a frontal low-grade
glioma resected through the supraorbital approach (a preopera-
tive, b postoperative). c Immediate postoperative photograph con-
trasting the bifrontal incision used by another neurosurgeon and
the eyebrow incision used to achieve a complete resection. In this
case, the supraorbital approach afforded a more direct corridor to
the tumor
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3.8 Complications and Complication
Avoidance

3.8.1 Complications

The eyebrow supraorbital craniotomy has a unique set
of approach-related complications. Unfortunately, most
series lack a thorough assessment and do not distin-
guish between approach-related morbidity and overall
morbidity, but some data are available from Reisch and
Perneczky [12]. The most common approach-related
complications are frontal numbness (7.5%) from injury
to the supraorbital nerve and frontalis palsy (5.5%). Vi-
olation of the frontal sinus can cause CSF rhinorrhea
(reported in 4% of patients). Rarely, patients will com-
plain of painful mastication because of elevation of the
temporalis muscle at the superior temporal line during
the opening. 

In addition to the complications described by Reisch
and Perneczky, we have noted two others (Fig.�3.7).
First, we have had two patients with burning of the eye-
brow skin from the heat generated by the operating mi-
croscope light on 100% intensity. No such burns have
been experienced since turning the illumination down
to 70% and narrowing the cone of light. Second, we
have had one patient with bone flap subsidence noted
at the 3-year follow-up. This may be repaired with
acrylic bone substitute if desired.

3.8.2 Complication Avoidance

To avoid supraorbital nerve injury, the skin incision
should be limited medially by the supraorbital fora-
men/notch. It is nearly always possible to identify and
preserve the supraorbital nerve during dissection as it
emerges from its intraorbital course. Andersen et al.
noted that the courses of the supraorbital and supra-
trochlear nerves are variable, so despite careful plan-
ning, surgeons should expect that a small percentage of
patients will develop this minor adverse event despite
meticulous dissection [25]. Occasionally, the supraor-
bital nerve is intentionally sacrificed because it can take
a course over the planned craniotomy. Frontalis palsy
is caused by inadvertent nerve section at the lateral as-
pect of the incision. Unlike the supraorbital nerve, the
frontalis branch of the facial nerve is difficult to iden-
tify. Therefore, limiting the lateral extension of the in-
cision can diminish the frequency of nerve palsy.
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Fig. 3.6 Case example 3. a, b Preoperative sagittal CT image (a)
and T1-weighted gadolinium-enhanced axial MR image (b) in a
40-year-old man with an intraorbital lesion adjacent to the orbital
roof. c Complete resection was achieved through an eyebrow ap-
proach by removing the orbital roof and incising the periorbita
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Of the reported complications, CSF rhinorrhea can
be the most troublesome to manage. The incidence can
be reduced by fashioning the craniotomy lateral to the
frontal sinus. Neuronavigation can be used to mark the
location of the sinus prior to the craniotomy. If the
frontal sinus is violated, the mucosa can be stripped,
the sinus packed with Betadine-soaked Gelfoam, mus-
cle or fat, and covered with the vascularized pericranial
flap harvested during the opening. If CSF leakage de-
velops despite these maneuvers, lumbar drainage and
re-exploration should be considered.

3.9 Criticisms of Supraorbital Eyebrow
Craniotomy

As with other less-invasive techniques, understanding
the limitations of the supraorbital approach is essential
for good decision making. Knowledge of the criticisms
will help the clinician refine patient selection and im-
prove operative technique. The most common criticism
is the decrease in surgical freedom offered by the eye-

brow craniotomy compared to larger, standard ap-
proaches such as the pterional and orbitozygomatic
craniotomies. The concern is that it will be more diffi-
cult for the surgeon to manage intraoperative compli-
cations. One frequently cited example is intraoperative
rupture of an aneurysm. To obtain control, the surgeon
may need to alter his surgical trajectory. As the litera-
ture has demonstrated, surgeons experienced with the
approach are able expeditiously to manage intraopera-
tive rupture. However, there is little space to accom-
modate a “third hand” for rapid suction if needed. 

Another common criticism is that this approach is
not suitable for complex skull-base lesions which are in-
timately involved with critical neurovascular structures.
Some argue that different angles of view are required to
fully visualize and protect them. Fortunately, the use of
angled endoscopes may address this concern. The third
criticism regards the incision; when it becomes infected
the cosmetic result is suboptimal. An infected incision
behind the hairline may ultimately yield a better result.
Finally, and most importantly, it has not been demon-
strated definitively that this approach offers improved
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Fig. 3.7 Approach-related complications. a, b Photographs at
1�year (a) and 3�years (b) in a patient who had undergone resec-
tion of a parasellar lung metastasis demonstrating subsidence of
the craniotomy. The incision was placed in a prominent skin
crease in the patient’s forehead. c Postoperative photograph in a
male who sustained a burn from the microscope light
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morbidity when compared to standard approaches,
though it is our impression that patients experience less
postoperative pain and have a shorter hospital stay.

3.10 Practical Advice: Getting Started
with Supraorbital Eyebrow
Craniotomy

To gain expertise in the supraorbital craniotomy, we
recommend starting with cadaveric dissections to de-
velop a better understanding of the anatomical corridors
and working angles. When applying the approach to pa-
tients, we recommend starting with standard ap-
proaches and paying close attention to the portion of
the craniotomy actually used for access to various le-
sions. Gradually, the size of the craniotomy can be re-
duced and tailored to specific pathology as expertise
develops. The first supraorbital craniotomies should be
performed on patients with simpler pathology (i.e. cysts
and small tumors) advancing to vascular lesions and
large, deep tumors. 

Since the angle of attack is different from standard
frontolateral approaches, the surgeon must be prepared
to alter his hand position for placing aneurysm clips,
for example. Low-profile and bayoneted instruments
are especially helpful in improving visualization at the
tips. Concurrently, the surgeon should apply the endo-

scope in all cases to learn how to exploit its superior il-
lumination and ability to look around corners. We rec-
ommend using 0° and 30° endoscopes.

3.11 Summary

The supraorbital craniotomy is a keyhole approach to
the anterior cranial fossa, parasellar region, circle of
Willis, and ventral brainstem that has been successfully
utilized to treat skull-base tumors, vascular lesions, trau-
matic lesions and arachnoid cysts. This approach ex-
ploits the normal subfrontal anatomic corridor and the
basal cisterns to limit brain retraction and achieve wide
exposure of the anterior cranial base with a satisfying
cosmetic result. The technique is technically challeng-
ing, requiring stepwise training with progressively more
limited craniotomies and lesions of increasing difficulty. 

It is essential for the surgeon to understand the com-
plications and limitations of the approach in order to
select appropriate patients. Some practitioners have ap-
plied the endoscope to expand the indications for the
approach because it improves visualization at the
depths of the field and allows inspection of pathology
hidden from the view of the operating microscope. Sur-
geons should familiarize themselves with the supraor-
bital craniotomy’s unique approach-related morbidity
in order to more effectively counsel patients.

3 Supraorbital Eyebrow Approach 37

References

1. Frazier CH (1913) I. An approach to the hypophysis through
the anterior cranial fossa. Ann Surg 57:145–150

2. Krause F (1908) Chirurgie des Gehirns und ruckenmarks
nach eigenen erfahrungen. Urban & Schwartzenberg, Berlin

3. Al-Mefty O (1987) Supraorbital-pterional approach to skull
base lesions. Neurosurgery 21:474–477

4. Fujitsu K, Kuwabara T (1985) Zygomatic approach for le-
sions in the interpeduncular cistern. J Neurosurg 62:340–
343

5. Maroon JC, Kennerdell JS (1984) Surgical approaches to the
orbit: indications and techniques. J Neurosurg 60:1226–1235

6. Zabramski JM, Kiris T, Sankhla SK et al (1998) Orbitozy-
gomatic craniotomy: Technical note. J Neurosurg 89:336–
341

7. Yasargil MG, Fox JL, Ray MW (1975) The operative ap-
proach to aneurysms of the anterior communicating artery.
In: Krayenbuhl H (ed) Advances and technical standards in
neurosurgery. Springer, Vienna, pp 113–170

8. Reisch R, Perneczky A, Filippi R (2003) Surgical technique
of the supraorbital key-hole craniotomy. Surg Neurol
59:223–227

9. Czirjak S, Nyary I, Futo J, Szeifert GT (2002) Bilateral
supraorbital keyhole approach for multiple aneurysms via
superciliary skin incisions. Surg Neurol 57:314–323

10. Jho HD (1997) Orbital roof craniotomy via an eyebrow in-
cision: a simplified anterior skull base approach. Minim In-
vasive Neurosurg 40:91–97

11. Perneczky A, Muller-Forell W, van Lindert E, Fries G
(1999) Keyhole concept in neurosurgery. Thieme, Stuttgart

12. Reisch R, Perneczky A (2005) Ten-year experience with the
supraorbital subfrontal approach through an eyebrow skin
incision. Neurosurgery 57 (4 Suppl):242–255

13. Lan Q, Gong Z, Kang D et al (2006) Microsurgical experi-
ence with keyhole operations on intracranial aneurysms.
Surg Neurol 66 (Suppl 1):S2–S9

14. Mitchell P, Vindlacheruvu RR, Mahmood K et al (2005)
Supraorbital eyebrow minicraniotomy for anterior circula-
tion aneurysms. Surg Neurol 63:47–51

15. van Lindert E, Perneczky A, Fries G, Pierangeli E (1998)
The supraorbital approach to supratentorial aneurysms: con-
cept and technique. Surg Neurol 49:481–489

16. Paladino J, Pirker N, Stimac D, Stern-Padovan R (1998)
Eyebrow approach in vascular neurosurgery. Minim Inva-
sive Neurosurg 41:200–203



17. Brydon HL, Akil H, Ushewokunze S et al (2008) Supraor-
bital microcraniotomy for acute aneurysmal subarachnoid
haemorrhage: results of first 50 cases. Br J Neurosurg
22:40–45

18. Teo C (2005) Application of neuroendoscopy to the surgical
management of craniopharyngiomas. Childs Nerv Syst
21:696–700

19. Melamed I, Merkin V, Korn A, Nash M (2005) The supra-
orbital approach: an alternative to traditional exposure for
the surgical management of anterior fossa and parasellar
pathology. Minim Invasive Neurosurg 48:259–263

20. Noggle JC, Sciubba DM, Nelson C et al (2008) Supraciliary
keyhole craniotomy for brain abscess debridement. Neuro-
surg Focus 24:E11

21. Little AS, Jittapiromsak P, Crawford NR et al (2008) Quan-
titative analysis of exposure of staged orbitozygomatic and
retrosigmoid craniotomies for lesions of the clivus with
supratentorial extension. Neurosurgery 62 (5 Suppl 2):
ONS318–23

22. Kabil MS, Shahinian HK (2006) The endoscopic supraor-
bital approach to tumors of the middle cranial base. Surg
Neurol 66:396–401

23. Figueiredo EG, Deshmukh V, Nakaji P et al (2006) An
anatomical evaluation of the mini-supraorbital approach and
comparisons with standard craniotomies. Neurosurgery 59
(4 Suppl 2):ONS212–20

24. Kazkayasi M, Batay F, Bademci G et al (2008) The mor-
phometric and cephalometric study of anterior cranial land-
marks for surgery. Minim Invasive Neurosurg 51:21–25

25. Andersen NB, Bovim G, Sjaastad O (2001) The frontotem-
poral peripheral nerves. Topographic variations of the
supraorbital, supratrochlear and auriculotemporal nerves
and their possible clinical significance. Surg Radiol Anat
23:97–104

26. Kabil M, Shahinian HK (2007) Fully endoscopic supra-
orbital resection of congenital middle cranial fossa arach-
noid cysts: report of two cases. Pediatr Neurosurg
43:316–322

27. Menovsky T, Grotenhuis JA, de Vries J, Bartels RH (1999)
Endoscope-assisted supraorbital craniotomy for lesions of
the intrapeduncular fossa. Neurosurgery 44:106–110

28. Jallo GI, Bognar L (2006) Eyebrow surgery: the supraciliary
craniotomy: technical note. Neurosurgery 50 (1 Suppl 1):
ONSE157–158

38                                                                                                                                                                                                                      A. S. Little et al.



4.1 Introduction

The frontotemporal approach, popularized by Yasargil
for the treatment of intracranial aneurysms [1], is still
one of the most versatile and widely used approaches
in contemporary neurosurgery. It has also been em-
ployed for a large number of other applications, such
as lesions of the sellar region, the cavernous sinus, and
the anterior and middle cranial fossa, and as a basic
module for more complex approaches to the skull base.
The widely recognized advantage of the frontotemporal
craniotomy is the enhanced exposure of deep neurovas-
cular structures, which offer a shorter and wider view
of the surgical target. The immediate release of cere-
brospinal fluid from the basal cisterns and the early vi-
sualization of the neurovascular structures result in a
significant reduction in brain retraction and preserva-
tion of the normal vascular anatomy. Furthermore, it al-
lows the early identification of the ipsilateral internal
carotid artery, thus providing an early proximal vascu-
lar control.

Although Krause [2] and Dandy [3] were among the
first to describe and publish the frontotemporal cran-
iotomy, the real father of this approach was George J.
Heuer [4], a pioneer in neurosurgery at the John Hop-
kins Hospital. He was the first full-time assistant in the
Hunterian Laboratory directed by Harvey Cushing,
who trained him in neurosurgery [5]. He developed this
craniotomy to resect chiasmatic lesions, which included
hypophyseal, optic nerve and suprasellar tumors. How-

ever, one century has elapsed since this early formula-
tion; the indications provided by George J. Heuer still
remain adequate.

Modern neurosurgical techniques have been com-
pared for years to balance the need to minimize brain
retraction and maximize surgical exposure [1, 6, 7]. The
development of the neurosurgical operative environ-
ment is actually driven principally by parallel evolution
in science and technology. Important tools including
neuroendoscopic techniques as well as neuronavigation
and advanced intraoperative imaging, reflect the effort
to reduce morbidity and brain trauma, and to optimize
the position, reduce the size and tailor the shape of the
craniotomy.

4.2 Positioning

The hair should be cut before the patient enters the op-
erating room. Shaving the whole head might be unnec-
essary; we prefer only to shave the area of the skin in-
cision a couple of centimeters behind and in front. The
patient is placed in the supine position on the operating
table with the legs propped up on pillows. The head is
rotated to the side contralateral to the approach by ap-
proximately 30° and fixed to the Mayfield-Kees pin
headrest. The two-pin arm is placed on the contralateral
side. The anterior pin is placed over the frontal bone
inside the hairline, close to the pupillary line, and the
posterior pin is placed within the parietal bone, above
the superior temporal line, taking care to avoid pene-
tration of the temporal muscle which would increase
instability of the head and postoperative discomfort.
The single pin is fixed behind the ear, superior to the
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mastoid process, within the parietal bone. The vertex
of the head is then tilted down 10–15° such that the
malar eminence is almost the highest point of the oper-
ative field (Fig.�4.1). Once the patient is well fixed to
the operating table to ensure the position while the table
is tilted, the torso is then flexed downward so that the
head is slightly above the level of the heart to favor ve-
nous flow. 

During these maneuvers the surgeon should take
care not to overstretch the arteries and veins of the
neck, to avoid possible impairment of venous drainage,
as well as of the esophagus and trachea. The cervical
segment of the spine should not be rotated to the ex-

treme in any direction. Once the head is definitively po-
sitioned and secured to the Mayfield-Kees head-holder,
no more adjustments should be made as they may be
dangerous for the cervical spine. Correct positioning
ensures an optimal viewing angle to the central cranial
base thus minimizing retraction of the frontal and tem-
poral lobes, which naturally fall away respectively from
the orbital roof and from the sphenoid ridge.

Neurophysiological monitoring may play an impor-
tant role when surgery has to be performed around or
within the cavernous sinus and superior orbital fissure,
to avoid damage to the cranial nerves. Positioning of
electrodes on the extraocular muscles is useful for mon-
itoring the abducens, trochlear and oculomotor nerves.
The surgeon must entertain the possibility of temporal
occlusion of the internal carotid artery, in which case
somatosensory evoked potentials and electroen-
cephalography are extremely helpful for intraoperative
monitoring and a permissible temporary occlusion
time. Cerebral blood flow monitoring is also useful to
control the supply of the cortical areas during occlusion
of the vessel.

Meticulous scrubbing of the skin and draping con-
cludes this step of the approach.

4.3 Skin Incision

The skin incision for the standard frontotemporal ap-
proach starts approximately 0.5–1�cm anterior to the
tragus advancing in a curvilinear shape as far as the
midpupillary line at the hairline–forehead interface
(Fig.�4.1). If a more extended posterior exposure of the
middle fossa is needed, a question mark skin incision
reaching the midline is preferable.

A relaxing skin incision should be made in order to
avoid inadvertent penetration of the pericranium and of
the temporal fascia over the frontal and the temporal
regions, respectively. We prefer to dissect the area close
to the ear, always subgaleal, by means of blunt or finger
dissection to avoid damaging the superficial temporal
artery and the frontotemporal branch of the facial nerve.
The incision is made in short segments (2–3�cm), while
an assistant pushes the borders of the incision to pre-
vent bleeding, Raney clips are applied to the rim of the
scalp. This maneuver allows bleeding to be controlled
while performing the skin incision. Once the galeocu-
taneous layer has been dissected, three different meth-
ods of temporal muscle dissection can be performed:
interfascial, subfascial, or submuscular.

40                                                                                                                                                                                                                 G. Iaconetta et al.

Fig. 4.1 Patient positioning and skin incision. The head is rotated
to the side contralateral to the approach by approximately 30°
and fixed to the Mayfield-Kees pin headrest
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4.4 Anatomical Basis for Preservation
of the Superficial Temporal
Artery and the Frontal Branch
of the Facial Nerve

The soft tissues covering the frontal area comprise
skin, subcutaneous tissue, galea aponeurotica (also
called epicranial aponeurosis), loose connective tissue
and pericranium. The temporal region is an extremely
complex anatomical area and the terminology used to
describe it is often confusing. Therefore we believe
that some anatomical remarks are mandatory. The skin
of the temporal area is variable in thickness consisting
of five layers covered by an outermost horny layer.
These layers are on top of the dermis, which consists
of collagenous and elastic fibers with hair follicles, se-
baceous glands and rare sweat glands. Just below is lo-
cated the subcutaneous fatty tissue which is thicker
over the zygomatic arch. The thickness of the scalp
varies from 4 to 9�mm. Under the subcutaneous tissue
the galea pericranii is identifiable. In this area this tis-
sue is called the temporoparietal fascia which is con-
sidered to be part of the superficial muscle–aponeu-
rotic system. Within it runs the superficial temporal
artery and the frontotemporal branch of the facial
nerve. The temporalis fascia is attached in an arched
fashion to the superior temporal line, to the lateral sur-
face of the frontozygomatic process and to the medial
surface of the zygoma.

Directly beneath this there is loose areolar tissue
(also called subgaleal fascia or subgaleal space) which
is connective tissue that becomes thin and fatty in cor-
respondence with the zygoma and is in continuity with
the subcutaneous fat below the zygomatic arch. The
pericranium in the temporal region, at the level of the
superior temporal line, splits into two layers, one
deeper, beneath the temporal muscle in contact with the
temporal squama (frequently confused in the surgical
literature with the deep temporal fascia), and the other
more superficial, covering the muscle, called the tem-
poral fascia (called by many authors the superficial
temporal fascia). This layer, in turn, splits into two sep-
arate superficial and deeper laminae, which enclose the
superficial temporal fat pat (corresponding to the so-
called intrafascial fat pad reported in the literature).
There are two well recognized fat pads over the tem-
poralis muscle. The first, already described above, is
located within the duplication of the temporal fascia.
The second is sited more deeply between the fascia and
the temporalis muscle. It is in continuity with the fat

tissue of the infratemporal fossa, the cheek and the
orbit. It continues medially to the temporalis muscle
forming a sort of thin pillow between the temporal
squama and the medial surface of the muscle and con-
tains the deep temporal vessels and nerves. These fat
pads can vary in thickness, from very thick to ex-
tremely thin.

4.5 Anatomy of the Facial Nerve
and Superficial Temporal Artery
within the Temporal Region

The division of the facial nerve into the temporal and
zygomatic branches takes place within the parotid
gland. The temporal branch suddenly pierces the
parotid-masseteric fascia below the zygomatic arch di-
viding into its three terminal rami: anterior which in-
nervates the corrugator supercilii and orbicularis oculi
muscles; middle, known also as the frontal branch,
which innervates the frontalis muscle; and posterior
which innervates the anterior and superior auricular and
the tragus muscles (this branch has no clinical rele-
vance in humans).

The point where the temporal branch of the facial
nerve gives rise to the anterior and middle rami is lo-
cated 2–2.5�cm anterior to the tragus, while the frontal
ramus pierces the galea to reach the frontal muscle 1–
3� cm posterior to the lateral canthus. The temporal
branch is located within the temporoparietal fascia, cra-
nially, and, in proximity to the zygoma in the loose are-
olar tissue, over the superficial lamina of the temporal
fascia. Knowledge of this anatomy is essential to avoid
postoperative cosmetic deficits.

Bernstein and Nelson in a very detailed anatomical
study on the temporal branch of the facial nerve stated
that: “the temporal branch of the facial nerve lies
within an area bounded by a line from the earlobe to
the lateral edge of the eyebrow inferiorly and a second
line from the tragus to the lateral coronal suture just
above and behind the highest forehead crease.” It is
very important to remark that the frontal ramus of the
temporal branch of the facial nerve crosses the zygo-
matic arch approximately 2�cm anterior to the tragus
and runs 1�cm caudal and parallel to the frontal branch
of the superficial temporal artery. This vessel, there-
fore, could be a useful landmark indicating the position
of the frontal nerve (Fig.�4.2).

The superficial temporal artery also shows a high
degree of variability in its course. It is a terminal branch
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Fig. 4.2 Right frontotemporal cran-
iotomy. Dissection of the entire course of
the facial nerve. Inside the blue box the
frontal branch of the facial nerve is ex-
posed. FN facial nerve, STA superficial
temporal artery, TF temporal fascia

Fig. 4.3 Right frontotemporal craniotomy. Different techniques of dissection of the temporal muscle: a interfascial; b submuscular;
c, d subfascial. DL deep layer of the temporal fascia, EA epicranial aponeurosis, FB frontal bone, S skin, SL superficial layer of the
temporal fascia, ST subcutaneous tissue, STFP superficial temporal fat pad, TF temporal fascia, TM temporal muscle

a b
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of the external carotid artery, running close to the tragus
within the subcutaneous tissue and bifurcating in the
temporal region 2�cm above the zygomatic arch. The
frontal branch gives rise to many twigs in the frontal
area and finally anastomoses with the supraorbital ar-
tery of the ophthalmic artery. The parietal branch sup-
plies the parietal, temporal and occipital areas, anasto-
mosing with the contralateral parietal branch and with
the posterior auricular and occipital arteries. Collateral
branches of the superficial temporal artery are the trans-
verse artery of the face, the temporal artery, and the zy-
gomatic-orbital artery.

Preserving vessel integrity is mandatory to obtain a
well-vascularized galeopericranial flap and to perform,
if necessary, an extracranial–intracranial bypass graft-
ing procedure.

4.6 Temporal Muscle Dissection
Methods

4.6.1 Interfascial

This technique was extensively described by Yasargil
at the beginning of the 1980s. The scalp is dissected
from the pericranium and then reflected anteroinferi-
orly toward the orbit and fixed to fish-hooks until the
orbit rim is exposed. Care must be taken to avoid dam-
age to the supraorbital nerve, which runs in the supra-
orbital notch just below the junction of the medial third
and lateral two-thirds of the upper orbital rim. The per-
icranium covering the frontal region is incised in a tri-
angular shape, pedicled anteriorly and reflected toward
the orbit.

The superficial lamina of the temporalis fascia is in-
cised from the most anterior part of the inferior temporal
line as far as the root of the zygoma and then reflected
anteriorly with the scalp, exposing the superficial fat pad
between the two laminae (Fig.�4.3a). This maneuver is
necessary to ensure the preservation of the frontotem-
poral branch of the facial nerve passing just above the
superficial lamina inside the loose areolar tissue. The
anterior quarter of the temporal muscle is still covered
by the deeper lamina of the temporal fascia, which is in-
cised and dissected from the frontozygomatic process
and zygoma. When the muscle has been stripped away
from the temporal fossa, it is reflected backwards and
inferiorly to expose the pterion, the temporal squama,
the sphenoid wing, and part of the parietal, frontal and
zygomatic bones.

4.6.2 Submuscular

The initial step of the approach is the same as described
above. After skin incision, dissection is performed in
the subgaleal plane to expose the temporal fascia.
When the superficial layer of the temporal fascia comes
into view, the temporal muscle is incised (Fig.�4.3b)
and dissected free from the temporal bone, leaving the
temporal fascia with its fat pads in situ covering the
muscle. Using periosteal elevators and following the
submuscular plane, the dissection should be performed
following the direction of the fibers to avoid tearing the
muscle from the deeper part of the temporal fossa, close
to the zygoma, in the direction of the superior temporal
line. During this maneuver, we never use monopolar
coagulation to avoid temporal muscle atrophy caused
by injury to its vascular supply. Once fish-hooks are
fixed to the muscle, the bony temporal surface is widely
exposed (Fig.�4.4b). Moreover, the risk of injury to the
frontotemporal branch of the facial nerve is lower with
the submuscular approach.

4.6.3 Subfascial

This technique allows wide exposure of the zygoma
and is particularly useful if a combined orbitozygomatic
craniotomy is planned. It allows the muscle to be mo-
bilized fully so as not to hinder exposure. The incision
over the temporal fascia is performed close to the tem-
poral line and parallel to the skin incision in a semilunar
fashion and includes both superficial and deep laminae
(Fig.�4.4c). The fascial layers, with the superficial fat
pad inside, are elevated together and reflected forward
(Fig.�4.4d). Therefore, the dissection of the temporal
fascia must proceed to reach the superior border of the
zygoma and the frontozygomatic suture. At this point,
the deep layer is incised along the medial aspect of the
zygoma. If necessary, the zygomatic bone can be re-
moved to enhance the exposure of the middle fossa. We
always perform preplating to avoid repositioning prob-
lems of the zygoma. The temporal muscle is then
stripped from the infratemporal fossa using the same
retrograde technique as described above. The tempo-
ralis muscle may later be incised, leaving a cuff of fas-
cia at the superior temporal line, for reapproximation
or totally mobilizing the muscle free from the bone
(Fig.� 4.4). This technique avoids any injury to the
frontal branches of the facial nerve, and provides a low
and wide basal extension of the craniotomy.
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4.7 Craniotomy

Using a high-speed electric drill (Midas Rex, Fort
Worth, Texas), we first perform the standard keyhole
described by Dandy [3] as we prefer, for a standard
pterional craniotomy, to leave the orbital roof intact.
The burr hole is placed just above the frontosphenoidal
suture, below the superior temporal line and posterior
to the frontozygomatic suture (Fig.� 4.5a,d). Care
should be taken to distinguish between the frontozy-
gomatic and frontosphenoidal sutures. This burr hole
is usually located 8 to 10�mm above the MacCarty’s
keyhole, which is situated over the frontosphenoidal
suture, approximately 1� cm behind the frontozygo-
matic junction (Fig.�4.5b) [8]. When placed appropri-
ately, this burr hole allows exposure of both the frontal
dura and the periorbita (Fig.�4.5c), and it is particularly
suitable when performing a frontotemporoorbitozygo-
matic craniotomy.

We usually place a single burr hole taking care to
keep the dura mater intact. A craniotome is then inserted
into the burr hole and the first cut is made from the
frontal keyhole, and carried toward the supraorbital
notch to approximately 2�cm above the orbital rim. Stay-
ing lateral to the supraorbital notch decreases the risk of
frontal sinus penetration; however, penetration may be
unavoidable in the presence of a well-pneumatized
frontal sinus. The cut is continued downward in a curvi-
linear fashion, over the parietal bone finishing over the
sphenotemporal suture. At this point, we usually prefer
to complete the craniotomy using a high-speed drill to
groove the last part of the bone over the zygomatic-
sphenoidal suture and then spanning the greater wing of
the sphenoid near the line of the zygoma. This groove
ensures a precise and safe fracture line across the sphe-
noid when raising the bone flap (Fig.�4.4c). 

The bone flap is elevated gently and the dura is de-
tached from the inner surface with a blunt dissector.
When the flap has been removed the lesser wing of the
sphenoid is drilled down to optimize the most basal tra-
jectory to the skull base (Fig.�4.6a, b; Fig.�4.7). In order
to perform this maneuver, it is often necessary to release
cerebrospinal fluid by cutting the dura on the frontal and
temporal surfaces for 0.5–1�cm. Under surgical micro-
scope magnification, using a diamond burr, we flatten
the orbital roof with great caution to avoid unplanned
entry into the orbit. The greater sphenoid wing is also
flattened on its posterior ridge, as shown in Fig.�4.7, a
three-dimensional reconstruction of the approach. 

Possible complications related to these maneuvers in-
cluded bleeding from the orbitomeningeal artery
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Fig. 4.4 Temporal muscle transposition (a, b) and CT scan 3-D
reconstruction of the frontotemporal craniotomy (c). EA epicra-
nial aponeurosis, FSS frontosphenoidal suture, S skin, STL supe-
rior temporal line, TF temporal fascia, TM temporal muscle,
ZPFB zygomatic process of the frontal bone
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branches, an anastomotic vessel of the ophthalmic artery
reaching the middle meningeal artery, and the inadver-
tent penetration of the orbit and the frontal sinus. The
orbitomeningeal artery can be coagulated or packed with
bone wax; the high-speed drill with diamond burr is also
useful in reducing bleeding. The opening of the orbit is
generally not a problem and can be managed quite easily
simply by placing a small piece of muscle to close the
hole. If the frontal sinus is entered, the mucoperiosteal
layer has to be completely removed and the cavity has
to be filled with muscle or fat and sealed with fibrin glue
to avoid the formation of a frontal mucocele. These ma-
neuvers allow retraction of the frontal lobe away from
the orbital roof and maximize the exposure of the skull
base. Once this step has been completed, dural take-up
sutures can be placed circumferentially to minimize the
bleeding from the epidural space (Fig.�4.6a).

4.8 Dural Opening

The dural incision is made in the usual semicircular
fashion. The dural flap is then reflected toward the orbit
and sphenoid ridge and retracted using fish-hooks
(Fig.�4.6c). A slight retraction of the frontal lobe allows
exposure of the carotid, and the chiasmatic and lamina
terminalis cisterns (Fig.�4.8a). Early release of cere-
brospinal fluid from these cisterns allows optimal brain
relaxation. The dissection of the sylvian fissure is typ-
ically undertaken in a proximal-to-distal fashion. Usu-
ally the arachnoid covering the sylvian fissure is very
thin, but sometimes may be thicker in which case the
neurovascular structures are not perfectly identifiable.
Dissection is generally recommended at the frontal side
because the superficial middle cerebral veins course on
its temporal aspect. Retracting the frontal lobe, these
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Fig. 4.5 Positioning of the keyhole. a, d The Dandy point is placed just above the frontosphenoidal suture, below the superior tem-
poral line and posterior to the frontozygomatic suture. b, c The MacCarty point is situated over the frontosphenoidal suture, approx-
imately 1�cm behind the frontozygomatic junction. ASB anterior skull base, DKH Dandy keyhole, EA epicranial aponeurosis, FSS
frontosphenoidal suture, FZS frontozygomatic suture, MKH MacCarty’s keyhole, O orbit, S skin, STL superior temporal line, TF
temporal fascia, TM temporal muscle
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veins are left intact (inadvertent injury can result in
brain swelling). It is essential to preserve the superficial
middle cerebral venous system. While retracting the
frontal lobe, the surgeon should take care to avoid ex-
cessive displacement and stretching of the olfactory
nerve which can be seriously damaged. The superficial
middle cerebral veins receive the deep middle cerebral
vein and frontal veins and drain into the sphenoparietal
sinus, into the cavernous sinus or also into the basal
vein of Rosenthal, and rarely into the vein of Labbé or
into the transverse sinus. 

Dissection of the sylvian fissure begins at the level
of the opercular part of the inferior frontal gyrus, as
described by Yasargil. Once the fissure has been en-
tered, the dissection continues in the direction of the
middle cerebral artery. Deep within the sylvian fissure,
the frontal lobe often protrudes laterally, indenting the
temporal lobe; in such a case, to avoid parenchymal
damage, the fissure has to be opened following the dis-
tal branches of the middle cerebral artery. Once the syl-
vian fissure is completely opened, the entire circle of
Willis, and the anterior cerebral artery and its branches
come into view (Fig.�4.8b). If the approach has been
performed correctly, a wide exposure of the sellar,
parasellar, suprasellar and retrosellar areas is achieved
(Fig.�4.9). Both carotid arteries, the middle and ante-
rior cerebral artery and their branches, the anterior
communicating artery, Heubner’s recurrent arteries,
the anterior choroidal artery, the posterior communi-
cating artery, the basilar artery, the posterior cerebral
artery (P1 and P2 segments), the superior cerebellar
artery, the olfactory nerve, both optic nerves and chi-
asm, the third nerve, the pituitary stalk, and the anterior
and posterior clinoids are exposed (Fig.�4.10). Once
the Liliequist’s membrane has been opened, the in-
terpeduncular cistern is entered and the basilar artery
and its branches come into view and also the third
nerve is exposed (Fig.�4.11).

4.9 Endoscope-Assisted Technique

Endoscope-assisted microsurgery has gained wide ac-
ceptance for the management of cerebral aneurysms with
favorable results in terms of reduction of both morbidity
and mortality rates. This minimally invasive technique
has enhanced the visualization of blind corners around
the aneurysm, and of perforating arteries and small vas-
cular variations, and helps in precise positioning of the
clip during microsurgical procedures. There are several

46                                                                                                                                                                                                                 G. Iaconetta et al.

Fig. 4.6 a Craniotomy. b When the flap has been removed the
lesser wing of the sphenoid is drilled down to optimize the most
basal trajectory to the skull base. c Dural opening. DM dura
mater, FL frontal lobe, MMA middle meningeal artery, LWSB
lesser wing of the sphenoid bone, SF sylvian fissure, TL temporal
lobe, TM temporal muscle, ZPFB zygomatic process of the
frontal bone
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advantages of this technique: it provides excellent illu-
mination in deep planes, it visualizes the blind corner
enabling observation of perforators of the other side, it
confirms the precise position of the clip, it provides a fa-
vorable view of posterior circulation aneurysms (espe-
cially those of the basilar tip), and it results in a small
craniotomy with minimal brain retraction.

For visualization of posterior circulation aneurysms,
we usually introduce a 45° endoscope in a corridor be-
tween the carotid artery and the oculomotor nerve
(Fig.�4.12a). Through this route access to the basilar bi-
furcation is feasible.

In patients with a basilar tip aneurysm, the endo-
scope enables the surgeon to visualize both the pos-
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Fig. 4.7 Postoperative CT scan 3-D reconstruction of the approach. The greater sphenoid wing is also flattened on its posterior ridge.
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Fig. 4.8 Intradural exposure; right approach. Before (a) and after (b) opening of the Sylvian fissure. A1 first segment of the anterior
cerebral artery, AC anterior clinoid, FL frontal lobe, HA Heubner’s artery, I olfactory tract, III oculomotor nerve, ICA internal carotid
artery, LT lamina terminalis, M1 first segment of the middle cerebral artery, MPAs perforating arteries, ON optic nerve, P2 second
segment of the posterior cerebral artery, PC posterior clinoid, PcoA posterior communicating artery, SF sylvian fissure, TL temporal
lobe, TS tuberculum sellae

Fig. 4.9 Intradural exposure; right approach. a Instruments enlarging the optocarotid area. b Displacing medially the posterior com-
municating artery, exposing the contents of the interpeduncular cistern. AC anterior clinoid, AchA anterior choroidal artery, BA basilar
artery, FL frontal lobe, ICA internal carotid artery, III oculomotor nerve, OA left ophthalmic artery, ON optic nerve, OT optic tract,
P2 second segment of the posterior cerebral artery, PC posterior clinoid, PcoA posterior communicating artery, Ps pituitary stalk,
SCA superior cerebellar artery, SHA superior hypophyseal artery, TE tentorial edge, TL temporal lobe

Fig. 4.10 Intradural exposure; right approach; enlarged view. A1
first segment of the anterior cerebral artery, A2 second segment
of the anterior cerebral artery, AC anterior clinoid, AcoA anterior
communicating artery, BA basilar artery, FL frontal lobe, HA
Heubner’s artery, ICA internal carotid artery, III oculomotor
nerve, LT lamina terminalis, M1 first segment of the middle cere-
bral artery, OA left ophthalmic artery, ON optic nerve, P2 second
segment of the posterior cerebral artery, PC posterior clinoid,
PcoA posterior communicating artery, SCA superior cerebellar
artery, SHA superior hypophyseal artery, TE tentorial edge, TL
temporal lobe, TS tuberculum sellae
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Fig. 4.11 Intradural exposure; right approach; close-up view of
the interpeduncular fossa. AchA anterior choroidal artery, BA
basilar artery, DS dorsum sellae, III oculomotor nerve, IV
trochlear nerve, P1 first segment of the posterior cerebral artery,
P2 second segment of the posterior cerebral artery, PC posterior
clinoid, PcoA posterior communicating artery, Ps pituitary stalk,
SCA superior cerebellar artery, TE tentorial edge 

Fig. 4.12 Intradural exposure; right approach; microsurgical (a) and endoscopic (b–d) views. AchA anterior choroidal artery, BA
basilar artery, C clivus, FL frontal lobe, ICA internal carotid artery, III oculomotor nerve, ON optic nerve, P1 first segment of the
posterior cerebral artery, P2 second segment of the posterior cerebral artery, PC posterior clinoid, PCA posterior cerebral artery,
PcoA posterior communicating artery, SCA superior cerebellar artery, TE tentorial edge, TL temporal lobe, Tu thalamoperforating
artery; green dotted triangle area for entry of the endoscope into the interpeduncular fossa
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terior cerebral and the superior cerebellar arteries of
the contralateral side as well as the ipsilateral poste-
rior communicating artery and its perforators
(Fig.�4.12b–d).

Another important role of the endoscope-assisted
technique is the direct surgical clipping of superior
hypophyseal and ophthalmic aneurysms without
drilling of the anterior clinoid process (Fig.�4.13b,c).
The microscopic view of these aneurysms may be ob-
structed by the ipsilateral internal carotid artery and
the optic nerve (Fig.�4.13a).

4.10 Dura, Bone and Wound Closure

The dura mater can be sutured with a 4-0 silk suture
using a single, interrupted or continuous suture. In this
case intermittent knots are required every 3–4�cm for a
perfect watertight closure, which is absolutely impera-
tive. When the surgeon is convinced that there is no
bleeding from the epidural space, also because of the
transosseous tunnel which secures the dura elevated
against the bony margin (Fig.�4.14a), the bone flap can
be repositioned and fixed with single 0 silk sutures in
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Fig. 4.13 Intradural exposure; right approach; microsurgical (a)
and endoscopic omolateral (b) and contralateral (c) views. A1 first
segment of the anterior cerebral artery, AC anterior clinoid, ICA
internal carotid artery, FL frontal lobe, III oculomotor nerve, LT
lamina terminalis, M1 first segment of the middle cerebral artery,
OA left ophthalmic artery, ON optic nerve, PcoA posterior com-
municating artery, SHA superior hypophyseal artery, TE tentorial
edge, TS tuberculum sellae
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the usual manner, with holes in both the free flap and
the bone margin (Fig.�4.14b, c), or otherwise using
miniplates and screws, or the different devices available
on the market. The space created by the bone drilling
can be filled with synthetic bone substitute.

Reapproximation of the temporal muscle requires
caution and care to avoid atrophy and asymmetry. If a
narrow myofascial cuff is attached to the bone at the
level of the superior temporal line, after gentle reposi-
tioning of the muscle on the temporal fossa, it is su-
tured using single stitches to approximate and fix the
muscle and then the fascia, taking care to preserve the

vascular supply and to achieve a good anatomical ap-
proximation (Fig.�4.14b). If the muscle has been disin-
serted completely from the temporal line, and there is
no myofascial cuff, we place eight to ten holes corre-
sponding to the temporal line using a high-speed drill
(Fig.�4.14c); some authors place holes passing through
the free bone flap, in which case the muscle has to be
fixed before stabilizing the bone flap, or a silk suture
with two needles at the extremities has to be used in
order to pass through the muscle, since the flap has al-
ready been positioned. We prefer to place a couple of
holes above and below the temporal line in order to
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Fig. 4.14 a Dural closure and its suspension. b Bone flap repositioning and suturing of the temporal muscle when its tendon is still
in sight. c Technique for temporal muscle closure when its tendon has been disinserted from the bone. d Skin closure with staples
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obtain two tunnels in a diagonal direction, inclined
more than 90°, then we pass a 3-0 vicryl stitch and fix
the border of the muscle in correspondence with the
superior temporal line. The suture of the temporal fas-
cia concludes this step.

After reflection of the scalp and removal of the fish
hooks, the subcutaneous tissue is sutured using 3-0 su-
ture single stitches, then the cutaneous margins are
reapproximated and sutured using a stapler or 2-0 silk
suture or metal clips (Fig.�4.14d). A 24-hour subgaleal
low suction drainage can be useful.

In conclusion, we can say that the main dangers and
complications of the frontotemporal approach include:
injury to the facial nerve and superficial temporal ar-
tery during the step of the skin incision, blood loss
from the skin flap due to inadequate hemostasis, injury
to the dura due to the craniotome while preparing the
bone flap, injury to the vessels and nerves due to
clumsy maneuvers, damage to the frontal and temporal
lobes due to excessive retraction of the spatulas, intra-
parenchymal and/or subdural hematoma due to inade-
quate hemostasis, epidural hematoma due to a slack
elevation suture of the dura, and hematoma of the soft
tissues.

4.11 Extradural Anterior
Clinoidectomy

Removal of the anterior clinoid process can be very
useful for eradication of tumors or clipping of
aneurysms located in the supra- and parasellar region
by providing a wider surgical corridor to the optic nerve
and carotid artery, reducing the need for brain retrac-
tion. The anterior clinoid is located at the medial end
of the lesser sphenoid wing. It represents the lateral
wall of the optic canal and covers the superior wall of
the cavernous sinus. 

Before starting the clinoidectomy it is extremely im-
portant to study a high-resolution CT scan to determine
if there is a ring of bone formed by the junction of the
anterior and middle clinoid processes, which surrounds
the carotid artery before it becomes intradural. Re-
moval of the clinoid in such a case carries a high risk
of injury to the carotid artery. Another reason is to de-
termine if the clinoid is pneumatized. Medial to the an-
terior clinoid is the optic nerve and laterally there is the
superior orbital fissure. 

After standard craniotomy and flattening of the sphe-
noid ridge and orbit, as described before, we usually

first outline the superior orbital fissure, then we dissect
the dura from the clinoid medially to expose the ridge
of the optic canal and the falciform ligament. We drill
the optic canal in order to expose 2–3�mm of the intra-
orbital segment of the nerve using a diamond. Obvi-
ously these maneuvers have to be performed under mi-
croscope magnification. We drill the bone of the optic
canal coursing parallel to the nerve and never transver-
sally from the medial to lateral limits of the nerve, be-
cause we have found that this involves less risk to the
nerve, and we never push but just peel away the bone
which is very thin, to avoid penetrating or drilling the
nerve. Irrigation is extremely important to avoid burn-
ing it. It is not necessary, in our opinion, to drill more
medially, since it may be possible to enter the ethmoid
sinus, and for this reason the nerve is unroofed more on
its superior and lateral surfaces (Fig.�4.15). 

At this point we start drilling from the lateral border
of the nerve, making a right angle to the course of the
optic canal, in the direction of the superior orbital fis-
sure. The drilling needs a lot of irrigation to preserve
the anatomical structures which are in proximity to the
anterior clinoid (optic nerve, carotid artery, oculomotor
nerve). During drilling with the tip of the diamond burr,
if the drill is temporarily stopped, we can feel if the
process is still tightly adherent or if it has started to
move. When it has moved, using a microdissector, we
create a plane between the dura sited under the clinoid
and the clinoid itself in order to remove it completely
en bloc using a small rongeur. 

Often we can observe bleeding coming from the cav-
ernous sinus which can be stopped by packing with
Gelfoam. A small piece of optic strut usually remains
sited lateroinferiorly to the optic nerve; in this case and
even if the en bloc removal is not possible, the remaining
bone has to be drilled out very cautiously step by step. 

Once the clinoid is completely removed, associated
with flattening of the orbit, superiorly and laterally, the
surgical corridor to the sellar and parasellar regions is
markedly widened. After the standard dural opening for
a pterional approach has been performed as described
above, we cut the dura following the direction of the
sylvian fissure toward the optic nerve, splitting the dura
in two sheets, the frontal and the temporal, in order to
have simultaneous intra- and extradural control of the
optic nerve and carotid artery, and opening of the optic
sheath and distal dural ring allows further mobilization
of the two anatomical structures.

Complications related to the extradural anterior cli-
noidectomy include: opening of the ethmoid sinus or ex-
tensive drilling of the optic strut which lead into the
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sphenoid sinus with consequent rhinorrhea (which is re-
paired using muscle strips and fibrin glue); oculomotor
paresis due to manipulation of the third nerve which is
in contact with the inferolateral surface of the clinoid;
visual disturbance and quadrantanopsia as a consequence
of manipulation of the ophthalmic artery; damage to the
optic nerve due to the heat of drilling or to manipulation;
injury to the carotid artery and/or ophthalmic artery;
pneumocephalus; and rupture of aneurysms. Among 50
procedures we have experienced four cases of temporary
oculomotor paresis, one case of severe visual deficit re-
lated to the drilling procedure, two cases of injury to the
optic nerve due to its manipulation, and three cases of
rhinorrhea due to paranasal sinus opening.

In our opinion, anterior clinoidectomy requires a
certain level of experience which has to be obtained by
cadaveric dissection.

4.12 Intradural Anterior
Clinoidectomy

The main indication for intradural clinoidectomy is for
aneurysm clipping. If the aneurysm is located at the
basilar tip, on the carotid-ophthalmic artery, intracav-
ernously, or on the internal carotid artery-posterior
communicating artery, sometimes there is not enough
space to apply the aneurysm clip or even a temporary

clip. For this reason it is absolutely necessary to remove
as much bone as possible in order to enlarge the surgi-
cal corridor, and the anterior clinoid represents an ob-
stacle. Its removal allows 4–6�mm more of the carotid
artery to be exposed before entering the cavernous
sinus. Usually after a standard frontotemporal approach
and opening of the cisterns, we cut the dura covering
the base of the clinoid in proximity to the optic canal
running from the optic nerve in the direction of the su-
perior orbital fissure.

Once this procedure is completed, we transect the
dura in the middle of the clinoid process from the base
toward the clinoid apex drawing a sort of T shape
(Fig.�4.16a). In this way we dissect and split the dura
over the clinoid into two sheets, medial and lateral,
which we reflect, respectively, medially on the optic
nerve, and laterally on the carotid artery to protect these
structures. 

Once the clinoid process has been exposed, cot-
tonoid sponges are placed around the area to be drilled
and on top of them we put a piece of surgeon’s glove
for more protection, then we can drill it totally or par-
tially which is enough to provide more room. We al-
ways drill parallel to the optic nerve and to the carotid
artery (Fig.�4.16b,c). This is the advantage of this pro-
cedure: to drill what we need under direct visual con-
trol of the anatomical structures. We have also used
this procedure in meningiomas of the sphenoid ridge
with huge reactive hyperostosis and bone infiltration.
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Fig. 4.15 Microsurgical view; extradural anterior clinoidectomy. a Exposure and drilling of the anterior clinoid process and optic
canal under microscope magnification. b Widened space after complete removal of the AC. AC anterior clinoid, eON extracranial
intracanalar optic nerve, FD frontal dura, ICA internal carotid artery, iON intraorbital optic nerve, LWSB lesser wing of sphenoid
bone, OC optic canal, OR orbit roof, SOF superior orbital fissure, TD temporal dura
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In such cases it is extremely difficult to perform the
extradural approach, because of bleeding and difficulty
in orientation since the bony landmarks are lost. In
these cases we prefer intradural drilling which we con-
sider safer than extradural, but the latter has, in our
opinion, some advantages: the dura protects the in-
tradural structures which with intradural drilling are
exposed to the risk of direct damage, the procedure is
faster than intradural drilling because no delicate struc-
tures that can be damaged are in direct contact with the
drilling burr, and because of the anatomy we find that
the extent of bone removal is greater after the ex-
tradural procedure.

The same complications observed with the ex-
tradural procedure can also occur during and after the
intradural approach.

4.13 Posterior Clinoidectomy

Removal of the posterior clinoid may be necessary in
patients with a low basilar tip aneurysm or in those with
sphenopetroclival tumors. Sometimes the bony promi-
nence of this process which may be redundant, reduces
the surgical corridor to the interpeduncular space, so
there is inadequate room to place clips or to remove
segments of tumor located posteriorly to the clivus.
When we consider this maneuver necessary, we incise
the dura covering the clinoid process at its base, then,
as we do in intradural anterior clinoid drilling, we make
a perpendicular incision from the base in the direction
of the apex of the clinoid, creating a sort of T shape
(Fig.�4.17a).
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Fig. 4.16 Microsurgical view; intradural anterior clinoidectomy.
a, b After the dura above the anterior clinoid process has been
transected in a “T” shape (a), we usually drill always parallel to
the optic nerve and to the carotid artery (b). c The distal ring is
finally exposed. A1 precommunicating anterior cerebral artery,
AC anterior clinoid, AchA anterior choroid artery, Ch optic chi-
asm, DR distal ring, fl falciform ligament, FL frontal lobe, ICA
internal carotid artery, M1 first tract of the middle cerebral artery,
ON optic nerve, PC posterior clinoid, PCOA posterior commu-
nicating artery, TS tuberculum sellae

a b

c



After dissecting the two sheets, medial and lateral,
and reflecting them, we place cottonoid sponges around
the clinoid with a piece of surgeon’s glove on top of
them, and with a small diamond burr start drilling from
the tip of the clinoid process in the direction of the base,
removing the bone we consider necessary to create suf-
ficient space (Fig.�4.17b). Adequate irrigation is neces-
sary. Great care has to be taken to avoid direct damage
to the third nerve or to the vessels in close proximity to
the clinoid. Bleeding can be controlled by bipolar coag-
ulation or by using hemostatic tools in the event of pen-
etration into the sphenopetroclival venous gulf [9].

4.14 General Considerations

The frontotemporal approach can be used to treat a large
number of pathologies. It is beyond the scope of the
present chapter to give a detailed discussion for every
type of these lesions. Therefore, we present a discussion
of general principles and recent applications for the most
common pathologies approached through this route.

4.14.1 Vascular Lesions

The frontotemporal craniotomy can be considered the
most significant and versatile approach in vascular sur-

gery. In fact, 95% of aneurysms occur within the circle
of Willis, usually in relation to the anterior and posterior
communicating arteries and the bifurcations of the in-
ternal carotid, middle cerebral, and basilar arteries [10].

In our experience, a subfascial method of temporal
muscle dissection and a tailored craniotomy provide ad-
equate access to the anterior circle of Willis [11], excel-
lent for aneurysms of the supra- and infraclinoidal in-
ternal carotid artery, the anterior communicating artery,
and the middle cerebral artery. In selected cases basilar
bifurcation aneurysms can be approached via this route.

The critical step to gain adequate exposure of the le-
sion is to disclose the floor of the anterior cranial fossa,
this, in turn, requires accurate planning for keyhole
placement, a wide craniotomy and extensive removal
of the lateral sphenoid ridge and clinoid processes.
When the cisterns are widely opened and the cere-
brospinal fluid is drained, the surgeon has to define the
anatomy of the aneurysm in order to choose the right
corridor for the clip to be used. Sometimes ventricular
drainage can be useful for minimizing the need for
brain retraction.

For vascular pathology we always advocate a wide
opening of the sylvian fissure that can be achieved
using different techniques: a medial to lateral transsyl-
vian approach following the middle cerebral artery
from the proximal to the distal part, and opening the
sylvian fissure from lateral to medial by following the
distal branches of the middle cerebral artery. We favor
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Fig. 4.17 Microsurgical view; posterior clinoidectomy. a Transection of the posterior clinoid process tip dura. b Anatomic exposure
after posterior clinoidectomy. AchA anterior choroidal artery, BA basilar artery, FL frontal lobe, ICA internal carotid artery, III oculo-
motor nerve, ON optic nerve, P1 precommunicating tract of the posterior cerebral artery, P2 postcommunicating tract of the posterior
cerebral artery, PC posterior clinoid, PcoA posterior communicating artery, Ps pituitary stalk, SHA superior hypophyseal artery, TE
tentorium, TL temporal lobe, UA uncal artery
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dissecting the sylvian fissure through a small incision
in the superior temporal gyrus with subpial dissection
and identification of the distal branches of the middle
cerebral artery, which can be followed proximally to
the aneurysm. Otherwise, the surgeon can begin the dis-
section using one of the techniques mentioned above
and change the approach if technical difficulties occur
during the operation. It is important to proceed to one
of the techniques depending on the location, direction
and morphology of the aneurysm as well as the con-
comitant presence of subarachnoid hemorrhage or in-
traparenchymal hematoma. 

Recent advances in instrumentation and neuroimag-
ing have led to the use of microscope-integrated intra-
operative near-infrared indocyanine green videoangiog-
raphy during aneurysm surgery (Figs.� 18 and 19).
Furthermore, in many cases, this method is very useful
to ensure vessel patency or complete occlusion of the
aneurysm or malformation.

4.14.2 Meningiomas

These tumors account for about 20% of all primary
brain tumors originating in the central nervous system,
making them the most common. Meningiomas of the
sphenoid wing, of the tuberculum sellae and planum
sphenoidale, of the olfactory groove, of the orbital roof,
and intracavernous, frontosphenoidal or temporosphe-
noidal tumors can be approached using frontotemporal
craniotomy (Fig.�4.20).

Removal of these lesions follows the general prin-
ciples of extraaxial brain tumor surgery, that is to
devascularize the mass from its dural attachment, to
dissect the meningioma from the brain following the
arachnoidal plane, and to disconnect the lep-
tomeningeal feeding vessels. In our opinion it is safer
to debulk the tumor far from vital structures at the be-
ginning of surgery, particularly if they are not in direct
and close-up view. We advocate the use of bipolar for
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Fig. 4.18 Microsurgical view; middle cerebral artery aneurysm before (a) and after (c) clipping. Microscope-integrated intraoperative
near-infrared indocyanine green videoangiography of the same case before (b) and after (d) clipping
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shrinking and coagulating, and ultrasonic aspirator for
debulking. The dura infiltrated by the tumor has to be
resected when the mass has been removed. The high-
speed drill can be employed in the presence of hyper-
ostotic or infiltrated bone. A diamond burr and gener-
ous irrigation are recommended.

4.14.3 Craniopharyngiomas

Craniopharyngiomas are histologically benign neu-
roepithelial tumors of the CNS and comprise approxi-
mately 3% of all intracranial tumors in adults, but 69%

in children. These lesions arise from squamous cell em-
bryological rests found along the path of the primitive
adenohypophysis and craniopharyngeal duct. Although
histologically benign, these tumors frequently recur
after surgical treatment. In addition, due to their spe-
cific location near critical intracranial structures (usu-
ally in strict relationship with the optic nerves, pituitary
stalk and hypothalamus), both the tumor and the related
medical and surgical complications can cause signifi-
cant morbidity. 

In our experience, the best treatment for these le-
sions is radical surgical excision. We usually approach
the craniopharyngiomas via a standard frontotemporal
approach because of proximal blood control of the in-

4 Frontotemporal Approach 57

Fig. 4.19 Microsurgical view; posterior communicating artery aneurysm after clipping (a, c). Microscope-integrated intraoperative
near-infrared indocyanine green videoangiography of the same case (b, d). A1 first segment of the anterior cerebral artery, AchA anterior
choroidal artery, ICA internal carotid artery, M1 first segment of the middle cerebral artery, ON optic nerve, PC posterior clinoid
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ternal carotid artery and optic nerves is advisable to
safely dissect the tumor (Fig.�4.21). Sometimes it is
necessary to combine this craniotomy with other ap-
proaches such as transsphenoidal, subfrontal interhemi-
spheric or transcallosal.

4.15 Special Considerations

The frontolateral approach is generally utilized in the an-
terior circulation, for basilar tip aneurysms, and for le-
sions involving the sellar, parasellar, suprasellar and pre-
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Fig. 4.20 MR images of a clinoidal meningioma. Preoperative (a, b) and postoperative (c, d) images show complete removal of
the lesion
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pontine regions. Furthermore, extrinsic tumors arising or
invading the sphenoid ridge, the tuberculum sellae, the
olfactory groove, the cavernous sinus, and the superior
orbital fissure are approached through this route. This
approach can also be used for intrinsic lesions of the an-
terior frontal, frontoorbital and superior temporal gyri.
Advances in surgical technique, anesthesia, neuroimag-
ing, and more recently endovascular techniques, may in-
crease the success of treating lesions of these areas. 

The extent and safety of the surgical procedure de-
pend upon accurate preoperative planning and a rigor-

ous, methodical, step-by-step approach to the target,
which should be secured with minimal manipulation to
the surrounding structures. The main complications of
this surgery are diplopia due to damage to the third,
fourth and sixth cranial nerves, visual deficits due to
direct or thermal injury from drilling of the optic nerve,
damage to the carotid artery and its branches, lesions
of the brain due to excessive brain retraction, and cere-
brospinal fluid rhinorrhea.

The surgeon must obtain a complete and detailed
history from the patient and/or parents. The history, in
concert with a well-performed physical examination, is
the basis for a diagnosis and treatment plan. Preopera-
tive laboratory studies should include endocrine eval-
uation of lesions involving the sellar and parasellar
areas consisting of baseline serum hormonal values.

General imaging studies include a thin-slice CT scan
with 3-D reconstructions that can reveal abnormalities
of the bone (erosion, hyperostosis) and tumor calcifica-
tion. A gadolinium-enhanced brain MRI scan of in-
tracranial lesions is fundamental to reaching the correct
diagnosis, and coronal 3-D and sagittal or coronal 2-D
phase-contrast imaging may also be used to show the
relationship to adjacent arterial (displacement, occlu-
sion) and venous (infiltration, occlusion) structures.

Cerebral angiography is effective if the lesion en-
croaches on the carotid or other major intracranial ar-
teries or a major venous sinus. It is used to better assess
whether arteries and venous sinuses are patent. In the
case of meningioma and other vascular tumors and
malformations, angiographic embolization of appro-
priate feeding vessels can decrease blood loss during
operative resection and may contribute to complete le-
sion removal.
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Fig. 4.21 Microsurgical view. Intraoperative exposure of an
intra- and suprasellar craniopharyngioma. A1 precommunicating
tract of the anterior cerebral artery, ICA internal carotid artery,
III oculomotor nerve, M1 first tract of the middle cerebral artery,
ON optic nerve, PcoA posterior communicating artery, T tumor
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5.1 Introduction

The orbitozygomatic (OZ) approach is an extension of
the basic frontotemporal (FT) approach, which is asso-
ciated with an OZ osteotomy and eventually with zy-
gomatic arch resection. We emphasize that the basic FT
approach, for us as for other authors, always includes
resection of the sphenoid bridge (frontotemporopteri-
onal craniotomy).

Several different names have been used in the liter-
ature to identify the OZ craniotomy, including supra-
orbital, orbitocranial, orbitopterional (OPt), cranioor-
bital, cranioorbitozygomatic, frontoorbitozygomatic,
frontotemporoorbitozygomatic (FTOZ), and others.
The difference in the described flaps and techniques is
subtle and the main purpose is to provide increased ex-
posure beneath the frontal and temporal lobes.

The OZ approach is a combined anterolateral ap-
proach, which perfectly adheres to the conceptual prin-
ciple of skull-base surgery of removing bone in order
to minimize iatrogenic trauma. As any other approach
to the cranial base, it provides a wide working room, a
short working distance, a straight access and the possi-
bility of handling the lesion from different angles of
view with minimal manipulation and retraction of crit-
ical perilesional neurovascular structures.

Removal of the supraorbital rim to access the pitu-
itary through a frontal craniotomy was described by
McArthur in 1912 [1] and Frazier in 1913 [2]. Yasargil
in 1969 introduced the pterional approach [3] and in

1975 combined this approach with a lateral orbital os-
teotomy to access anterior communicating artery
(ACoA) aneurysms [4]. Jane et al. in 1982 extended the
indications for supraorbital craniotomy to tumoral and
vascular lesions located in the anterior cranial fossa and
in the sellar, parasellar and orbital regions [5]. Pellerin
et al. in 1984 [6], Hakuba et al. in 1986 [7] and Al-
Mefty in 1987 [8] reported their experience with the
use of OZ craniotomy, extending its indications to the
treatment of lesions located not only in the anterior and
middle cranial fossae, but also to those in the upper cli-
val and nearby posterior cranial fossa regions. Since
then, the approach has been widely adopted and a num-
ber of variations and modifications have been reported.
The OZ craniotomy can either be performed in one sin-
gle piece [6-12] or in two separate pieces [4, 5, 13, 14].

Some investigators have suggested osteoplastic
craniotomies to avoid temporalis muscle atrophy, espe-
cially in the pediatric population [15-17]; however,
most authors suggest nonpedunculated osteotomies be-
cause this is the simplest way to perform the flap and
because careful dissection of soft tissues generally does
not produce worse cosmetic results.

The addition of zygomatic arch resection has been
proposed to achieve a wider access to the infratemporal
fossa, for lesions deeply located in the central skull base
or for high-positioned or very complex basilar artery
aneurysms. The zygomatic arch can be resected to-
gether with the OZ flap or as a separate piece, attached
to the masseter muscle insertion or completely detached
[13, 14, 18-22].

In 2004, we reported that forced mouth opening as-
sociated with the OZ approach may provide a wider ex-
posure of the infratemporal fossa and of the lateral
splanchnocranial spaces, allowing the removal of ex-
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tensive benign tumors expanding into multiple intracra-
nial and extracranial compartments, without adding de-
structive procedures affecting the mandibular bone and
avoiding associated transfacial approaches [23].

There are a number of quantitative anatomical stud-
ies and reports of computed 3D virtual reconstructions
that objectively demonstrate the increased operative ex-
posure and the widening of the angles of attack result-
ing from orbital rim removal, OZ osteotomy and/or zy-
gomatic arch dislocation [24-26].

The OZ approach is indicated in the treatment of
challenging vascular and neoplastic lesions. Potential
complications may be related both to the complexity
of the treated pathology and to the operative proce-
dure. Careful technique, based on precise performance
of the surgical steps, is mandatory to achieve satisfac-
tory results. The OZ craniotomy may be tailored and
adapted according to site, extension and size of the le-
sion to be treated.

The OZ approach is the most widely used and stud-
ied cranial base approach and a number of modifica-
tions have been described. It is useful for each surgical
team to standardize their technique. We consider ca-
daveric dissections extremely important to achieve ad-
equate surgical skills in skull-base surgery. We have
evolved and better focused our technique in the Insti-
tute of Anatomy and Cell Biology of the Medical Uni-
versity of Vienna.

In our institution we essentially use two different
variants of the approach: the complete OZ (FTOZ) ap-
proach, performed in two pieces, and a more limited sin-
gle-piece craniotomy (OPt). These approaches are de-
scribed in detail, focusing on the surgical steps and also
considering the indications, advantages, possible com-
plications and their prevention. Knowledge of the
anatomical structures, layers and regions, and of the ori-
gin and course of arteries and nerves, makes possible
the best preparation for these approaches and allows ad-
equate reconstruction, preserving function and esthetics
and avoiding complications. Finally, an anatomical note
of the anterolateral cranial region is introduced.

5.2 Anatomy of the Anterolateral
Cranial Region and Related
Structures

Frontal, parietal, temporal, zygomatic and sphenoid
bones, connected through their respective sutures, form
the anterolateral aspect of the skull. The pterion is the

most important cephalometric landmark of this region;
it indicates the point where the frontal, parietal, tempo-
ral, and sphenoid bones meet (Fig. 5.1). The periosteum
covering the skull is termed the pericranium. At the
level of the temporal bone, the periosteum strictly ad-
heres to the inner surface of the temporalis muscle [27].
The floor of the anterior cranial fossa is mainly formed
by the orbital process of the frontal bone, which is
somewhat convex with a number of (orbital) crests, that
may be more or less developed. The frontal crest is lo-
cated anteriorly in the midline. This bony ridge sepa-
rates the two sides and gives attachment to the falx
cerebri, which contains the origin of the superior and
inferior sagittal sinuses. The central portion of the an-
terior fossa is much deeper and is formed by the eth-
moid bone, with the medial area being the cribriform
plate and the lateral area being the fovea ethmoidalis,
which represents the roof of the ethmoid sinus. The
crista galli is centrally located to separate the two crib-
riform plates that show multiple perforations transmit-
ting the olfactory nerve filaments. The foramen cecum
is located between the frontal crest and the crista galli.
Usually fibrous dural attachments plug this blindly end-
ing foramen, although rarely it may contain a persistent
anterior nasal emissary vein (normally existing in
young children). 

Lateral to the cribriform plate, the cribroethmoid
foramina give passage to the anterior, middle and pos-
terior ethmoidal arteries. The posterior portion of the
anterior fossa is formed by the upper part of the body
and lesser wings of the sphenoid bone. Centrally lies
the planum or jugum sphenoidale, which constitutes
the roof of the sphenoid sinus, bordered posteriorly by
the anterior chiasmatic sulcus. Laterally, the lesser
wing of the sphenoid roofs the optic canal, which
transmits the optic nerve with its dural sheath to the
orbit, and forms a sharp posterior bony border, in
which the sphenoparietal sinus is hosted. The anterior
clinoid process, the medial end of the lesser sphenoid
wing, covers the anteromedial portion of the cavernous
sinus containing the internal carotid artery (ICA),
where this artery forms its final loop before entering
the dura. The anterior clinoid process gives attachment
to the tentorium cerebelli. The butterfly-shaped middle
cranial fossa extends from the lesser wing of the sphe-
noid to the petrous ridge of the temporal bone, formed
by the body and greater wings of the sphenoid bone
and by the squamous and petrous portions of the tem-
poral bone. It is bounded in front by the anterior chi-
asmatic sulcus, the anterior clinoid processes and the
posterior margins of the lesser wings of the sphenoid,
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Fig. 5.1 Anterolateral aspect of the skull and relative su-
tures with the particulars of the internal surface of the
orbit (a) and of the inferior orbital fissure (b)
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behind by the dorsum sellae and the posterior border
of the petrous bone, and laterally by the sphenoparietal
and temporoparietal sutures. It is traversed by the
squamosal, sphenoparietal, sphenosquamosal, and
sphenopetrosal sutures. 

The central part of the middle fossa shows in front
the prechiasmatic sulcus (chiasmatic groove) and the
tuberculum sellae. The prechiasmatic sulcus ends on
either side at the optic foramen, which transmits the
optic nerve and ophthalmic artery to the orbital cavity.
The tuberculum sellae is a transverse ridge that sepa-
rates the chiasmatic groove anteriorly from the sella
turcica posteriorly. The sella turcica is a deep rounded
depression that cradles the pituitary gland. On either
side of the sella turcica, the carotid groove contains the
sigmoid curve of the ICA as it courses from the petrous
apex through the cavernous sinus. The sella turcica is
bounded posteriorly by a quadrilateral plate of bone,
the dorsum sellae, the upper angles of which are the
posterior clinoid processes, that afford further attach-
ment to the tentorium cerebelli. The posterior bicli-
noidal line is a line passing between the apex of the two
posterior clinoidal processes. It is an important land-
mark that can be visualized in preoperative neuroimag-
ing studies. Below each posterior clinoid process, a
notch for the abducens nerve is found. Occasionally a
middle clinoid process exists that can be bridged to the
anterior clinoid, so forming a caroticoclinoid foramen,
through which passes the ICA.

The lateral parts of the middle fossa are the wider
portion of the middle skull base and are marked by de-
pressions and crests and traversed by furrows for the an-
terior and posterior branches of the middle meningeal
vessels. These furrows begin near the foramen spin-
osum, where the middle meningeal artery enters the cra-
nium, and the anterior runs forward and upward to the
sphenoidal angle of the parietal bone, while the posterior
runs laterally and backward across the squama tempo-
ralis and the parietal bone. There are several depressions
and elevations in the floor of the middle cranial fossa.
The trigeminal impression, containing the stem of the
trigeminal nerve, is located anterolateral to the foramen
lacerum at the apex of the petrous ridge. Posterior to
this, the eminentia arcuata overlies the superior semi-
circular canal. The tegmen tympani, a thin bone plate
roofing the middle ear, is situated anterolateral to the
eminentia arcuata, with the hiatus and the groove of the
greater superficial petrosal nerve (GSPn) located in be-
tween. The groove of the GSPn courses obliquely from
posterior to anterior and from lateral to medial, directed
towards the foramen lacerum, and represents an impor-

tant landmark because it courses parallel and immedi-
ately superior and lateral to the canal containing the ICA
in its horizontal intrapetrous portion. 

A number of important foramina are found in the
mesial floor of the middle cranial fossa. Anteriorly is
the superior orbital fissure (SOF), which leads to the
orbital cavity. Inferior and lateral to the SOF, the fora-
men rotundum transmits the maxillary division (V2) of
the trigeminal nerve; this is in effect a canal of about 4
mm length. Posterolateral to the foramen rotundum, the
foramen ovale transmits the mandibular division (V3)
and the motor branch (V3m) of the trigeminal nerve to-
gether with the lesser superficial petrosal nerve. The
foramen spinosum lies posterior and lateral to the fora-
men ovale. Upmost medially, where the petrous apex
articulates with the sphenoid bone, an irregularly
rounded opening to the carotid canal is formed, which
represents the cranial outlet of the foramen lacerum
(Fig. 5.2) [27-30].

In the mesial surface of the middle cranial fossa is
lodged the cavernous sinus. An accurate description of
this complex structure is beyond the scope of this chap-
ter. Briefly, it is a hexagonal lacunar venous (it is a mat-
ter of discussion whether it is plexiform or sinusoidal)
structure with proper dural walls. The anterior wall is
hidden under the anterior clinoid process, the superior
and lateral walls are continuous, with the tentorial edge
in between, The superior wall is entered by the third cra-
nial nerve and, more posterior and lateral, by the fourth
cranial nerve, and the lateral wall is formed by two dif-
ferent dural layers: an external one, represented by the
dura of the temporal lobe, and a thinner connective in-
ternal layer strictly adherent to the periosteum of the
sphenoidal bone. The ICA and the first division of the
trigeminal nerve penetrate the cavernous sinus through
this wall. The medial wall corresponds to the dura pro-
pria covering the sella turcica. The inferior wall is
formed by the periosteum of the sphenoid bone in the
angle between the body and great wing. The posterior
wall lies between the middle and posterior fossa, repre-
sented by the petroclinoid fold, through which the sixth
cranial nerve penetrates inside. The cavernous sinus
contains the intracavernous ICA and the sixth cranial
nerve, located medially to the internal layer of the lateral
wall, while the third and fourth cranial nerves and the
first division of the trigeminal nerve cross inside it, lo-
cated between the two layers of the lateral wall. 

The ICA originates from the common carotid artery
at the level of the third/fourth cervical vertebrae and
enters the carotid canal of the petrous bone. It ascends
vertically for about 5 mm and then turns anteromedially
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(posterior loop) into the horizontal portion, medial to
the eustachian tube and slightly inferior and anterolat-
eral to the cochlea. The horizontal portion of the in-
trapetrous ICA runs obliquely from posterior to anterior
and from lateral to medial in a bony canal, which may
be dehiscent in its superior wall, under Meckel’s cave
to enter the cavernous sinus laterally and from below.
In the cavernous sinus the ICA is embedded in the ve-
nous plexus and forms three loops: lateral, medial and
anterior. The ICA penetrates the basal frontal dura lat-
eroinferiorly to the optic nerve entrance in its canal.
The superior wall of the cavernous sinus forms a fi-
brous ring (internal ring) around the ICA, while the
dura mater forms a second superior ring (external ring),
less firmly attached. The cervical ICA gives no
branches, but its intrapetrous portion gives off caroti-
cotympanic and pterygoid branches. The intracav-
ernous ICA provides a number of branches mainly sup-
plying the cranial nerves contained in the cavernous
sinus, the pituitary, and the tentorial and clival dura
(Fig. 5.3) [28, 29, 31].

The orbit is the cavity containing the eye and related
structures. It is limited by four walls: superior, inferior,
medial and lateral. The superior wall, or orbital roof, is
formed by the orbital process of the frontal bone. The
superior bony margin of the orbit is defined by the
(supra)orbital rim. In its medial portion is located the
supraorbital notch or foramen, from which the supra-
orbital nerve emerges. The lateral wall is formed by the
zygomatic and sphenoidal bones, the inferior wall cor-
responds to the orbital portion of the maxillar and pala-
tine bones, while the medial wall is formed by the eth-
moidal and lacrimal bones. In the orbital cavity there
are two fissures and one canal. The SOF, located in the
posterior part of the orbital wall, between the greater
and the lesser wings of the sphenoid, transmits from the
cranial cavity the ophthalmic, oculomotor, trochlear
and abducens nerves, as well as the superior ophthalmic
vein. The inferior orbital fissure (IOF) is a cleft be-
tween the greater wing of the sphenoid and the orbital
surface of the maxilla for passage of the zygomatic and
infraorbital nerve and vessels. The maxillary division
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Fig 5.2 Internal surface of the skull base with the three cranial fossae and the main bone landmarks



(V2) of the trigeminal nerve, in effect, enters the ptery-
gopalatine fossa through the foramen rotundum, which
is separated from the SOF by a bony bridge called the
maxillary strut. After a short course in the pterygopala-
tine fossa, the maxillary nerve enters the IOF in its mid-
dle portion to become the infraorbital nerve, which runs
together with the infraorbital artery in the infraorbital
groove (sulcus infraorbitalis). The groove anteriorly ac-
quires a bony roof and becomes the infraorbital canal,
which leads to the infraorbital foramen. 

The optic canal contains the optic nerve with its
dural sheath and the ophthalmic artery. The optic strut
is a thin lamina of bone located in the inferomedial wall
of the optic canal, which separates it from the infracli-
noid ICA at level of the anterior loop. The lacrimal
gland lies in the fovea located in the superolateral
angle. The lacrimal sulcus, the groove-like beginning
of the nasolacrimal canal, and the fossa of lacrimal sac
are located in the superomedial portion of the orbit, be-
tween the anterior and posterior lacrimal crests, near
the anterior ethmoidal foramen, which gives passage to
the anterior ethmoidal nerve and vessels. The pe-
riostium of the orbital cavity is termed the periorbita
and is solidly adherent to the bone at the inlet and outlet
of the orbit. It contains the oculomotor muscles and
nerves, the first branch of the trigeminal nerve and the
optic nerve and eyeball, which is contained in a gliding
connective tissue membrane (Tenon’s capsule). The ter-
minal branch of the ophthalmic nerve exits the perior-
bita and passes to the frontal region through the supra-

orbital notch, that sometimes forms a true foramen (Fig.
5.1, parts A and B) [27, 30].

Over the outer anterolateral aspect of the skull, two
different muscular layers are found. The deep cranio-
facial muscular layer is represented by the masticatory
muscles, all innervated by the motor branch of the third
division of the trigeminal nerve (V3), that comes out
from the foramen ovale, and mainly vascularized by
branches from the maxillary artery. The temporalis
muscle, the most important of the masticatory muscles
providing for more than 50% of the mandibular action,
has its inferior attachment in the coronoid process of
the mandible while its distal fibers are attached at the
level of the superior and the inferior temporal lines; the
muscle lies directly on the periosteum; it is covered by
a fascia muscularis propria, which represents the inner
layer of the superficial temporal fascia, attached supe-
riorly to the superior temporal line and inferiorly to the
inner margin of the zygomatic arch. Proper arteries
(deep temporal arteries, branches of the internal max-
illary artery) and nerves (deep temporal nerves) of the
temporal muscle course in its deep surface, immedi-
ately over the subperiosteal plane. 

The masseter muscle is attached superiorly to the
zygomatic arch (mainly formed by the zygomatic
process of the temporal bone) and inferiorly to the
mandibular angle. This muscle is also provided with a
proper muscular fascia and receives innervation and
vascularization from its deeper surface. The other mas-
ticatory muscles, lateral and medial pterygoid muscles,
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lie in the subtemporal pterygoid space. The superficial
musculoaponeurotic layer (epicranius muscle) lies over
the deep muscular layer. It is formed by the mimic mus-
cles, innervated by the frontal branch of the facial nerve
and vascularized mainly by the superficial temporal ar-
tery (STA). The galea aponeurotica is the common ten-
don of all these muscles. Over the temporalis muscle
the galea constitutes the external layer of the superficial
temporal fascia (fascia temporalis superficialis): it is
attached inferiorly to the outer margin of the zygomatic
arch and superiorly shows reinforced adhesions to the
proper muscular fascia at level of its insertion in the su-
perficial temporal line.

The superficial aponeurotic layer represents the con-
tinuation of the fascia cervicofacialis superficialis,
which contains all the facial mimic muscles, including
the orbicularis oculi. The facial nerve (cranial nerve
VII) in its intraparotid portion gives rise to the fron-
totemporal branch, which innervates the frontal mus-
cles and partly the orbicularis oculi (also innervated by
the zygomatic branch). The frontotemporal branch
crosses over the zygomatic arch approximately 2 cm
anterior to the tragus, within 1 cm from the anterior di-
vision of the STA and runs in the fat pad contained be-
tween the galea and the fascia temporalis propria. The
derma and skin are innervated anterolaterally by the
supraorbital nerve (the thickest distal branch of V1,
which conveys sensation from the forehead, conjunc-

tiva, upper eyelid and frontal sinus) and posterolaterally
by the auriculotemporal nerve (distal branch of V3,
coming from the foramen ovale, crossing over the pos-
terior root of the zygomatic arch and running posterior
to the STA and anterior to the tragus in the supragaleal
plane) [32-34]. Figure 5.4 depicts the relationships of
the arteries and nerves of the superficial planes of the
anterolateral cranial region with the temporal muscle
and its fascial layers.

5.3 Operative Technique

5.3.1 Frontotemporoorbitozygomatic
Approach

We prefer to perform the FTOZ approach as a two-piece
nonosteoplastic craniotomy not only because it results
simpler, but also because it may be more easily adapted
and tailored, based on the specific pathology to be
treated. Moreover the two-piece OZ craniotomy allows
more extensive orbital roof removal and better visuali-
zation of the basal frontal lobe, so that the risks of enoph-
thalmus and poor cosmetic results are reduced [26].

We rarely use lumbar drainage, which in any case is
contraindicated in the presence of a large supratentorial
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Fig 5.4 Relationships of the arter-
ies and nerves of the superficial
planes of the anterolateral cranial
region with the temporal muscle
and its fascial layers (STA superfi-
cial temporal artery).



mass, obstructive hydrocephalus and a ruptured
aneurysm operated on in the immediate posthemor-
rhagic period. Controlled cerebrospinal fluid (CSF) re-
moval, on the other hand, relaxes the brain and mini-
mizes the use of retraction in the treatment of unruptured
(or not recently bleeding) complex aneurysms and in
parasellar and juxta-clival lesions.

Orotracheal intubation is used, with the tube com-
ing out from the contralateral angle of the mouth and
securely fixed by plasters to the skin to avoid its mi-
gration.

The patient is placed supine with a soft gelatin roll
under the ipsilateral shoulder to reduce neck torsion and
to improve venous drainage. The arms, secured at the
patient’s side, are padded to avoid pressure on nerves
and arteries. Both legs are slightly flexed at the knee to
avoid hyperextension injury, and are wrapped with se-
quential compression devices to reduce venous stasis
and to prevent thromboembolic complications. The op-
erating table is adjusted so that the trunk and head are
elevated about 20° for additional improvement of cere-
bral venous outflow. Once secured to a Mayfield three-
point headrest, taking care that the pins are kept far
away from the planned incision site, the head is ex-
tended backward over the neck about 10-15° so that the
malar eminence remains the highest point in the opera-
tive field; this maneuver allows the frontal and temporal
lobes to fall by gravity away from the bony basal struc-
tures for better surgical access with minimal need for
retraction. Finally the head is rotated 15-60° to the con-
tralateral side. The degree of rotation is dictated by the
location and extension of the targeted lesion: 30° rota-
tion brings the perpendicular axis of vision directly to
the anterior clinoidal process, at the point where the
optic nerve enters its canal and the ICA becomes in-
tradural; rotation is increased for lesions involving the
middle anterior fossa and the lateral fossa, decreased for
lesions involving the orbital, juxtasellar and clival re-
gions. During the operation, with the head-holder rigidly
fixed to the table, the head position may be altered to
optimize the surgical view by turning and/or tilting the
table itself; the angle of the microscope can also be ma-
nipulated to obtain multidirectional viewing. Figure 5.5
shows the position of the patient on the operating table.

The soft tissues of the superficial planes are pre-
pared in the interfascial mode [32]. The skin incision
is started below the posterior root of the zygomatic
arch, 1 cm anterior to the tragus, continued superiorly
along the line of the posterior third of the temporal
muscle, and then frontally curved toward the opposite
superior temporal line, in a bicoronal fashion, remain-

ing whenever possible at least 1 cm behind the hairline.
The position of this incision preserves the main trunk
of the STA, that courses behind it together with the au-
riculotemporal nerve over the galea, and the frontotem-
poral branch of the facial nerve, which is located in the
areolar fat between the outer (galea) and inner (fascia
muscularis propria) layers of the superficial temporal
fascia, crossing over the zygomatic arch about 2 cm an-
terior to the tragus. 

The skin flap is sharply dissected from the galea and
reflected anteroinferiorly. Acute folding of the flap may
interfere with the blood supply and subsequently cause
bad scarring of the skin incision. The scalp posterior to
the incision is undermined and a flap formed by galea
and pericranium is incised from below and along both
superior temporal lines, carefully dissected subpe-
riosteally preserving the periosteal blood supply, and
turned downward. This galeal-pericranial flap will be
available during the reconstructive phase for paranasal
sinus repair and prevention of CSF leakage. The infe-
rior limits of the lateral incisions of the flap are at least
2.5 cm distal to the orbitozygomatic suture to preserve
the frontotemporal branch of cranial nerve VII, which
remains below. At this level, the outer (galea) and inner
(fascia temporalis propria) layers of the fascia tempo-
ralis superficialis are then incised together in an oblique
direction toward the posterior root of the zygomatic
arch. The inferior portion of the incised superficial tem-
poralis fascia (with the frontotemporal branch of the fa-
cial nerve inside its two layers) is reflected inferiorly
together with the galeal-pericranial flap. Sharp subpe-
riosteal dissection further exposes the orbital rim to the
zygoma. The supraorbital nerve, which may be in a
notch or in a true foramen, is reflected with the flap.
Small osteotomes or a high-speed drill are used to free
the nerve and its accompanying vessels, if it is con-
tained in a foramen. 

A second incision is performed posteriorly in the
fascia temporalis superficialis, comprising both its ex-
ternal and internal layers, from the superior temporal
line to the posterior zygomatic root, along the posterior
third of the temporal muscle. The fascial incisions join
at the posterior root of the zygomatic arch and the tem-
poralis fascia (with all its layers) remains adherent to
the superior temporal line attachment, forming a trian-
gle with two free sides joining at the inferior vertex.
The superior portion of the fascia temporalis superfi-
cialis is dissected free from the outer surface of the tem-
poral muscle and elevated superiorly while remaining
attached to the superior temporal line to form a large
fascial cuff that will be used later for reconstruction.
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The inferior portion of the same fascia is reflected
down with the galeal-pericranial flap to completely ex-
pose the lateral part of the orbital rim, the temporal
process of the zygomatic bone and the zygomatic arch,
which is dissected subperiosteally preserving its attach-
ment to the masseter muscle. Subsequently, the zygo-
matic arch may be sectioned at its extremities using an
oscillating saw, a Gigli saw or a thin high-speed drill,
and turned down attached to the masseter muscle; the
zygomatic cuts should be oblique for secure reattach-
ment of the arch; preplating the bone at the level of the
cutting lines makes its reconstruction easier. 

The temporal muscle is then sectioned posteriorly
along the direction of its fibers. A second superior in-
cision is performed in the muscle at the level of its at-
tachment to the inferior temporal line to leave a narrow
muscular cuff for subsequent reconstruction. The mus-
cle is mobilized from the calvaria using a subperiosteal
elevator. This subperiosteal dissection is better per-
formed in a retrograde fashion, from inferior to superior
and from posterior to anterior in order to better preserve
the deep arterial feeders and nerves that course in the
medial surface of the temporalis muscle just superfi-
cially to the periosteum; to minimize muscle atrophy,
monopolar cauterization has absolutely to be avoided
[14, 32-34]. The temporalis muscle is then turned
downward. The lateral wall of the orbit becomes evi-
dent and can be freed from the last attachments of the

temporal muscle until the anterolateral portion of the
IOF is exposed at the level of the suture between the
greater wing of the sphenoid and the zygomatic bone.
If the zygomatic arch has been sectioned, the muscle is
passed between its residual extremities and further re-
tracted. Resection of the zygomatic arch is not always
performed; it is only indicated when a wide exposure
of the lower middle fossa is programmed.

The periorbita is then freed from the supralateral or-
bital margin to a depth of 2.5 to 3 cm; the periorbita is
continuous with the frontal periosteum and preserving
the base of the pericranial flap during its former prepa-
ration is helpful in defining the periorbital plane and in
keeping it intact during its separation from the roof and
lateral wall of the orbit. The periorbita is most adherent
at the level of the frontozygomatic suture, and once
freed at this point a plane is defined for further dissec-
tion. The periorbital dissection is thereafter best started
laterally, taking care not to endanger the lacrimal gland,
which is located just medial to the suture. Medially, the
trochlear swing sling insertion must be preserved. Dis-
section of the periorbita is brought laterally to expose
the lateral borders of the superior and inferior orbital
fissures. Disruption of the periorbita allows the yellow-
ish orbital fat to come out. Bipolar coagulation may be
used to reduce bulging cumbersome fat if the disruption
is small, but large breaks in the periorbita have to be
repaired with absorbable sutures. Violation of the peri-
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Fig 5.5 Positioning of the patient on the
operating table



orbita leads to increased postoperative periorbital
swelling and bruising and may increase the risk of late
enophthalmus. After the periorbita is freed, the galeal-
pericranial and temporalis muscle flaps are retracted,
together with the underlying scalp flap, with downward
directed hooks to fully expose the anterolateral bony
surface of the skull.

The FTOZ craniotomy is then performed. A fron-
totemporal flap is prepared first, with drilling of the
sphenoid ridge as routinely performed for a standard
pterional approach. The osteotomy can be extended an-
teriorly and medially toward the frontal midline or in-
feroposteriorly toward the temporalis fossa, as needed
to expose the targeted lesional area. Because the FTOZ
approach is used to treat particularly complex and ex-
tensive lesions, normally the osteotomy is extended
medially to the supraorbital notch in the frontal region
and is pushed low and posterior in the temporal area.
Usually three burr holes are made using a cranial per-
forator or a round-tipped high-speed drill. The first hole
is placed in the frontal bone immediately behind the
frontozygomatic suture. The second burr hole is placed
in the lowermost exposed squamous temporal bone,
just posterior to the sphenosquamosal suture, about 2
cm anterior to the posterior root of the zygomatic arch.
The third burr hole is placed at the level of the tem-
poroparietal suture, anterior to the temporal line. Some
bone dust may be retained when the holes are made, to
be placed along the reapposed bony edges of the fron-
totemporal craniotomy during reconstruction. The dura
mater underlying the holes is then dissected free with a
subperiosteal elevator; if it is strongly adherent to the
bone of the inner cranial surface, a further fourth hole
is placed just lateral to the midline in the frontal bone
above the nasion; this hole has to expose the frontal
dura immediately lateral to the superior sagittal sinus,
eventually perforating both the anterior and posterior
walls of the frontal air sinus. 

Using the drill and small osteotomes to remove the
bony bridge formed by the greater wing of the sphe-
noid, a basal craniectomy joining the first two holes is
performed. With a high-speed powered craniotome, the
second and third holes are connected. The osteotomy
is initially directed horizontally and posteriorly in the
squama of the temporal bone for 2 to 3 cm and is then
curved superiorly toward the temporoparietal hole. An
osteotomy is then cut from the third hole to the superior
orbital rim, in a curved fashion directed from posterior
to superior, passing behind the musculofascial cuff, and
then anteroinferiorly toward the frontal basis medial to
the supraorbital notch; the roof of the orbit will stop the

craniotome. When a fourth hole has been placed, the
osteotomy ends at its level. In most cases the lower part
of this osteotomy will enter the frontal sinus, severing
its external and internal walls. 

Finally, an osteotomy is made starting at the burr
hole located in the frontal bone near the OZ suture and
directed, just above and parallel to the orbital rim, to-
ward the frontal ending of the previous bony cut (or to-
ward the fourth hole). Periosteal elevators are used to
further dissect the dura from the inner bony surface and
to remove the frontotemporal flap. After mobilization
of the flap, the frontal sinus is exposed. Its posterior
wall is then removed, the mucosa is exenterated and the
ostium of the frontal sinus is plugged with muscle or
fat held in place with fibrin glue. These maneuvers con-
stitute the so-called "cranialization" of the sinus and all
instruments used to perform it, and thereafter exposed
to the nonsterile environment of the air sinus, are kept
separate and resterilized while surgical team redresses.

Usually, the dura is secured to the bone with multi-
ple sutures passed through tiny holes drilled all along
the frontoparietal edge of the craniotomy. The basally
exposed dura is then dissected with small subperiosteal
elevators from the frontal floor (until the anterior cli-
noid process and the distal entrance of the optic canal
are fully exposed), from the sphenoid ridge (until the
lateral portion of the SOF is exposed), and from the an-
terolateral and inferior borders of the temporal fossa
(until the foramen rotundum, ovale and spinosum and
also the petrous portion of the temporal bone, if neces-
sary, are exposed). Brain detension, obtained by admin-
istration of osmotics and diuretics and rarely by CSF
subtraction, is helpful in this phase. The residual medial
portion of the sphenoid bridge is drilled away until the
SOF is reached. A small artery (recurrent meningeal
branch of the ophthalmic artery or orbitomeningeal ar-
tery) is invariably seen passing from the temporal dura
to the orbit at the lateral edge of the SOF and represents
a valuable landmark for dural dissection. The lateral
and superior borders of the SOF are enlarged using
punches and small osteotomes to be successively con-
nected with the bony cuts for the OZ osteotomy. In par-
ticular, the most deep and medial portion of the orbital
roof overlying the orbital entrance of the optic nerve is
rongeured away. The bony crests in the orbital process
of the frontal bone are also drilled away if they are ex-
uberant. The bone of the temporal fossa is then drilled
or rongeured away until the medially located foramina
are seen and eventually freed. Normally we prefer to
drill these bony structures under microscopic magnifi-
cation, particularly while proceeding to the depth.
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The OZ osteotomy can then be performed. The first
cut is made with a thin-pointed drill at the level of the
inferior aspect of the lateral orbital rim, just over the
zygomatic root of the arch (which has been previously
sectioned), directed toward the anterolateral border of
the IOF. The IOF may be difficult to expose when the
angle between the external surface of the lateral wall
of the orbit and the outer anteroinferior border of the
temporal fossa, just overlying the pterygoid space, is
particularly tight. In this infrequent case, a notch may
be drilled in the temporal floor, inferior and lateral to
the foramen rotundum, to better control the anterolat-
eral portion of the IOF. A second osteotomy is then per-
formed from the IOF to the lateral edge of the SOF; this
cut, sectioning the inferomedial part of the greater sphe-
noid wing, is more easily performed if the SOF has
been previously enlarged, exposing the periorbita at the
level where it is continuous with the temporal dura. A
third osteotomy is then cut in the medial aspect of the
orbital roof, under direct visualization, from the supe-
rior orbital rim to the superior edge of the SOF, which
also has been previously enlarged medially to expose
the periorbita at the point where it becomes continuous
with the dura propria of the optic nerve; this cut is
started just medial to the supraorbital notch and passes
lateral to the frontoethmoidal suture, taking care to
avoid injury to the trochlear insertion of the superior
oblique muscle. All cuts are performed with a thin-
tipped drill or alternatively a reciprocating saw. 

While performing the osteotomies, a malleable spat-
ula is placed between the bone and the dissected peri-
orbita to prevent its laceration, avoiding any pressure
on the orbital contents. Also the frontal and temporal
dura, detached from the bone, is elevated during the os-
teotomies and eventually protected with malleable re-
tractors applied with minimal pressure. The use of cot-
tonoids placed over the dura or periorbita has to be
avoided during this operative time, because they could
become entangled in the drill point and violently ro-
tated endangering the exposed structures. After com-
pletion of the osteotomies, the OZ flap is freed from
any residual dural and periorbital deep adhesion and
mobilized outward. Figure 5.6 shows the preparation
of a total OZ craniotomy in a cadaveric specimen.

At this point the basal frontal and medial temporal
dura is completely exposed, separated from the perior-
bita by a bony bridge formed superiorly by the roof of
the optic canal and the anterior clinoid process and lat-
erally by the most posterior residual of the lateral or-
bital wall. From this point any surgical maneuver is
conducted under magnification. The optic canal is

opened extradurally using small rongeurs to skeletonize
the dura propria of the optic nerve. The anterior clinoid
process is drilled, together with the optic strut, using
small diamond-tipped burrs to expose the subclinoid
portion of the ICA. These maneuvers are performed in
most cases because they allow better mobilization of
the ICA and optic nerve after the dural opening, which
facilitates the surgical treatment of lesions extensively
involving the anterior and middle cranial base or ex-
panding into the parasellar region and/or the interpe-
duncular cistern. We prefer not to use the drill to unroof
the optic canal in order to avoid damage to the sheath
of the optic nerve. The anterior clinoid process is drilled
from its superior wall and from its inner portion, leav-
ing a thin bony sheet around its borders that is succes-
sively broken and removed with small dissectors.

After complete removal of the clinoid process, trou-
blesome bleeding from the cavernous sinus can be con-
trolled by plugging the cavity with small pieces of mi-
crofibrillar collagen (Avitene; MedChem Products,
Woburn, MA) avoiding compression of the ICA. The
anterior clinoid process may be pneumatized, commu-
nicating with the sphenoid sinus. The ethmoid and
sphenoid sinuses may also be entered when the planum
sphenoidale is further drilled medial to the optic canal.
Each communication with the paranasal sinuses will be
closed during the reconstructive phase. If needed, the
dura covering the temporal floor may be elevated, ex-
posing the foramina spinosum, ovale and rotundum.
The middle meningeal artery, coming out from the fora-
men spinosum, may be sectioned. Dissection of the
dura posterior to the foramen ovale exposes the GSPn
as it exits the geniculate ganglion from the facial hiatus;
endangering or sectioning this nerve may cause ipsilat-
eral ocular anhydrosis. The GSPn is sectioned only in
the rare cases in which the horizontal intrapetrous por-
tion of the ICA has to be exposed (for example, when
a short high-flow by-pass is prevented in the treatment
of an extensive intracavernous neoplasm).

The intradural or the extradural route may be then
used, eventually in combination, to treat the targeted
pathology. The extradural route is particularly indicated
in the treatment of neurinomas involving the temporal
fossa and of meningiomas expanding in the sphenocav-
ernous region. In these cases, when a wide exposure of
the temporal fossa and eventually of the infratemporal
spaces is needed, mobilization of the zygomatic arch is
mandatory (Fig. 5.7). The intradural route is more fre-
quently used. The dura mater is widely opened in a
standard fashion (C-shaped incision based anteriorly)
and used to retract inferiorly the periorbita with the in-
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Fig 5.6 Photographs from the preparation in a cadaveric specimen showing the steps of the FTOZ approach. a The scalp flap is re-
tracted and the galeal and pericranial flap is being incised. b The galeal-pericranial flap has been reflected and both the outer and the
inner layers of the fascia temporalis superficialis are incised. c The posterior border of the fascia temporalis superficialis has been
incised and turned upward to form a triangle based along the superior temporal line. d The inferior part of the fascia temporalis su-
perficialis has been subperiosteally dissected and turned inferiorly, completely exposing the orbital rim, zygoma and zygomatic arch.
e The supraorbital nerve is exposed in its canal. f The supraorbital nerve has been mobilized and retracted inferiorly with the peri-
cranial flap; the temporal muscle is dissected along the direction of its fibers and incised at the level of the inferior temporal line
leaving a small muscular cuff. g The temporal muscle has been dissected in a retrograde fashion and the zygomatic arch resected. h
The temporal muscle has been reflected trough the resected extremities of the zygomatic arch; the burr holes have been placed and
the sphenoid bridge has been resected joining the first and second holes. i The frontotemporal craniotomy has been prepared joining
the holes using a craniotome. j The frontotemporal flap has been removed, exposing the opened frontal sinus; the dura is dissected
from the orbital roof, sphenoid bridge and temporal floor. k The orbitozygomatic craniotomy is prepared. l The orbitozygomatic flap
has been removed, exposing the periorbita, and frontal and temporal dura
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traorbital contents, to gain further basal working room.
The sylvian fissure is widely opened as a rule and fur-
ther space may be gained by opening the dura propria
of the optic nerve and incising the dural ring encircling
the ICA at its intradural entrance. Intradural mobiliza-
tion of the optic nerve and ICA allows the surgical cor-
ridor located between these structures (interoptico-
carotid cistern) and the corridor between the ICA
siphon and the third cranial nerve (laterocarotid cistern)
to be enlarged. 

The third cranial nerve may be further mobilized by
sectioning the insertion of the dura at the tentorial notch
lateral to the nerve. This maneuver may enlarge the
working space lateral to the ICA (moving laterally the
third cranial nerve) and also may create a surgical cor-
ridor lateral to the nerve (if it is retracted medially). The
posterior clinoid process can be resected to gain access
toward the upper clival region and/or the interpedun-

cular cistern. This maneuver is particularly useful to ex-
pose complex and low-lying distal basilar aneurysms.
It has to be emphasized that the posterior clinoid
process is located inside the cavernous sinus. It can
only be resected, using a diamond-tipped drill and
small punches, after the overlying dura has been incised
and rebated. Troublesome bleeding from the cavernous
sinus is stopped by plugging with pieces of microfib-
rillar collagen. The cavernous sinus may be opened ei-
ther extradurally or intradurally (Fig. 5.8).

On completion of the surgical procedure, a water-
tight dural closure is performed. Dural defects can be
repaired with free pericranial grafts harvested from pos-
terior to the undermined skin flap. If the ethmoid or
sphenoid sinuses have been opened during the ap-
proach or removed because of pathological involve-
ment, these sinuses are also cranialized and packed
with autologous fat grafts and fibrin glue, as previously
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Fig 5.7 Photographs from the preparation in a cadaveric specimen showing the extradural intracranial preparation of the FTOZ ap-
proach. a The dura is dissected from the small bony bridge separating the periorbita from the frontal dura at the level of the orbit
apex formed by the roof of the optic canal and the anterior clinoid process (ACP). b The optic canal has been unroofed exposing the
optic nerve (ON); an anterior clinoidectomy has been performed exposing the subclinoidal portion of the internal carotid artery (ICA).
c The superior orbital fissure (SOF) has been completely opened revealing the temporal dura in continuity with the periorbita at the
level of the orbitomeningeal artery. d The dura is dissected from the temporal floor exposing the second division of the trigeminal
nerve (V2) entering the foramen rotundum and the middle meningeal artery (MMA) entering the cranium from the foramen spinosum.
e The middle meningeal artery has been sectioned and the temporal dura has been elevated to show the three divisions (V1, V2, V3)
of the trigeminal nerve, the gasserian ganglion (GG) and the distal portion of the primary root of the trigeminus. f The horizontal
portion of the ICA is exposed under V3 before its entrance into the cavernous sinus by drilling its canal
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performed with the opened frontal sinus. The OZ flap
is reapposed and fixed with titanium miniplates and
screws. The pedicled anterior galeal-pericranial flap is
then turned, extended to cover the cranialized frontal
sinus and any other defect in the anterior cranial fossa,
and sutured to the basal frontal dura. The dura is sus-
pended with stay sutures also to the superior edge of
the OZ bone and to the undersurface of the temporal

muscle; one or two central dural tack-ups are also
placed. The frontotemporal flap is then reattached using
miniplates and screws or other rigid fixation devices
(Craniofix; B. Braun Aesculap, Tuttlingen, Germany).
Eventual bony defects in the frontal region, as when a
hole has been placed at this level, are hidden with
shaped titanium plates. Bone dust may be placed to fill
gaps along the edges of the craniotomy for cosmetic
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Fig 5.8 Photographs from the preparation in a cadaveric specimen showing the intradural preparation of the cavernous sinus. a
Opening the dura medially to the third cranial nerve (3 cn) clearly reveals the external dural ring (ext ring) and the internal dural ring
(int ring) encircling the internal carotid artery (ICA; ON optic nerve). b after incision of the dural rings the ICA may be mobilized
exposing the ophthalmic artery (opht art) under the optic nerve. c The cavernous sinus is completely exposed and the third cranial
nerve (3 cn), the fourth cranial nerve (4 cn) and the first branch of the trigeminal nerve (V1) are clearly evident on the lateral aspect
of the ICA; removing the temporal dura over the sellar floor also reveals the common root of the trigeminal nerve (cr V) and the
second branch of the same nerve (V2). d The sixth cranial nerve (6 cn) is clearly visible with the dural portion (external wall) of the
cavernous sinus, in which are contained V1, 4 cn and 3 cn, moved medially
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reasons and to favor osteogenesis. The temporalis mus-
cle is returned to its anatomic position and sutured to
the muscular cuff and to its posterior sectioned portion.
The zygomatic arch, if sectioned and displaced, is repo-
sitioned using the previously implanted miniplates. The
fascia is reconstructed suturing its sectioned edges. A
drain is placed over the reconstructed fascia and the
scalp incision is closed in two layers.

5.3.2 Orbitopterional Approach

This method combines the frontotemporal craniotomy
with the superolateral orbitotomy into one single bone
flap. Patient positioning and preparation are the same
as described for the FTOZ approach. The head is usu-
ally rotated 30-40°. The scalp incision is similar to the
one used for the complete OZ approach, but extended
less toward the contralateral side, starting at the level
of the posterior root of the zygomatic arch and normally
ending at the midline. We also use the interfascial
preparation to perform this more limited OZ approach,
although subfascial preparation is recommended by
some authors. We use the submuscular, and sometimes
the subfascial, preparation for the standard pterional ap-
proach [8, 11, 14, 33]. However, we prefer the interfas-
cial preparation for any OZ approach because this
preparation better exposes, in our opinion, the supero-
lateral aspect of the orbit and its contents. 

The scalp flap is dissected, with sharp and blunt dis-
section, from the galea and from the outer layer of the
fascia temporalis superficialis. A full-thickness incision
of the galea and the pericranium is then performed an-
terior to the superior temporal line, starting about 3 cm
above the superolateral edge of the orbit and stopping 1
or 2 cm below the skin incision. A second incision is
made from the inferior limit of the first one, perpendi-
cular to it, directed to the midline. The superficial and
deep layers of the fascia temporalis superficialis are then
incised from the same level to the posterior root of the
zygomatic arch. The three incisions form an inverted T.
The superiorly incised pericranium is then dissected
from the frontal bone and everted superiorly and medi-
ally. A subfascial dissection of the inferior portion of the
temporal muscle is performed and the fascia temporalis
superficialis is turned downward together with the infe-
rior frontal pericranium, which has been incised with the
galea and subperiosteally dissected from the orbital rim. 

The superolateral border of the orbit is then exposed
from the ascending frontal process of the zygoma to the

supraorbital notch (or foramen). The frontotemporal
branch of the facial nerve is left intact, mobilized infe-
riorly between the two layers of the fascia temporalis
superficialis. This fascia is then detached from the su-
perficial temporal line, dissected from the outer surface
of the temporalis muscle and everted posteriorly and
laterally. The incised fascial flap, including both its su-
perficial and deep layers, forms a posteriorly based tri-
angle with two free sides joining at its anteroinferior
limit on the superior temporal line, above the frontozy-
gomatic suture. This preparation of the fascia tempo-
ralis allows a better final reconstruction of the fascial
plane. It is somewhat different from the one used for
the FTOZ approach, where the fascial cuff forms a tri-
angle based at the superior temporal line with the two
free edges joining posteroinferiorly at the level of the
posterior root of the zygomatic arch. 

We use this last preparation routinely whenever
opening of the frontal sinus is prevented and a pericra-
nial flap is needed to cover the defect. Preoperative
knowledge of frontal sinus extension from neuroimag-
ing is essential and navigation may help in the decision.
In any case the exposed temporalis muscle is posteri-
orly incised. Dissection of the muscle along the course
of the fibers in its inferior portion limits the section to
its superolateral portion. The muscle is then incised
along its attachment to the inferior temporal line, leav-
ing a small muscular cuff for final reconstruction. The
muscle is then dissected free in a retrograde fashion and
mobilized posteroinferiorly away from the skin flap.
The periorbita, continuous with the anteroinferiorly
everted pericranium, is dissected from the bone of the
orbital rim and roof from lateral to medial to a depth of
about 2.5-3 cm from the ascending zygomatic process
to the supraorbital notch. It is rarely necessary to mo-
bilize the supraorbital nerve when it passes through a
foramen; this is done only if the prevented craniotomy
is to be extended medial to the nerve exit.

The craniotomy is then performed. A keyhole burr
hole is placed over the frontosphenoidal suture 1 cm
behind the frontozygomatic suture. This hole is made
with a ball-pointed high-speed drill so that its upper
half exposes the periorbita and its inferior half exposes
the frontal dura, with the bony orbital roof in between.
This hole (MacCarty’s keyhole) is located about 1 cm
behind the point where the frontal keyhole for a stan-
dard craniotomy is usually placed to allow a deeper
dissection of the periorbita [9, 35]. Two accessory
holes are made: one in the lowest exposed squamous
temporal bone just superior to the posterior root of the
zygomatic arch, and the other at the level of the tem-
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poroparietal suture inferior to the temporal line. All the
holes will be hidden under the temporalis muscle after
reconstruction. A thin craniectomy is then performed
using the drill and small punches from the inferior
edge of the cranial half of the pilot keyhole along the
sphenoid bridge. 

After the dura has been dissected using curved pe-
riosteal elevators from the inner surface of the skull
bone, an osteotomy is performed using a craniotome
from the second to the third holes and continued to-
ward the superior orbital rim, usually lateral to the
supraorbital notch. The craniotome is stopped by the
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Fig 5.9 Intraoperative photographs showing the preparation for the orbitopterional approach (left side). a The scalp flap has been
turned and the galea and pericranium are incised along the superior temporal line and from about 2.5 cm above the supraorbital rim
to the midline, while both layers of the fascia temporalis superficialis are incised toward the posterior zygomatic root, forming an
inverted T. b The superior border of the pericranial flap has been turned upward and the fascia temporalis superficialis has been re-
flected downward forming a posteriorly based triangle. c The temporal muscle is incised. d The temporal muscle is dissected in a
retrograde fashion. e The temporal muscle is reflected inferiorly to expose the lateral wall of the orbit. f The burr holes have been
placed; the MacCarty burr hole reveals inferiorly the periorbita and superiorly the frontal dura. g Osteotomies have been performed
and the final cut in the orbital roof is made with a reciprocating saw. h The bone flap is removed showing the periorbita, and the
frontal and temporal dura. i Opening of the superior orbital fissure (SOF), optic canal unroofing and anterior clinoidectomy are per-
formed showing the medial loop of the internal carotid artery (ICA) lateral to the optic nerve (ON)
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orbital roof. A second cut is made using the craniotome
from the inferoposterior temporal hole to the inferior
edge of the craniectomy performed over the sphenoid
ridge, along the floor of the middle fossa. The frontal
basal dura is then dissected with a small subperiosteal
elevator, penetrated from the cranial part of the Mac-
Carty’s hole from the inner bony surface. With a thin-
tipped drill a cut is then made in the lateral orbital rim,
inferior to the frontozygomatic suture flush with the
malar eminence, directed superiorly to the burr hole.
The anterosuperior orbital rim is also sectioned medial
to the supraorbital notch where the craniotome
stopped. Finally, the thin bone of the orbital roof is sec-
tioned using a drill or an oscillating saw and protecting
the periorbita with a malleable spatula to join the limits
of the previously placed cuts in the orbital rim. We
strongly advise against the practice sometimes sug-
gested of forcibly fracturing the orbital roof, because
the uncontrolled line of fracture may involve the SOF
and/or the optic canal endangering the critical struc-
tures contained inside; moreover, orbital roof section
performed under direct vision allows a larger orbital
osteotomy [8, 12, 16]. 

After the residual dural and periorbital adhesions
have been dissected from the bone, the craniotomy flap
can be removed. The flap must be elevated proceeding
medial to lateral to avoid the mobilized orbital roof
being driven into the inferior frontal lobe. If needed,
additional bone may be removed piecemeal or by
drilling to reach the superolateral edge of the SOF. The
larger the residual defect in the orbital roof after recon-
struction, the higher is the risk of postoperative enoph-
thalmus or pulsatile exophthalmus. We recommend
performing the cut in the orbital roof as deep as possi-
ble proximal to the SOF. 

If the dura is difficult to dissect from the inner cranial
bone and at risk of laceration during the cranial os-
teotomies, the procedure may be converted to a two-
piece OPt craniotomy: a fourth burr hole is placed in the
frontal bone over the supraorbital notch and joined with
the craniotome to the pilot hole in a cut passing behind
the orbital rim. The anterolateral orbital rim and roof are
then mobilized performing osteotomies as described
above, but under direct vision from the subfrontal aspect.
OPt craniotomy is also better performed as a two-piece
method in patients in whom thick orbital crests and walls
are evident on preoperative neuroimaging studies.

After the OPt craniotomy has been mobilized, the
optic canal may be opened and the anterior clinoid
process drilled, as described above for the FTOZ ap-
proach. Obviously, the OPt approach provides a less-

extensive operative field. The middle fossa is well ex-
posed only in its anterior portion, but all maneuvers al-
ready described after dural opening (i.e. mobilization
of the optic nerve and ICA, section of the tentorial dural
notch lateral to the entrance of the third cranial nerve,
transcavernous posterior clinoidal process resection,
wide sylvian fissure opening, etc.) may be performed.

After the operative procedure has been completed,
careful reconstruction has to be achieved. The dura
mater is sutured or grafted in a watertight fashion and
definitively suspended. The OPt bony flap is reapposed
and rigidly affixed to the edges of the craniotomy, taking
special care to place the orbital rim at an adequate height
and to avoid sinking. Bony edges are reapproximated
nearer at the level of the anterolateral cut in the frontal
region. The temporalis muscle and fascia are cautiously
sutured along the incised edges and the scalp incision is
closed in multiple layers. Figure 5.9 shows the operative
preparation of a single-piece OPt craniotomy.

5.4 Indications

The fundamental principle of cranial base approaches is
that improved operative exposure and reduced brain re-
traction can be achieved through increased bone resec-
tion. However the increased exposure is gained at the
expense of a greater risk of cosmetic deformity, func-
tional incompetence and other complications. Exactly
tailoring the extent of bone resection to the particular
requirements of the pathology to be treated reduces risks
and complications while maintaining the advantages of
the skull-base approach. This is the reason we use, and
describe, different modifications of the OZ approach.

The OPt variant is the most limited of these ap-
proaches. It exposes the superolateral orbit cavity, the
entire anterior cranial fossa and the anterior part of the
middle cranial fossa, the sellar and parasellar region
and, if the posterior clinoidal process is resected, the
upper clival region. Exposure of these extradural com-
partments gives access to a number of intradural struc-
tures: the olfactory and optochiasmatic pathways, the
pituitary, the ICA siphon and the arterial branches of
the anterior circulation with the anastomosing circle of
Willis and the upper basilar artery, the inferior portion
of the frontal lobe and the anteromedial portion of the
temporal lobe; the cavernous sinus in its anterosuperior
part is also exposed. 

The OPt approach is indicated in the treatment of le-
sions involving the orbital apex and the superior orbital
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Fig 5.10 Preoperative (a, b, c) and postoperative (d, e, f) MRI scans of a meningioma occupying the medial bilateral orbital floor,
jugum and tuberculum sellae in a 36-year-old patient with pituitary dysfunction and visual loss. This tumor was completely removed
via an orbitopterional approach

Fig 5.11 Preoperative (a) and postoperative (b) MRI scans of a right sphenocavernous meningioma removed via the orbitopterional
approach. Intraoperative image (c) shows the right cavernous sinus opened from its superior wall and the intracavernous portion of
the tumor (unusually soft in consistency) completely removed, with preservation of the third (3 cn), fourth (4 cn) and sixth (6 cn)
cranial nerves and of the first branch of the trigeminal nerve (V1) in their intracavernous course. The intracavernous portion of the
internal carotid artery (Ic ICA) also appears intact. the optic nerve (ON), internal carotid artery (ICA) and basilar artery (BA) in their
intradural course are also completely free from tumor residuals. This 37-year-old patient complained preoperatively of atypical
trigeminal neuralgia, which disappeared after the operation; no adjunctive definitive neurological deficit was observed at follow-up
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cavity, both intra- and extraconal, of small to medium-
sized extraaxial expansive lesions involving the inner
and middle greater sphenoidal wing and the sellar
fossa, of aneurysmal lesions, and of lesions intraaxially
located at depth in the frontal and temporal lobes. Re-
moval of the orbital roof enlarges the subfrontal angle
of vision and lowers the skull-base trajectory making
the working space shallower and wider as compared
with the standard pterional craniotomy. The OPt ap-
proach is well suited to the treatment of meningiomas
involving the jugum sphenoidale, the tuberculum sel-
lae, the clinoidal process and the anteromedial sphenoid

wing (Fig. 5.10). Meningiomas involving the cavernous
sinus (sphenocavernous meningiomas) can be also
treated, in the case of soft parenchymal lesions, opening
its superior wall lateral to the entrance of the third cra-
nial nerve (Fig. 5.11). 

Pituitary tumors with prevalent suprasellar and lat-
erosellar expansion and craniopharyngiomas at the same
location not suitable for the transphenoidal route are also
best treated through the orbital modification of the OZ
approach. This approach can be used to treat limited and
well-circumscribed extra- or intraaxial tumors (i.e. cav-
ernous angiomas, gangliogliomas, amarthomas) located
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Fig 5.12 Intraoperative photographs of a very large left infraophthalmic aneurysm. A left orbitopterional approach with extradural
optic canal unroofing and anterior clinoidectomy was performed. a After dural opening, the aneurysm (An) is exposed lateral to the
optic nerve (ON). b The dura mater overlying the removed anterior clinoidal process is incised, revealing the anterior loop of the in-
ternal carotid artery (ICAal) in the Dolenc’s triangle. c The aneurysm is better exposed after mobilization of the optic nerve. d A clip
is apposed at the base of the aneurysm with preservation of the ophthalmic artery (opht. art.). This 19-year-old patient presented
with visual deficit in the right eye, and showed a good postoperative recovery
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deep in the inferior portion of the frontal lobe or in the
mesial portion of the temporal lobe. The wide subfrontal
exposure provided by the OPt approach allows full vi-
sualization of the ACoA complex without brain retrac-
tion. Difficult ACoA aneurysms can then be treated with
minimal opening of the sylvian fissure and reduced re-
section of the gyrus rectus, and also if upwardly directed
and deeply embedded in the frontal lobe. Complex
carotid bifurcation aneurysms can also be exposed with
minimal retraction. Optic canal unroofing and anterior
clinoidal process resection allow intradural mobilization
of the optic nerve and ICA and make this approach ideal
for the treatment of subchiasmatic carotidoophthalmic
aneurysms and of large and giant proximal carotid siphon

aneurysms (Fig. 5.12). We prefer to perform anterior cli-
noidectomy via the extradural route, but not for bleeding
lesions in the acute stage or for very large aneurysms di-
rectly lying on the planum sphenoidale [36].

The FTOZ approach may be performed with or
without zygomatic arch mobilization. This approach
maximizes exposure of the middle fossa and allows
better exposure of the lateral portion of the posterior
fossa. It is mainly indicated for the treatment of large
lesions located in the temporal floor, also involving the
anterior fossa and/or the orbit walls and cavity. The
total OZ approach is also indicated for the treatment
of lesions expanding medially from the anterior and
middle fossa towards the tentorial edge, whatever their
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Fig 5.13 Preoperative (a, b, c) and postoperative (d, e, f) MRI scans of a left sphenopetrocavernous meningioma approached through
a FTOZ craniotomy without zygomatic arch resection. This 58-year-old patient presented with a mild right-sided hemiparesis, and
no adjunctive deficit was noted after the apparently total removal
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size. Sphenopetrous and sphenopetroclival menin-
giomas with prevalent expansion in the middle fossa,
as well as other extradural and intradural extraaxial tu-
mors at the same location (e.g. chordomas, chondro-
mas, dermoids), are typical lesions that can be resected
using this approach (Fig. 5.13). Eventual extension of
these lesions into the posterior fossa can be reached
via a transcavernous posterior clinoidectomy and/or by
drilling the petrous bone medial to the carotid canal in
Kawase’s triangle [38]. For very large tumors the way
for a complete resection is progressively created by the
exeresis itself. 

Pituitary tumors and craniopharyngiomas with ret-
rosellar extension are also indications for this approach.
Tumors of the optochiasmatic pathways sometimes
show wide exophytic expansions into the lateral and
retrosellar cisterns and are well suited to the FTOZ ap-
proach. Very large fifth cranial nerve schwannomas
completely occupying the middle cranial fossa, includ-
ing its more anterior portion, are also best treated with
this approach, which allows the exeresis of these le-
sions through a completely extradural or a combined
extra- and intradural route (Fig. 5.14). Smaller trigem-
inal neurinomas in the middle fossa are best treated
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Fig 5.14 Preoperative (a, b, c) and postoperative (d, e, f) MRI scans of a large right trigeminal neurinoma expanding into the middle
and posterior fossa and bordering the deepest portion of the anterior fossa. The lesion was completely resected via a totally extradural
route using a FTOZ approach with zygomatic arch resection. This 17-year-old girl presented with visual disturbance progressively
worsening over one year until vision loss; only after the appearance of facial dysesthesias was the patient referred for neuroradiological
investigation
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with a simple tranzygomatic approach. Basilar
aneurysms can also be treated with a FTOZ approach,
which allows control of these lesions from the subtem-
poral and the anterior surgical corridors. Transcav-
ernous posterior clinoidectomy provides further access
to the interpeduncular fossa. This maneuver is essential
to visualize basilar aneurysms lying below the posterior
biclinoidal line, but it also may be performed to visu-
alize the upper portion of the basilar artery, where a
temporary clip can be applied [39] (Fig. 5.15).

The FTOZ approach with zygomatic arch resection
allows multidirectional viewing and surgical dissection

of deeply located lesions via the three fundamental an-
terolateral routes: transsylvian, subfrontal and subtem-
poral. The addition of zygomatic arch mobilization to
the FTOZ approach is required when tumoral lesions
extend into the deepest portion of the tentorial edge and
toward the lateral part of the posterior fossa. Lesions
with infratemporal expansion are also best treated with
zygomatic arch resection. Removal of the zygomatic
arch lowers the angle of vision in the treatment of basi-
lar artery aneurysms highly projecting over the poste-
rior biclinoidal line, allowing complete control of the
aneurysm with minimal brain retraction. The combina-
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Fig 5.16 Preoperative (a, b, c) and postoperative (d, e, f) MRI scans of a cavernous angioma ventrally located in the rostral midbrain.
The lesion was approached via a FTOZ craniotomy with zygomatic arch resection which allowed entry to the midbrain from the
safe zone located in the superomedial portion of the mesencephalic tegmentum in the most anterior portion of the right cerebral pe-
duncle. This 31-year-old man had several episodes of right-sided hemiparesis with subsequent partial recovery. After the last, more
serious, hemiparetic onset the patient also showed left-sided third cranial nerve paresis. Progressive recovery of both the hemiparesis
and the third cranial nerve paresis was noted after the operation
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tion of the surgical perspectives permitted by this ap-
proach allows access to lesions located in the ventral
midbrain through safe surgical corridors (Fig. 5.16).

We have described a further modification of the total
OZ approach, consisting of forced opening of patient’s
mouth to expose the infratemporal pterygoid region and
the posterolateral wall of the maxillary sinus. This mod-
ification can be useful in the treatment of benign tumors
encompassing both the neurocranial and splachnocra-
nial compartments [23].

5.5 Complications and Complication
Avoidance

Complications are related to improper surgical maneu-
vers during the true operative phase or to the procedural
preparation of the OZ craniotomy.

Accurate preoperative planning is essential to re-
duce morbidity. Preoperative neuroimaging provides
precise information about the origin, location, exten-
sion and possible nature of the lesion, as well as about
lesional relationships with neighboring neurovascular
structures and osteodural landmarks. MRI and CT
scans are complementary studies, and both have to be
performed when dealing with the complex pathologies
requiring a skull-base approach; bone windows on the
CT scan also have to be performed. Magnetic reso-
nance angiography, angio-CT and/or digital subtrac-
tion angiography are used to determine the functional
status of the lesional and perilesional vasculature, both
arterial and venous. Proper tumor vascularization, en-
casement of arteries and perforators and venous out-
flow have to be confirmed before any procedure is per-
formed. For aneurysms, standard angiography is better
supplemented with an angio-CT scan with 3-D recon-
struction to achieve complete spatial orientation. In tu-
mors and vascular lesions in which collateral circula-
tion has to be assessed, a balloon occlusion test is
performed with clinical neurological evaluation asso-
ciated with EEG and SPECT or xenon CT scanning.
We rarely use preoperative embolization, which re-
mains indicated for lesions highly vascularized from
branches of the external carotid artery (middle
meningeal, internal maxillary and/or ascending pha-
ryngeal arteries), as is the case in juvenile angiofibro-
mas and rarely in meningiomas, or from the tentorial
branches of the petrocavernous ICA. Embolization of
the STA is inadvisable because it may cause problems
in the blood supply to the skin flap [8, 12]. Saving the

deep temporal branches of the internal maxillary artery
during embolization procedures prevents secondary
hypotrophy of the temporal muscle.

Virtual tridimensional computed reconstruction of the
special anatomy of each single patient is helpful. Navi-
gation is useful both for accurate preoperative planning
and to achieve precise orientation during surgical maneu-
vers. The use of adjunctive intraoperative methodologies
(i.e. intraoperative Doppler sonography, videofluoroan-
giography, endoscopic assistance) and neurophysiologi-
cal monitoring further reduce complications.

Mortality and morbidity rates depend on many vari-
ables, including the patient’s preoperative clinical con-
dition and lesional features. Preoperative evaluation
includes clinical, endocrinological and metabolic as-
sessment. Neurological examination with documenta-
tion of visual acuity, ocular motility, olfactory func-
tion, facial sensation and situation of facial and
masticatory muscles is necessary to determine any
preoperative deficit in the cranial nerves that can be
injured during the operative procedure. The nature, lo-
cation, extension, vascularity and consistency of the
pathology influence the operative results. The larger
the tumor and the harder its consistency, the worse the
surgical conditions. Retrochiasmatic and deep loca-
tions, arterial and nerve encasement and invasion of
the cavernous sinus usually carry a higher risk of com-
plications and a lower probability of total removal.
Intra- or postoperative brain swelling can occur not
only as a consequence of arterial injury, but also sec-
ondary to obstruction of the venous outflow. Elevation
of the temporal lobe may endanger the infratemporal
veins and especially the vein of LabbÈ, which should
be preserved; a cautious subpial dissection of this vein
along its inferior portion in the temporal lobe as far its
entrance into the sigmoid sinus may eventually be per-
formed. Postoperative epidural hematomas are pre-
vented by accurate dural suspension and avoiding ex-
cessive cerebral detension during the procedure. Both
excessive and too-limited exposure of the lesion are
to be avoided.

Complications directly related to the preparation of
the OZ craniotomy are mainly esthetic and functional.
Application of strong hemostatic clips, aggressive co-
agulation of superficial vessels, occlusion of the poste-
rior trunk of the STA and acute folding of the scalp flap
can all endanger the blood supply and cause bad scar-
ring of the skin incision. Interfascial preparation and
accurate subperiosteal elevation of the myofascial
planes from the orbital rim and zygomatic arch prevent
injury to the frontotemporal and zygomatic divisions
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of the facial nerve. If a galeal-pericranial flap is pre-
pared, incision of its inferior border has to be stopped
at least 2.5 cm above the frontozygomatic suture to
avoid section of aberrant branches of the frontotempo-
ral division of cranial nerve VII. 

Postoperative hypotrophy of the temporalis muscle
may be a consequence of direct injury to muscle fibers
by improper dissection or excessive retraction, is-
chemia from interruption of the primary arterial supply,
denervation and inappropriate muscle tension. Careful
subperiosteal retrograde dissection of the muscle pre-
vents damage to muscle fibers and to proper deep ar-
teries and nerves. Monopolar cauterization has ab-
solutely to be avoided during muscle dissection.
Adequate muscle tension is obtained by leaving a small
muscular cuff attached to the craniotomy, to which the
muscle is sutured during reconstruction. The fascia
temporalis is also easily reconstructed if a cuff is left
attached to the craniotomy [11, 14, 33, 34]. If the zy-
gomatic arch is mobilized, we leave it attached to the
masseter muscle and perform preplating. This allows a
better cosmetic reconstruction and prevents postopera-
tive deficit in mastication. To avoid any masticatory
disturbance, the temporomandibular joint also has to be
left intact during drilling of the temporal floor. 

Violation of the frontal and/or other paranasal si-
nuses is a source of harmful complications. In the event
of cranialization of air sinuses by mucosal exenteration,

plugging pieces of muscle and fibrin glue into the
frontal ostium, eventually filling the ethmoidal and
sphenoidal cavities with autologous fat grafts and cov-
ering any bone defect in the anterior fossa with a vas-
cularized thick pericranial graft prevent CSF leakage,
pneumocephalus and late mucocele formation. Infec-
tions after cranialization are avoided by resterilizing the
instruments and ensuring that the surgical team redress.
Enophthalmus and pulsatile exophthalmus have been
described after OZ craniotomy. Respecting the integrity
of the periorbita, performing osteotomies in the orbital
roof in such a way as to minimize bone gaps and accu-
rate orbit roof reconstruction avoid these complications. 

Postoperative periorbital swelling is a common oc-
currence in patients submitted to an OZ approach, but
usually resolves in a few days with no residual func-
tional or cosmetic deficit. In rare cases massive con-
junctival edema occurs, requiring temporary tarsorrha-
phy. Accurate reconstruction and repositioning of the
bone flap(s) with plates and screws or other rigid fix-
ation devices avoid disfiguring sinking of the bone.
Bone edges should be tightly reapproximated at least
along one or two sides to favor osteointegration.
Strategic placement of the craniotomy burr holes so
that they will remain hidden under the reapposed mus-
cle and the use of shaped titanium plates and bone dust
to cover bony defects are useful for final good cos-
metic results.

5 Orbitozygomatic Approach 85

References

1. McArthur LL (1912) An aseptic surgical access to the pitu-
itary body and its neighborhood. JAMA 58:2009-2011

2. Frazier CH (1913) An approach to the hypophysis through
the anterior cranial fossa. Ann Surg 57:145-152

3. Yasargil MG (1969) Microsurgery applied to neurosurgery.
Thieme, Stuttgart, pp 119-143

4. Yasargil MG, Fox JL, Ray MW (1975) The operative ap-
proach to aneurysms of the anterior communicating artery.
In: Krayenb¸hl H (ed) Advances and technical standards in
neurosurgery, vol. 2. Springer, Vienna New York, pp 113-
170

5. Jane JA, Park TS, Pobereskin LH et al (1982) The supraor-
bital approach. Technical note. Neurosurgery 11(4):537-542

6. Pellerin P, Lesoin F, Dhellemmes P et al (1984) Usefulness
of the orbitofrontomalar approach associated with bone re-
construction for frontotemporosphenoid meningiomas. Neu-
rosurgery 15(5):715-718

7. Hakuba A, Liu S, Nishimura S (1986) The orbitozygomatic
infratemporal approach. A new surgical technique. Surg
Neurol 26:271-276

8. Al-Mefty O (1987) Supraorbital-pterional approach to skull
base lesions. Neurosurgery 21(4):474-477

9. Aziz KMA, Froelich SC, Cohen PL et al (2002) The one-
piece orbitozygomatic approach: the MacCarty burr hole
and the inferior orbital fissure as keys to technique and ap-
plication. Acta Neurochir (Wien) 144(1):15-24

10. Delashaw JB Jr, Tedeschi H, Rhoton AL Jr (1992) Modified
supraorbital craniotomy: Technical note. Neurosurgery
30(6):954-956

11. Lemole GM Jr, Henn JS, Zabramski JM, Spetzler RF (2003)
Modifications to the orbitozygomatic approach. A technical
note. J Neurosurg 99(5):924-930

12. Pieper DR, Al-Mefty O (1999) Cranio-orbito-zygomatic ap-
proach. Oper Tech Neurosurg 2(1):2-9

13. Sekhar LN, Janecka IP, Jones NF (1988) Subtemporal-in-
fratemporal and basal subfrontal approach to extensive cra-
nial base tumours. Acta Neurochir (Wien) 92(1-4):83-92

14. Zabramski JM, Kiris T, Sankhla SK et al (1998) Orbitozygo-
matic craniotomy. Technical note. J Neurosurg 89(2):336-341

15. Hayashi N, Hirashima Y, Kurimoto M et al (2002) One-piece
pedunculated frontotemporal orbitozygomatic craniotomy
by creation of a subperiosteal tunnel beneath the temporal
muscle: technical note. Neurosurgery 51(6):1520-1523

16. Balasingam V, Noguchi A, McMenomey SO, Delashaw JB
Jr (2005) Modified osteoplastic orbitozygomatic cran-
iotomy. Technical note. J Neurosurg 102(5):940-944



17. Miller ML, Kaufman BA, Lew SM (2008) Modified osteo-
plastic orbitozygomatic craniotomy in the pediatric popula-
tion. Childs Nerv Syst 24(7):845-850

18. Fujitsu K, Kuwarabara T (1985) Zygomatic approach for le-
sions in the interpeduncular cistern. J Neurosurg 62:340-343

19. Ikeda K, Yamashita J, Hashimoto M, Futami K (1991) Or-
bitozygomatic temporopolar approach for a high basilar tip
aneurysm associated with a short intracranial internal
carotid artery: a new surgical approach. Neurosurgery
28:105-110

20. Sindou M, Emery E, Acevedo G, Ben David U (2001) Re-
spective indications for orbital rim, zygomatic arch and or-
bito-zygomatic osteotomies in the surgical approach to cen-
tral skull base lesions. Critical, retrospective review in 146
cases. Acta Neurochir (Wien) 143(10):967-975

21. Al-Mefty O, Anand VK (1990) Zygomatic approach to
skull-base lesions. J Neurosurg 73(5):668-673

22. Uttley D, Archer DJ, Marsh HT et al (1991) Improved ac-
cess to lesions of the central skull base by mobilization of
the zygoma: experience with 54 cases. Neurosurgery
28(1):99-104

23. Di Rienzo A, Ricci A, Scogna A et al (2004) The open-
mouth fronto-orbitotemporozygomatic approach for exten-
sive benign tumors with coexisting splanchnocranial and
neurocranial involvement. Neurosurgery 54(5):1170-1179

24. Schwartz MS, Anderson GJ, Horgan MA et al (1999) Quan-
tification of increased exposure resulting from orbital rim
and orbitozygomatic osteotomy via the frontotemporal
transsylvian approach. J Neurosurg 91:1020-1026

25. Gonzalez LF, Crawford NR, Horgan MA et al (2002) Work-
ing area and angle of attack in three cranial base approaches:
pterional, orbitozygomatic, and maxillary extension of the
orbitozygomatic approach. Neurosurgery 50(3):550-557

26. Tanriover N, Ulm AJ, Rhoton AL Jr et al (2006) One-piece
versus two-piece orbitozygomatic craniotomy: quantitative
and qualitative considerations. Neurosurgery 58(4 Suppl 2):
ONS229-237

27. Feneis H, Dauber W (2000) Pocket atlas of human anatomy,
4th edn. Thieme, Stuttgart New York, pp 9-34, 54-55, 78-82,
322-332

28. Rhoton AL (2002) The anterior and middle cranial base.
Neurosurgery 51(Suppl 1):273-302

29. Lyons BM (1998) Surgical anatomy of the skull base. In:
Donald PJ (ed) Surgery of the skull base. Lippincot-Raven
Philadelphia, pp 15-30

30. Rhoton AL (2002) The orbit. Neurosurgery 51(Suppl
1):303-334

31. Chicoine MR, van Loveren HR (2000) Surgical approaches
to the cavernous sinus. In: Robertson JT, Coakhan HB,
Robertson JH (eds) Cranial base surgery. Churchill Living-
stone, London, pp 171-185

32. Yasargil MG, Reichman MV, Kubik S (1987) Preservation
of the frontotemporal branch of the facial nerve using the
interfascial temporalis flap for pterional craniotomy. Tech-
nical article. J Neurosurg 67(3):463-466

33. Coscarella E, Vishteh AG, Spetzler RF et al (2000) Subfas-
cial and submuscular methods of temporal muscle dissec-
tion and their relationship to the frontal branch of the facial
nerve. Technical note. J Neurosurg 92(5):877-880

34. Oikawa S, Mizuno M, Muraoka S, Kobayashi S (1996) Ret-
rograde dissection of the temporalis muscle preventing mus-
cle atrophy for pterional craniotomy. Technical note. J Neu-
rosurg 84(2):297-299

35. Shimizu S, Tanriover N, Rhoton AL Jr et al (2005) The Mac-
Carty keyhole and inferior orbital fissure in orbitozygomatic
craniotomy. Neurosurgery 57(Suppl 1):152-159

36. Noguchi A, Balasingam V, Shiokawa Y et al (2005) Ex-
tradural anterior clinoidectomy. Technical note. J Neurosurg
102(5):945-950

37. Dolenc VV (1999) A combined transorbital-transclinoid
and transsylvian approach to carotid-ophthalmic aneurysms
without retraction of the brain. Acta Neurochir Suppl
72:89-97

38. Kawase T, Shiobara R, Toya S (1991) Anterior transpet-
rosal-transtentorial approach for sphenopetroclival menin-
giomas: surgical method and results in 10 patients. Neuro-
surgery 28:869-876

39. Day JD, Giannotta SL, Fukushima T (1994) Extradural tem-
poropolar approach to lesions of the upper basilar artery and
infrachiasmatic region. J Neurosurg 81(2)230-235

86                                                                                                                                                                                                                     R.J. Galzio et al.



6.1 History

Walter E. Dandy pioneered the interhemispheric tran-
scallosal routes to the lateral ventricles. He described,
in 1921, the posterior transcallosal approach with di-
vision of the splenium for removal of pineal tumors,
and followed this by reporting a series of third ventri-
cle tumors in 1933 [1]. Busch performed the first in-
terforniceal approach in 1944 for a malignant glioma
[2]. Kempe and Blaylock reported their series of para-
trigonal lesions approached through a posterior tran-
scallosal approach in 1976 [3]. Three years later
Hirsch et al. proposed coagulating the thalamostriate
vein to enlarge the paraforniceal approach with a sub-
choroidal route [4]. In 1996, Yasargil emphasized the
importance of preserving the posterior half of the cor-
pus callosum and proposed a transprecuneus approach
for trigonal lesions [5]. In 1998, Wen et al. presented
an anatomical study of the choroidal fissure and of the
supra- and subchoroidal surgical routes [6]. In 2001
Rosenfeld et al. reported a limited anterior forniceal
splitting technique for the cure of hypothalamic
hamartomas [7].

6.2 Introduction

Transcallosal approaches allow access to the deep in-
ternal structures without violating the gray matter at the

cost of a small callosotomy [1, 3, 5, 8–13]. They permit
an optimal exposure of the lateral ventricles (excluding
the temporal horn), the roof of the third ventricle, and
the pineal region. The following are the main possible
alternatives when a callosotomy is planned (Fig.�6.1,
top row):
1. Frontal paramedian craniotomy with anterior me-

dian/paramedian callosotomy
2. Posterior frontal paramedian craniotomy with mid-

dle median/paramedian callosotomy
3. Parietooccipital paramedian craniotomy with poste-

rior callosotomy and with division of the splenium
4. Parietooccipital paramedian craniotomy with a para-

callosal–transprecuneal route
The transcallosal approach is also used as first step

when a superior access to the third ventricle is required
[1, 2, 4–8, 13–16].

The second step is represented by one of the follow-
ing routes chosen on the basis of the location/nature of
the lesion (Fig.�6.1, bottom row):
• Anterior midline callosotomy: anterior/standard in-

terforniceal route
• Middle midline callosotomy: standard interforniceal

route
• Anterior paramedian callosotomy: paraforniceal/

subsuprachoroidal routes
• Middle paramedian callosotomy: supra-/subchoroidal

routes
Exposure and control of the third and lateral ventri-

cles may be achieved via transcortical (middle frontal
gyrus, superior parietal lobule, transtemporal, transoc-
cipital), transbasal (subfrontal translamina terminalis,
transsylvian, supracerebellar sub-/transtentorial, sub-
occipital supra-/transtentorial) and endoscopic routes
[3, 5, 9, 10, 11, 13, 14, 16, 17].
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A multitude of pathological processes may develop
primarily or secondarily from and into the ventricles
(Tables�6.1 and 6.2) [1, 5, 8, 13, 15]. They are often
harbored within the body of the lateral ventricles, the
frontal horn, the roof of the third ventricle or, less fre-
quently, the trigone, the lateral walls of the third ven-
tricles, and the occipital or temporal horns.

Transcallosal approaches are required if the transcor-
tical alternative implies an excessive corticotomy or a
long route through the white matter and if the transbasal
approaches fail to obtain an optimal exposure/control of
the lesion [3, 5, 9–11, 13, 14, 16, 17]. Some specific tu-
mors are preferably reached through the corpus callo-
sum: ependymomas, subependymomas, intraventricular
meningiomas, colloid cysts, hypothalamic hamartomas,
cavernomas, and intraventricular metastases [9, 13, 16].
Subcortical lesions, such as neuroectodermal tumors,
are best managed via transcortical access because of
their infiltrative nature [16].

Conditions requiring direct decompression of optic
structures, extraaxial lesions originating at the skull
base with secondary extension into the floor of the third
ventricle, such as meningiomas, craniopharyngiomas,
or pituitary adenomas, may also be best accessed by
transbasal approaches [13, 16]. Giant intrinsic cranio-
pharyngiomas, central neurocytomas, teratomas, dis-
germinomas and many other lesions require a discus-
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Fig. 6.1 Illustrations of the anterior (a),
middle (b) and posterior (c) transcallosal
approaches; the paracallosal route (c) is
also depicted. The green cones represent
the exposure of the ventricles possible
with each callosotomy; the yellow cones
represent the further exposures gained
with additional steps (forniceal and
choroidal approaches)

Table 6.1 Most common intraventricular tumors,
their preferred location and frequency according to our series

Tumor Preferred location Frequency (%)

Meningioma Lateral ventricle 32.50
Neurocytoma Foramen of Monro 20.70
Ganglioglioma Temporal horn 17.50
Oligodendroglioma Frontal temporal horns 12.50
Astrocytoma Middle cell 12.50
Cavernoma Thalamus 12.50

Table 6.2 Less common intraventricular tumors and their
preferred location

Lesion Preferred location

Colloid cyst Anterior roof of the third ventricle
Craniopharyngioma Floor of the third ventricle
Ependymoma Middle cell
Epidermoid/dermoid Floor of the third ventricle
Fibrillary astrocytoma Thalamus
Germinoma Pineal region
Glioblastoma multiforme Thalamus
Hypothalamic hamartoma Lateral anterior third ventricle
Lymphoma Periventricular
Mixed tumor Secondary extension
Neurocysticercosis Trigone
Papilloma Lateral ventricle
Pinealoma Pineal region
Primitive neuroectodermal Secondary extension
tumor
Subependymoma Lateral ventricle
Subependymal giant cell Lateral ventricle
astrocytoma
Subependymoma Middle cell/trigone

a b c



sion of the most appropriate approach on the bases of
the following factors:
• Location.
• Presumed diagnosis.
• Advantages/disadvantages of the specific approach.
• Concomitant hydrocephalus (transcortical routes

may be feasible if the nervous tissue thickness is re-
duced to 3�cm or less).

• Clinical condition of the patient (thorough neuropsy-
chological assessment to establish baseline func-
tional data; Table�6.3).

6.3 Surgical Technique

Both neuronavigation and endoscopy are very useful in
assisting the surgeon in all the approaches [18]. Neu-
ronavigation allows a precise planning of all the steps:
craniotomy, surgical routes, location of structures and
of the lesion. Pure endoscopy and endoscopically as-
sisted surgery make it possible to reduce invasiveness
of the approach as the endoscope provides outstanding
visualization and magnification of the inner structures.

6.3.1 Anterior Transcallosal Approach

The patient is positioned supine with the head in a neu-
tral pin fixation and flexed at 15°. Some authors prefer
a lateral position with the sagittal plane of the head par-
allel to the floor and the side of the craniotomy down-
ward [18]. This way, a natural retraction of the homo-
lateral hemisphere and a greater horizontal working
angle can be obtained. Nevertheless, the anatomy may

be less familiar and the midline distorted by gravity.
Moreover, exposure of the contralateral ventricle and
of the contralateral third ventricle wall could be diffi-
cult due to natural prolapse of the septum pellucidum
into the surgical field. Other minor issues of this posi-
tion are the extra setup time and the possibility of axil-
lary neuropathy from prolonged surgery/inadequate
padding. Standing slightly to one side of the patient al-
lows the same horizontal working angles.

When a temporary external ventricular drainage has
been placed preoperatively to resolve an acute hydro-
cephalus, the shunt allows relaxation of the brain dur-
ing the initial steps of the approach. Nonetheless, the
drainage could cause collapse of ventricular chambers,
thus making deeper exploration more difficult. The
drainage should therefore be closed about 18�hours
prior surgery, clinical conditions permitting; wider ven-
tricular chambers will be available.

The skin incision is L-shaped with the vertical part
along the midline and with the base posterior to the
coronal suture. If the patient is bald, a bicoronal (not
basal) incision is the best option. Craniotomy is gener-
ally performed above the nondominant hemisphere.
This is also the best choice for contralateral lesions, be-
cause the transcallosal routes offer good visualization
of both the lateral ventricles. Incising the falx could be
necessary for very lateral contralateral lesions. This al-
lows a good cone of vision without the need to further
retract the cerebral cortex. The craniotomy has dimen-
sions of 6×4�cm, oversteps the midline and has a poste-
rior limit 1�cm anterior to the coronal suture (Fig.�6.2a).
The dura mater is opened in a semicircular fashion with
the base along the superior longitudinal sinus
(Fig.�6.2b). Complete exposure of the superior longitu-
dinal sinus entails maximization of the dural opening
and the need for minor cortical retraction. Long cotton
sponges are placed between the reflected dura and the
sinus to avoid strangulation of the sinus and consequent
thrombosis. Attention must be paid to any veins which
enter the dura before merging into the sinus. In these
cases, the dura mater should be opened respecting these
vessels with the consequence that the surgical field is
reduced or compartmentalized. To avoid this situation
it is of the utmost importance to determine the position
of the parasagittal veins by venous MR angiography.
The position, the size and even the side of the cran-
iotomy may be modified on the basis of an unfavorable
venous anatomy. Generally, 70% of the venous tributar-
ies enter the sagittal sinus within the sector 2�cm poste-
rior to the coronal suture [16]. Cotton sponges wrapped
in latex (cut from surgical gloves) are employed to

6 Trancallosal Approaches to Intraventricular Tumors 89

Table 6.3 Neuropsychological assessment tests (they take
about one and a half hours)

Test Target

London tower test Planning
Mini mental test General assessment

of cognitive status
Phonemic verbal fluency test Verbal skills
Raven progressive matrices Nonverbal reasoning
Rev test Memory (short- and long-term)
Stroop test Attention
Trail making test Visuospatial competence

and attention
Wisconsin card sorting test Abstract thinking
Zung scale (self-rating) Mood
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maintain the hemisphere retracted by 3 or 4�cm. This al-
lows the optimal cone of vision and working angles.

The gyrus of the cingulum may occasionally be mis-
matched with the corpus callosum: the right and left
gyri can be adherent, resembling a continuous structure
(Figs.�6.2c and�6.8a, b). The callosomarginal arteries
pass in the cingulate sulcus while the pericallosal arter-
ies run above the corpus callosum. They are good
anatomical landmarks although they may sometimes lie
on the same plane (pericallosal more superficial than
expected) and can vary in number. The gray matter of
the cingulum surrounded by the pia mater, however,
differs sufficiently from the relatively hypovascular and
pale white corpus callosum to permit a safe distinction
(Fig.�6.2d).

Once the corpus callosum has been exposed, the
midline is indicated by its longitudinal raphe which is
bordered by two protrusions: the medial longitudinal
striae or nerves of Lancisi (Fig.�6.3c). These represent
the efference of a thin gray layer which coats the corpus
callosum: the induseum griseum. Together they form
the dorsal hippocampus whose function is unknown: it

may be a rudimentary evolutionary remnant; however,
it seems to be widely interconnected with the ventral
hippocampus [19].

A 1-cm (maximum 2-cm) longitudinal callosotomy
is adequate for accessing the lateral and third ventricles
(Figs.�6.2e and 6.8c). This limited opening does not
generally imply postoperative neuropsychological se-
quelae (see section 6.6 Limits and Disadvantages of the
Transcallosal Approach). The exact position of the in-
cision should be planned carefully to obtain an optimal
exposure and control of the lesion. The anterior half of
the corpus callosum is the most appropriate site. The
rostrum and splenium should be preserved as they are
most often associated with neurological deficits [14,
16, 20]. The individual anatomical features or the
pathological distortions of the corpus callosum/septum
pellucidum/fornices complex should also be taken into
consideration to avoid damage to the fornices at the end
of the callosotomy. It is important to evaluate any ad-
herences of the upper forniceal surface to the corpus
callosum and their points of anterior and posterior in-
sertions by a preoperative MRI scan [21].
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Fig. 6.2 Right anterior transcallosal approach. a Site of craniotomy. b Dural opening. c Magnified view of the interhemispheric space
with the cingular cortex at the bottom of the surgical field. d Exposure of the corpus callosum with the anterior cerebral arteries lying
above it. e Anterior callosotomy (about 1 cm). e Cella media of the right lateral ventricle. f Opening of the septum pellucidum to
access the contralateral ventricle. g Opening of the septum pellucidum to access the contralateral ventricle. cc corpus callosum, cma
callosomarginal artery, ctrl vtrl contralateral ventricle, ChP choroid plexus, CN caudate nucleus, F falx, FrL frontal lobe, fx fornix,
GyC gyrus cinguli (cingulate gyrus), pa pericallosal artery, M foramen of Monro, SP^ septum pellucidum (cut), Th Thalamus

f g
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A strictly median callosotomy between the two
nerves of Lancisi provides access to the cavum septi
pellucidi when an interforniceal approach to the third
ventricles is planned or in case bilateral control of the
lateral ventricles is anticipated. Otherwise, a parame-
dian callosotomy allows direct access to the lateral
ventricle at the acceptable cost of limited damage to
the induseum griseum (not of its efferent system). Lat-
eralization of the incision can be planned on the basis
of the lateral extension of the cavum septi pellucidi.
The margins of the callosotomy must be bloodless to
avoid postoperative intraventricular hemorrhage.

If the chamber below the corpus callosum is bor-
dered by smooth, vertical walls and no choroidal struc-
ture can be identified, then we have entered the cavum
septi pellucidi. The pressure from the lateral ventricles
results in these walls loosely sticking together, and the
midline may be distorted if this pressure acts asymmet-
rically on the septal laminae (Fig.�6.8d). Bilateral fen-
estration of the septum (not less than 1�cm2) allows ac-
cess to the lateral ventricles and exposure of the septum
pellucidum inserting on the body of the fornices.

If the lateral ventricles are directly accessed with a
paramedian callosotomy, several landmarks can be ob-
served (Fig.�6.2f): the septum pellucidum, the frontal
horn and the middle cell containing the choroid plexus,
the foramen of Monro, the thalamostriate veins, the an-
terior septal vein, the thalamus, and the caudate nu-
cleus. These structures are all covered with ependyma
(gray–black hue). Fenestration of the septum pellu-
cidum is necessary in this approach too, since it will
avoid a restriction of the surgical field due to its
bulging, trace the midline, and allow access to the con-
tralateral ventricle (Fig.� 6.2g). Exposure of the en-
doventricular structures offered by this approach is de-
picted in Fig.�6.1a in light green.

6.3.2 Middle Transcallosal Approach

Patient positioning and the shape of the scalp incision
are the same as in the anterior approach. The position
of the incision and the craniotomy are more posterior:
one-third anterior and two-thirds posterior to the coro-
nal suture (Fig.�6.3a).

The indications for a median or paramedian calloso-
tomy have already been discussed above (Fig.�6.3b–
d). The more posterior the paramedian callosotomy is,
the more lateral it should be (in terms of millimeters)
because the fornices begin to diverge and the corpus
callosum tends to be more adherent to these structures
(individual characteristics may be studied by a preop-
erative MRI scan, as already mentioned) [21].

This approach allows a complete view of the lateral
ventricles from the frontal horn to the anterior part of
the trigone and, medially, the epithalamus (Fig.�6.3e,
f). The foramen of Monro is not in the center of the
surgical field. Therefore, manipulation of the lesion
through this structure is not recommended. The expo-
sure gained via this approach is shown in Fig.�6.1b in
light green.

6.3.3 Posterior Transcallosal Approach

The patient is positioned prone with the head in neutral
pin fixation (Fig.�6.4a). Craniotomy is performed 4–
5�cm anteriorly to the torcular Herophili as the target is
the posterior portion of the middle cell (Fig.�6.4a). Ve-
nous MR angiography can be referred to as a guide in-
dicating the individual position of the craniotomy, as
discussed above. Once the dura is opened and reflected
toward the superior longitudinal sinus and the hemi-
sphere is retracted, the posterior half of the corpus cal-
losum with its splenium appears at the bottom of the
surgical field.

A paramedian incision of the corpus callosum is
only possible because on the midline it adheres to the
choroid plexus and to the roof of the third ventricle with
the psalterium fornicis and the fornices which, in turn,
diverge to reach the hippocampus. These two factors
make the ventricles noncontiguous at this level
(Fig.�6.4b). The posterior corpus callosum is rich in
valuable association fibers (see below), and the calloso-
tomy must not exceed 1�cm. As a consequence, this ap-
proach is suitable for lesions with exclusive extension
in the posterior third of the middle cella and in the
trigone (Fig.�6.1c, Fig.�6.4c).

6 Trancallosal Approaches to Intraventricular Tumors 93

Fig. 6.3 Right middle transcallosal approach. a Site of cran-
iotomy. b Exposure of the corpus callosum with the callosomar-
ginal arteries lying in the cingulate sulcus. c View of the middle
portion of the corpus callosum with the tiny gray layer of the in-
duseum griseum above it, the median rostrum, and the parame-
dian nerves of Lancisi. d Middle callosotomy (1 cm). e, f View
of the anterior half (e) and posterior half (f) of the exposed lat-
eral ventricle. asv anterior septal vein, cc corpus callosum, ChP
choroid plexus, cma callosomarginal artery, CN caudate nucleus,
cv caudate vein, F falx, fx fornix, FrH frontal horn, is-spln inner
surface of the splenium, LN Lancisi’s nerve, M foramen of
Monro, rcc raphe corpus callosum, schv superior choroid vein,
SP septum pellucidum, Tr trigone, tsv thalmostriate vein

�



6.3.4 Posterior Approach with Division
of the Splenium

A parietooccipital craniotomy is performed 1–2�cm an-
terior to the torcular Herophili (average area 4×5�cm;
Fig.�6.5a). The pineal region and the posterior third of
the roof of the third ventricle are the target of this ap-
proach. Once the dura has been opened and reflected
toward the superior sagittal sinus, the posterior part of
the cerebral falx and the upper tentorium are exposed
(Fig. 6.5b). The pineal vein, the Rosenthal veins, and
the internal occipital and cerebral veins merge into the
vein of Galen just anterior to the falcotentorial junction
(Fig. 6.5c). At this site, the arachnoid membrane anato-
my is complex: the quadrigeminal cistern contains the
vein of Galen and the pineal region, the ambient cistern

harbors the basal veins of Rosenthal, and the velum in-
terpositum is crossed by the internal cerebral cistern
(Fig.�6.5b,c). The splenium lies anterior to the venous
complex. These structures cover the pineal gland, the
epithalamus and the habenular commissure above
which the third ventricle can be accessed (Fig.�6.5d–f).
This entry is covered by the thela choroidea crossed by
the posteromedial choroidal artery and the internal
cerebral veins (Fig.�6.5g). Nevertheless, access to the
third ventricle is feasible via this entrance (Fig.�6.5h).

Division of the splenium is a high-risk maneuver be-
cause postoperative visuospatial impairment is com-
mon (Fig.�6.5d) [22]. Therefore, this approach should
be used for lesions that reduce the splenium to a thin
layer of white matter displacing anteriorly the inter-
hemispheric fibers.
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Fig. 6.4 Right posterior transcallosal approach. a Site of cran-
iotomy. b Paramedian callosotomy (about 1 cm) and access to
the trigone of the homolateral ventricle. c View of the trigone and
of the posterior part of the temporal horn. CC corpus callosum,
ChP choroid plexus, CN caudate nucleus, PL parietal lobe, schv
superior choroid vein, TH temporal horn, Tr trigone
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Fig. 6.5 (For legend see page 96)
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6.3.5 Posterior Paracallosal
Transprecuneal Approach

Once the posterior region of the corpus callosum has
been exposed via the aforementioned steps, a cortico-
tomy is performed at the inferior level of the precuneal
gyrus, anteriorly to the parietooccipital fissure
(Fig.�6.6a, b). This route should be above and anterior
to the optic pathways. The trigone is reached after a
short route inside the forceps major; the choroid plexus
is, once again, the most important anatomical landmark
(Fig.�6.6c). The temporal horn deepens at the lateral
margin of the surgical field, while the occipital horn de-
velops superiorly and superficially from the surgeon’s
perspective. The medial wall of the lateral ventricle and
the posterior roof of the third ventricle are exposed me-
dially; inferomedially lies the body of the lateral ven-
tricle (Fig.�6.6d).

The indications for this approach are limited to the
rare lesions that push on the medial wall of the atrium
or which involve both the epithalamus and the atrium.
Interruption of some fibers that join the cingulum from

the precuneus occurs during the corticotomy. These
fibers are involved in complex visuospatial networks
between the limbic system and the prefrontal cortex
[23, 24]. Even though iatrogenic impairment due to this
approach has not been reported, the route of access
should be parallel to these fibers in order to minimize
white matter disruption. The corticotomy and the
myelotomy should be performed from superior to infe-
rior and from posterior to anterior.

6.4 Approaches to the Third Ventricles

6.4.1 Paraforniceal Approach

The paraforniceal approach utilizes the natural commu-
nication between the third and lateral ventricles through
the foramen of Monro (therefore, it can also be called
the transforaminal approach) (Fig.�6.7a, b). It is useful
in lesions that impinge upon the foramen or in patients
in whom chronic hydrocephalus causes a dilatation of
the foramina. Surgical exposure is limited posteriorly
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Fig. 6.5 (cont.) Posterior callosal approach with division of the splenium. a Site of craniotomy. b View of the falcotentorial junction
above the pineal region and of the mesial aspect of the parietooccipital lobes. c The pineal region, the superior colliculi and the deep
venous system after dissection from the arachnoid membranes. d The internal cerebral veins and the posterior part of the third ventricle
after division of the splenium. e, f The pineal gland exposed displacing the veins laterally (e) and anteriorly (f). g View of the superior
colliculi and the pineal gland and of their relationships with the regional vessels. h Access to the third ventricle above the habenular
commissure. 3r third ventricle roof, 3v third ventricle, acalv anterior calcarine vein, arm arachnoid membrane, cc corpus callosum, F falx,
FTJ falcotentorial junction, ia interthalamic adhesion, icv internal cerebral vein, iov internal occipital vein, OL occipital lobe, PCA pos-
terior cerebral artery (third segment, P3), PG pineal gland, PL parietal lobe, pmcha posteromedial choroid artery, ppv posterior pericallosal
vein, Rv Rosenthal vein, SCV superior cerebellar vein, spln^ splenium (cut), sup c superior colliculus, T tentorium, vG vein of Galen
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by the interthalamic adhesion. Complete exposure (but
not surgical control) of the third ventricle is gained with
the assistance of an endoscope (Fig.�6.7c, d). If the fora-
men is too small to operate through, another approach
should be chosen.

Cutting the homolateral column of the fornix is com-
monly described when anterior enlargement of the fora-
men of Monro is essential. Removal of part of the an-

terior thalamic nucleus is generally suggested for pos-
terior enlargement of this foramen [14, 13, 16]. In the
latter case, because of the tight relationship of the thal-
amus with the internal cerebral vein and its tributaries.
these veins are at high risk of damage; in the former
case, permanent short-term memory impairment will
result if there is a preexisting nonfunctional contralat-
eral fornix.
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Fig. 6.6 Right paracallosal transprecuneal approach. a View of the falcotentorial junction, the pineal region and the mesial aspect
of the parietooccipital cortex. b A longitudinal corticotomy is carried out anteriorly to the parieto-occipital fissure, in the inferior
portion of the precuneus. c, d Inferolateral (c) and superomedial (d) views of the lateral ventricle accessed through its atrium.
3r third ventricle roof, acalv anterior calcarine vein, cc corpus callosum, ChP choroid plexus, cu cuneus (gyrus), fx fornix, OH oc-
cipital horn, pos parietooccipital sulcus, ppv posterior pericallosal vein, prcu precuneus (gyrus), schv superior choroid vein, spln
splenium, TH temporal horn, vG vein of Galen
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6.4.2 Interforniceal Approach

This approach is illustrated in Fig.�6.8. The septum pel-
lucidum is attached inferiorly to the dorsal aspect of the
fornices. There are two variations for the interforniceal
technique.

The standard approach involves dissection along the
midline and allows separation of the bodies of the for-

nices which are then retracted together with the under-
lying internal cerebral veins and posteromedial
choroidal arteries. The dissection is limited posteriorly
by the psalterium fornicis (about 2.5�cm posterior to the
foramen of Monro) [21]. As mentioned above, a short
septum pellucidum seen on the preoperative sagittal
plane MRI scan implies an adhesion between the for-
nices and the corpus callosum; this can further limit the
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Fig. 6.7 Right paraforniceal approach. a, b After identifying the anatomical landmarks of the right lateral ventricle (a), the third
ventricle is approached by dissecting the homolateral fornix from the thalamus (b). The space is limited anteriorly by the internal
cerebral vein which still separates the access from the foramen of Monro (b). c, d Endoscopic views of the most posterior (c) and
anterior (d) portions of the third ventricle visible with this approach. 3f third ventricle floor, aq aqueduct of Sylvius, cc corpus cal-
losum, ChP choroid plexus, chr chiasmatic recess, CN caudate nucleus, fx fornix, hc habenular commisure, ia interthalamic adhesion,
icv internal cerebral vein, lt lamina terminalis, lw3v lateral wall of the third ventricle, M foramen of Monro, rstcc rostrum of the
corpus callosum, Th thalamus
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Fig. 6.8 Interforniceal approach. a, b Following the technique
for the middle transcallosal approach, the corpus callosum is
reached. c A longitudinal median callosotomy (about 1 cm) is
made in order to access the cavum septi pellucidi. d, Then the
fornices are divaricated to access the choroid plexus (e) and the
third ventricle (f). aq aqueduct of Sylvius, cc corpus callosum,
ChP choroid plexus, cma callosomarginal artery, csp cavum septi
pellucidi, F falx, fx fornix, GyC gyrus cinguli (cingulate gyrus),
ia interthalamic adhesion, pa pericallosal artery, SP septum pel-
lucidum, Th thalamus
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Fig. 6.9 Suprachoroidal approach. a–c After an anterior or middle calloso-
tomy (a), the choroid plexus is divided from the homolateral fornix opening
the tenia fornicis (b) exposing the third ventricle (c). d View of the posterior
half of the third ventricle. 3v third ventricle, aq aqueduct of Sylvius, ChP
choroid plexus, fx fornix, hc habenular commisure, ia interthalamic adhe-
sion, icv internal cerebral vein, l-Chp left choroid plexus, l-Th left thalamus,
M foramen of Monro, pmcha posteromedial choroid artery, r-Th right thal-
amus, schv superior choroid vein, SP septum pellucidum, tf tenia fornicis,
Th thalamus, tsv thalmostriate vein
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dissection, thus contraindicating this approach. How-
ever, the interforniceal route offers a wider view of the
superior half of the third ventricle from its anterior wall
to the pineal recess and aqueduct of Sylvius with the
interthalamic adhesion in the center (Fig.�6.8f).

The anterior forniceal approach is a mini-invasive
alternative which entails a limited dissection between
the foramina of Monro and the anterior commissure
(where also some fibers from the fornices swap). This
variation translates the surgical field anteriorly [17].

6.4.3 Suprachoroidal Approach

This route passes between the fornix and choroid
plexus through the tenia fornicis. The internal cerebral
veins and posteromedial choroidal artery are gently
pushed laterally together with the choroid plexus
(Fig.�6.9a). This bends medially in proximity to the
foramen of Monro in a posterior direction along the
midline in a hairpin fashion, blocking surgical access
anteriorly and preventing the creation of a single trans-
foraminal–suprachoroidal corridor. The plexus itself
may be coagulated and divided, but the most intimate
arteriovenous relationships of the plexus are just at that
site (Fig.�6.9b). This route has been proposed as a low-
risk alternative to the subchoroidal approach, as the
veins are not stretched [6, 15]. On the other hand, the
whole third ventricle can be exposed with this ap-
proach while the visualization of its deepest portion is
blocked by the interthalamic adhesion; however, the
infundibular recess and the aqueduct of Sylvius are
visible (Fig.�6.9c, d).

6.4.4 Subchoroidal Approach

The tenia choroidea is used for this approach. The
choroid plexus is dislocated medially from the internal
cerebral vein and the posteromedial choroidal artery. In
this approach, the veins limit the surgical exposure, in
particular the thalamostriate vein which comes from the
dorsal aspect of the thalamus and adheres to the plexus
prior to merging into the internal cerebral vein
(Fig.�6.10a, b); the septal vein may also be stretched by
surgical maneuvers at this level (Fig.�6.10c).

It may be helpful to define the junction among these
veins preoperatively (venous MR angiography is ade-
quate). If this junction is very anterior, the surgical

route will suffice. If the junction is more posterior, a
transforaminal route with a small anterior subchoroidal
extension may be preferable. If there are multiple thal-
amostriate veins, the sacrifice of one of them seems
safe [6]. Whether the thalamostriate and the anterior
septal veins are dispensable remains controversial,– but
it seems that their unilateral sacrifice may be acceptable
because of profuse collateralization. We are very cau-
tious about this topic, because the consequences of their
interruption are unpredictable. Coagulation of the an-
terior septal and thalamostriate veins would allow a sin-
gle transforaminal–subchoroidal corridor which pro-
vides a similar amount of exposure as the supra-
choroidal route.

6.4.5 Removal of the Lesion

The lesion is generally debulked and then dissected pe-
ripherally [5, 8, 13, 14, 16]. Large cotton sponges must
be placed into the sloping portions of the surgical field
to avoid tumor particles and blood gravitating into the
ventricles [14, 16].

6.5 Advantages of the Transcallosal
Approach

Any transcallosal route can provide access to the lat-
eral ventricle sparing cerebral matter and minimizing
the risk of postoperative epilepsy and poroencephalic
cysts [5, 7, 8, 9, 11–17].

Transcortical routes require disruption of a large
amount of cortex and white matter, and maintenance
of the retraction may be difficult [9]. With regard to
the paracallosal approach, the transcortical route to the
lesion is through a not strictly well-expressed tissue
and it is often short as it is involved in lesions that de-
velop in the trigone and in the occipitomesial cortex
which is therefore already thin.

Other advantages of the transcortical routes include
short, straightforward and multiple trajectories to the
third ventricle, and wider flexibility of the cone of vi-
sion and of the working angles [5, 6, 7, 9, 13–16, 22].
Moreover, a bilateral exposure of the Monro foramina
and of the roof of the third ventricles is possible only
using these approaches; homolateral visualization of
the third ventricle is problematic with the transcortical
routes.
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Compared with the translamina terminalis sub-
frontal approach, less retraction and manipulation of
the anterior cerebral and anterior communicating ar-
teries are required [9]. Exposure through the lamina
terminalis permits only a limited view into the third
ventricular chamber and, consequently, limits the ex-
tent of possible resection compared with the transcal-

losal approach. The use of the transcortical approach
implies the risk of a specific neurological deficit ac-
cording to the site of the corticotomy. In our experi-
ence, the transcortical approach is burdened by a higher
incidence of motor deficits (+4.4%), speech disorders
(+15.4%) and visual deficits (7.8%). The safest routes
of access are through the superior parietal gyrus and
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Fig. 6.10 Subchoroidal approach. A usual
anterior or middle callosotomy is carried out.
a The septum pellucidum has been opened to
show the contralateral ventricle. b The
choroid plexus is attached to the fornix
through the tenia fornicis (cut in this speci-
men) and to the homolateral thalamus
through the tenia choroidea. c The third ven-
tricle is accessed opening the tenia choroidea
and displacing the choroid plexus medially;
note that the available corridor is narrowed
by the deep venous system. 3v third ventri-
cle, ChP choroid plexus, CN caudate nu-
cleus, CV caudate vein, fx fornix, ia interthal-
amic adhesion, l-ChP left choroid plexus, M
foramen of Monro, SP septum pellucidum,
tch tenia choroidea, Th thalamus, tsv thalmos-
triate vein

a

b
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the middle frontal gyrus, but these are not free from the
following risks:
• Superior parietal gyrus: apraxia, acalculia, damage

to the optic radiation, postoperative epilepsy
• Middle frontal gyrus: damage to the frontal ocular

field, postoperative epilepsy
After the use of a transcortical route, we have ob-

served personality change in 7.8% of patients (per-
ifrontal horn gliomas), memory impairment in 7.8%
(giant craniopharyngioma, temporal glioma), psychotic
deterioration in 3.9% (temporal horn mixed glioma),
and eating disorders in 3.9% (papillary glioneuronal
tumor of the third ventricle). In these patients we con-
sider that the tumor location and the surgical manipu-
lation of adjacent deep structures were responsible for
the mental disorders rather than the approach itself.
Thus, we think that a transcallosal approach would not
have avoided these deficits in these patients.

6.6 Limits and Disadvantages of the
Transcallosal Approach

Transcallosal approaches are not suitable for lesions of
the temporal horn [5, 9, 13, 16]. A direct posterior cor-
ridor should be considered in lesions that are less than
1.5 cm in size and located primarily in the posterior part
of the ventricular chamber. Lesions that are primarily
basal with lateral extension, presenting a restricted or
narrow apex that deforms the middle and anterior
fornix, may require a combined basal (for lateral ac-
cess) and transcallosal midline approach.

The need of some degree of cortical retraction is
common to the transcortical, transcallosal and even
transbasal approaches. The real problem concerns the
parasagittal veins, since their closure leads to unpre-
dictable results ranging from absence of symptoms to
cortical and subcortical deficits, seizures and, eventu-
ally, massive venous infarctions and death [1, 4, 5, 9,
11, 14, 22].

Postoperative neuropsychological deficits have been
described for callosotomies of the rostrum and of the
splenium. The most common disturbances are:
• Mnemonic and attentive deficits, confabulations (es-

pecially for damage to the anterior two-thirds of the
corpus callosum).

• Working, retrieval and associative memory (espe-
cially for damage to the rostrum).

• Hemilexia with/without agraphia, astereognosis,
motor incoordination (callosal ataxia), inability to

perform previously acquired complex motor
schemes (apraxia), acalculia, agnosia for calloso-
tomies of the posterior half.

• Hemiparesis (most related to venous impairment).
• Akinetic mutism (most related to bilateral retraction

of the cingulate gyri).
The corpus callosum is made up of 300 million

axons, most of which serve homotopic interconnections
[20, 23]. Following the most recent topographical re-
view we can distinguish five regions from anterior to
posterior:
• Anterior half:

– Region 1 (one-sixth): prefrontal fibers
– Region 2 (one-third): premotor fibers

• Posterior half:
– Region 3 (one-sixth): motor fibers
– Region 4 (one-twelfth): primary sensory fibers
– Region 5 (one-quarter): parietal, temporal, occip-

ital fibers.
It is remarkable that fibers from the motor cortex

cross the corpus callosum more posteriorly with respect
to the traditional Witelson’s scheme. Region 5 is rich
in heterotopic fibers which interconnect different areas
of the parietotemporooccipital lobes. This may explain
why damaging the splenium often has clinical reper-
cussions.

It should also be noted that the literature on this topic
deals with epileptic patients and corpus callosum
gliomas in whom the callosotomies are complete or sig-
nificantly more extensive. Many reports belong to a pe-
riod when microsurgical instrumentation (microscope
and CUSA included) and techniques had not reached
the high level of our time. In fact, more recent series
show a marked reduction in these deficits [11]. More-
over, these deficits are temporary and the patients re-
cover fully after a couple of months. Actually, it is not
possible to predict the neuropsychological deficit entity
after callosotomy [11, 14, 16]. In general, callosotomies
of 1–2�cm hardly lead to permanent deficits, and young
people and children recover more easily than adults,
probably due to an intrinsically increased cerebral plas-
ticity. Homotopic and heterotopic fibers of the corpus
callosum are very useful but not essential for common
daily activities; lost networks may be compensated for
and recreated with specific rehabilitation techniques.

In conclusion, we consider unwarranted the fear of
performing such approaches in patients who require su-
perior interactions between left and right hemispheres
(such as artists and highly specialized professionals).
An overt worsening of manual performance and neu-
ropsychological functions is possible in the immediate
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of short-term memory fixation [16].
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7.1 Introduction

The subtemporal approach is historically known as the
standard approach for the treatment of tumoral, vas-
cular and inflammatory lesions of the middle cranial
fossa, the tentorium, the anterior and middle tentorial
incisura, the upper-third of the clivus and the petro-
clival region.

This approach had been recognized universally for
many years as the best way to treat basilar artery (BA)
apex, P1 and P2 posterior cerebral artery (PCA) and
superior cerebellar artery (SCA) aneurysms until the
introduction of the pterional approach in 1976 by
Yasargil et al. [1].

Continual advances in surgical anatomical studies
of the skull base in the last 15 years have led to the tech-
nical evolution of this approach, allowing its extension
towards adjacent areas and permitting the development
of extended subtemporal approaches, obtained by zy-
gomatic, orbital, temporal or frontotemporoorbital os-
teotomies and petrous apex resections. Knowledge of
the topographic anatomy of the cranial region, where
the varying surgical corridors described in this chapter
must be prepared, is as fundamental as continual prac-
tice by cadaver dissection.

For a more detailed anatomical study of the middle
cranial fossa, study of the anatomical works of Rhoton
is recommended [2].

The discussion in this chapter of the surgical tech-
niques of the subtemporal approach includes a section

describing the anterior subtemporal approach, which
can be used to expose the anterior portion of the middle
cranial fossa and the anterior and middle incisural space
lesions, a section describing the posterior subtemporal
approach, which is used to reach lesions of the posterior
portion of the middle cranial fossa and the middle in-
cisural space until the conjunction with its posterior
portion, corresponding to the ambient cistern, and sec-
tions describing variants of the extended subtemporal
approach that deal with specific pathologies, their topo-
graphic location and their extension from the middle
cranial fossa towards adjacent areas.

7.2 Surgical Pathology

7.2.1 Meningiomas

The standard subtemporal approach and its variations
are most frequently requested for sphenoidal wing
meningiomas, followed by Yasargil’s T1- and T2-type
tentorial tumors arising from the inner ring of the ten-
torium [3] (Fig.�7.1). The subtemporal approach can be
used for petroclival meningiomas that do not extend
below the upper clivus. For lesions extending above
and below the tentorium situated on the tentorial edge
or in the petroclival area, only those with a small in-
fratentorial component can be removed by the subtem-
poral approach.

Meningiomas originating from Meckel’s cave (MC)
are uncommon and account for approximately 0.5% of
all intracranial tumors and 1% of all intracranial menin-
giomas. Samii et al. [4] classified these tumors into four
distinct types according to extension and involvement
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of the surrounding structures of MC: type I includes tu-
mors mainly confined to MC; type II includes MC
meningiomas with major extension into the middle
fossa with or without extension to the cavernous sinus
(CS); type III includes MC meningiomas with major
extension into the cerebellopontine angle (CPA); and
type IV includes MC meningiomas with extension both
into the middle fossa and into the CP angle with or
without infiltration of the CS.

Meningiomas affecting MC may extend in different
directions and may therefore show distinct surgical
problems.

In the surgical decision-making process, the follow-
ing factors must be considered: (1) tumor mass exten-
sion into the neighboring structures, principally into the
CPA and middle fossa; (2) the presence of CS infiltra-
tion and carotid artery encasement; (3) typical images
of en plaque tumor growing; and (4) petrous apex ero-
sion and involvement of the petrous bone. Cranial
nerve (CN) impairment, especially of III, IV and VI
CNs, can provide additional information about tumor
invasion of the CS [4].

7.2.2 Schwannomas

Schwannomas arising from the intracranial portion of
the trigeminal nerve are rare, accounting for 0.07–0.33%
of intracranial tumors and 0.8–8% of intracranial
schwannomas [5]. These tumors may arise from the
trigeminal nerve root, the gasserian ganglion (GG), or
one of the three peripheral branches, indicating that
trigeminal schwannomas may grow into one, two, or all
three distinct compartments: the subdural (CPA), inter-
dural (lateral wall of the CS and MC) and epidural or
extracranial (orbit, pterygopalatine fossa and infratem-
poral fossa) spaces. These tumors are often seen extend-
ing into multiple cranial fossae: the posterior, middle
and infratemporal fossa and the orbit. Yoshida and
Kawase classified these tumors into three types in rela-
tion to the compartment involved: type M (14.8%) in-
cluding middle fossa tumors originating from the GG or
the peripheral branch at the lateral wall of the CS
(Fig.�7.2); type P (18.5%) including posterior fossa tu-
mors originating from the root of the trigeminal nerve;
and type E (3.7%) including tumors arising from the ex-
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Fig. 7.1 a, b Axial T1-weighted MR images after gadolinium injection show multiple meningiomas with a large right tentorial
meningioma in part extending into the lateral incisural space. c Same patient. Sagittal T1-weighted MR image after gadolinium in-
jection of the tentorial meningioma. In the frontal region a large frontal meningioma is evident. d–f Postoperative axial, sagittal and
coronal T1-weighted MR images after gadolinium injection show complete removal of the frontal and tentorial tumors. g Intraop-
erative photograph after tumor removal shows the preserved trochlear nerve; the integral nerve is lifted from the surface of the brain-
stem, against which it was previously compressed by the tumor. Histological diagnosis: atypical meningioma
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tracranial peripheral branches of the trigeminal nerve.
The only type E tumor in the series was located in the
infratemporal fossa, indicating that the origin of this
tumor was the third branch of the trigeminal nerve. The
remaining three complex types consist of tumors extend-
ing into multiple compartments: type MP (37%) include
dumbbell-shaped tumors located in both the posterior
and middle fossae (Fig.�7.3); type ME (18.5%) include
dumbbell-shaped tumors located in the middle fossa and
the extracranial space (the orbit, pterygopalatine fossa,
or infratemporal fossa); and type MPE (7.4%) include
tumors located in all three compartments, the posterior
and middle cranial fossae and the extracranial space (the
orbit, pterygopalatine fossa, or infratemporal fossa). In
the two MPE cases of the series, the tumor extended
along the second branch of the trigeminal nerve into the
pterygopalatine and infratemporal fossa (Fig.�7.4) [6].

Facial nerve schwannomas (FNSs) are uncommon
tumors arising from anywhere along the course of the
facial nerve, from the CPA to the neuromuscular junc-

tion; however, there is a predilection for the geniculate
ganglion. From the geniculate ganglion, a facial nerve
schwannoma may extend to involve the tympanic and/or
labyrinthine portion of the facial nerve. Uncommonly,
FNSs extend to involve the middle cranial fossa by
means of direct upward spread through the roof of the
temporal bone or anterior spread through the facial hia-
tus towards the greater superficial petrosal nerve
(GSPN) [7] (Fig.�7.5). In the series of Wiggins et al. the
involved portions of the facial nerve included the fol-
lowing seven segments: cerebellopontine angle and in-
ternal auditory canal (50%), labyrinthine (54%), genic-
ulate fossa (83%), GSPN (25%), tympanic (54%), and
mastoid (33%) [8]. Lesions arising from the geniculate
ganglion can have a “bulbous” enlargement at the genic-
ulate fossa. FNSs emanating from the GSPN scallop the
anterior margin of the geniculate fossa and the adjacent
bony petrous apex. Schwannomas of the oculomotor
nerve and trochlear nerve are very uncommon especially
when not associated with neurofibromatosis (Fig.�7.6).
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Fig. 7.2 a, b Axial and coronal T1-
weighted MR images after gadolinium
injection show an apparently benign
tumor of the medial portion of the middle
cranial fossa extending in part into the
cavernous sinus. c, d Postoperative T1-
weighted MR images after gadolinium
injection confirm complete tumor re-
moval through the subtemporal inter-
dural approach. Histological diagnosis:
schwannoma Antoni type A
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Fig. 7.3 a Preoperative CT scan shows an apparently benign tumor in the medial portion of the right middle cranial fossa. The
erosion of the right petrous apex is suggestive of a trigeminal neurinoma. b Axial T1-weighted MR image after gadolinium injection
shows the tumor slightly extending from the middle cranial fossa into the posterior cranial fossa and the lateral surface of the pons.
c Coronal T1-weighted MR image after gadolinium injection shows partial involvement of the right cavernous sinus. d, e Postoper-
ative axial and coronal T1-weighted MR images after gadolinium injection show complete tumor removal through the subtemporal
interdural approach. Histological diagnosis: schwannoma Antoni type A

Fig. 7.4 Drawing showing developmen-
tal patterns of trigeminal nerve schwan-
nomas. Type M: middle fossa tumors
originating from the GG or the peripheral
branch at the lateral wall of the CS; Type
P: posterior fossa tumors originating from
the root of the trigeminal nerve; Type E:
extracranial tumors in the epidural space
(E1 in the orbit and E2 in the pterygopala-
tine fossa and infratemporal fossa)
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Trochlear nerve schwannomas were classified by
Celli et al. [9] into three groups according to the classi-
fication of Jefferson [10] for the trigeminal variety: cis-
ternal, cisternocavernous, and cavernous. Trochlear
nerve schwannomas almost always occur in the cisternal
position (88%) and less frequently in the cisternocav-
ernous (8%) and cavernous positions (4%). Almost all
schwannomas originating from the trochlear nerve oc-
cupy the ambient cistern, ventrolateral to the mesen-
cephalon and pons. These tumors are usually located
just beneath the tentorium edge, partially adhering to the
tentorium and compressing the midbrain medially. The
trochlear nerve is usually identified in the posterior or
posteroinferior aspect of the tumor. Only 33 cases of
oculomotor nerve neurinomas have been published in
the literature: 44% of these are cisternal, 39% involve
the CS and 17% extend from the CS to the cistern [11].

7.2.3 Cavernous Sinus Pathology

Several pathological entities involve the CS. Some arise
as intrinsic CS pathologies and others spread into the
sinus from adjacent areas. Lesions of the CS can be clas-
sified into benign and malignant [12]. The benign le-
sions involving the CS include neoplastic lesions such
as meningiomas, trigeminal and abducens schwanno-
mas, pituitary adenomas and granular cell tumors [13–

16]. The nonneoplastic benign lesions include vascular
lesions such as intracavernous carotid artery aneurysms,
cavernous malformations and carotid cavernous fistulas
[17–19]. Other benign processes involving the CS in-
clude cholesterol granuloma and inflammatory diseases
[16, 20]. These last lesions can include infectious in-
flammatory processes, such as CS thrombophlebitis and
mycotic infections and noninfectious inflammatory
processes such as Tolosa-Hunt syndrome, inflammatory
pseudotumors and giant cell granulomas [21]. Malig-
nant lesions involving the CS mostly spread to the CS
from adjacent compartments. Adenoid cystic carcino-
mas are notorious in spreading along CNs to the CS re-
gion. Chordomas can involve the region of the CS aris-
ing from adjacent notochord remnants. Malignancies of
the paranasal sinuses can also spread into the CS.

7.2.4 Pituitary Adenomas

Pituitary adenomas represent a significant proportion
(up to 13%) of all intracranial tumors.

A subgroup of pituitary adenomas (5–10%) invade
the lateral parasellar structures and the CS and pose ob-
vious problems for the surgical strategy, since
transsphenoidal removal of these adenomas can be in-
complete [22]. Goel et al., reporting on a series of 118
cases of giant pituitary adenomas, introduced a classi-
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Fig. 7.5 a, b Sagittal and coronal T1-
weighted MR images after gadolinium
injection show a likely benign tumor aris-
ing from the skull base at the level of the
tegmen timpani. c, d Postoperative axial
and coronal T1-weighted MR images
after gadolinium injection. Histological
diagnosis: schwannoma Antoni type A
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fication that includes four grades of giant pituitary ade-
noma: grade I in which the tumors are confined under
the diaphragma sellae; grade II in which there is evi-

dence of encroachment into the CS; grade III in which
the superior wall of the CS is elevated and there is ex-
tension of this elevation into the surrounding structures;
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Fig. 7.6 a, b Axial T1-weighted and coronal T2-weighted MR images show a tumor occupying the right mesial temporal region and
extending into the crural cistern in front of the brainstem. c–e Axial T1-weighted MR images after gadolinium injection of three dif-
ferent layers show the tumor extending from the tentorial incisura to the supraclinoid region; on the superior tumor pole a cystic
component may be seen. The tight relationship with the supraclinoid ICA and its bifurcation is also evident. f Selective right carotid
angiogram shows the pulling and uncoiling of the ICA and its branches caused by the underlying tumor. g Postoperative axial T1-
weighted MR image after gadolinium injection shows complete tumor extirpation. h Intraoperative photograph; pretemporal approach.
In the operative field the tumor (T), right optic nerve (ON) and right supraclinoid ICA are evident. i Intraoperative photograph of the
surgical field at the end of the operation shows the carotid bifurcation (CB) and basilar artery (BA) quadrifurcation after complete
tumor resection. The asterisk indicates the residual portion of cranial nerve III because its anterior portion was completely substituted
by the tumor. Histological diagnosis: schwannoma Antoni type A
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and grade IV in which all of the surrounding structures
are breached and there is invasion into the subarachnoid
space with encasement of arterial structures [23].

Giant aneurysms projecting into the sellar region
and with extension into the CS and medial portion of
the middle cranial fossa can mimic a giant pituitary
tumor (Fig.�7.7), since they have similar clinical, en-
docrinological and neurological symptoms.

An aneurysm extending into the sellar region with
chiasmal compression was found as early as 1889 by
Mitchell and in 1912 by Cushing [24]. Raymond
found that 1.4% to 5% of all intracranial aneurysms
referred to neurosurgeons projected into the sella [25];
these can account for up to 10% of the lesions causing
parasellar syndrome. On the other hand, there is a co-
existing aneurysm in 6.7% of pituitary adenomas. This
is of particular interest since the differential diagnosis
from pituitary tumors may be difficult.

7.2.5 Chordomas and Chondrosarcomas

Chordomas are malignant tumors arising from the rem-
nants of the notochord, originating from the sphenooc-

cipital synchondrosis and then the midline; however, lat-
eral extension is not uncommon. Chordomas can extend
from the clivus to the CS, sphenoid sinus, ethmoid
sinus, sella turcica, suprasellar cistern, orbits, nasophar-
ynx, infratemporal fossa, parapharyngeal space, hy-
poglossal canals, jugular foramen and prevertebral
space. The parasellar region is most frequently involved
(23–60%), followed by the prepontine (36–48%) and
the nasopharyngeal (10–25%) regions. Meyer et al.
found extension into the middle cranial fossa in 32.1%
of cases [26]. Chordomas of the petrous apex region
have also been reported in the literature and in one series
the petrous apex was involved in 15% of cases [27].

Chondrosarcomas develop mainly in the bones of
the skull base and temporal bone because they mature
predominantly by endochondral ossification. The areas
of petrooccipital, sphenooccipital and sphenopetrosal
synchondrosis, as well as a large part of the petrous por-
tion of the temporal bone, are sites in the mature skull
that have undergone endochondral development. Kve-
ton et al. reported that chondrosarcomas accounted for
6% of all skull-base lesions [28]. The most common
skull-base sites vary among studies, with common sites
of involvement including the temporooccipital junction
and the middle cranial fossa.
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Fig. 7.7 a Sagittal T1-weighted MR
image after gadolinium injection shows
a giant intrasellar aneurysm extending
into the suprasellar region in great part
thrombosed. b, c Axial and coronal T1-
weighted MR images after gadolinium
injection show extension into the left
parasellar region as well. d Selective in-
ternal carotid angiography confirms the
diagnosis of a giant aneurysm of the in-
tracavernous portion of the ICA
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7.2.6 Inflammatory Lesions

Regarding inflammatory lesions, cholesterol granulo-
mas represent the foreign-body giant cell reaction to
cholesterol with associated fibrosis, vascular prolifera-
tion, hemosiderin-laden macrophages, and round cells.
They can be found throughout the temporal bone and
are usually seen in conjunction with serous otitis media,
chronic otitis media, with or without cholesteatoma,
seen in prior otological surgery or local trauma. Past
terms for these lesions have included epidermoid cyst,
which is an improper term since there is no squamous
or epithelial lining, mucosal cyst, and giant cholesterol
cyst. They were first reported in the mastoid and middle
ear in the later part of the 19th century, but petrous apex
cholesterol granuloma (Fig.�7.8) was not recognized as
a distinct entity until the late 1980s. Giant cell reparative
granuloma (GCRG) is a reactive inflammatory process
related to trauma and intraosseous hemorrhages. GCRG
and giant cell tumor (GCT) are two of the many bone
lesions containing giant cells. GCRG has frequently
been misdiagnosed as GCT. GCT is a neoplastic process

with the potential to metastasize even though it is histo-
logically benign. GCRG arises from the periosteal con-
nective tissue, whereas GCT originates in the connective
tissue of the bone marrow. The senior author (P.C.) re-
ported in 1990 a GCRG mimicking an intracranial
tumor in the middle cranial fossa. The tumor presented
as a large extradural mass starting from the sphenoid
bone (great wing) and occupying the middle cranial
fossa, displacing the right temporal lobe upward [29].

Petrous apex cholesteatomas are congenital or ac-
quired. The congenital cholesteatomas are thought to
arise from a squamous epithelial rest, found in the nor-
mal pneumatized bone, and acquired cholesteatoma is
caused by hypoventilation of the middle ear with result-
ant retraction of the tympanic membrane. Deep penetra-
tion into the petrous apex is relatively rare, but can occur
through a variety of routes, usually the supralabyrinthine
or subcochlear route. Both forms usually involve the an-
terior portion of the petrous apex. Pathologically, con-
genital and acquired cholesteatomas are identical. They
are keratin-filled, epithelial-lined cysts that demonstrate
linear growth patterns characteristic of ordinary skin.
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Fig. 7.8 a Axial T2-weighted MR image
shows an osteolytic area involving the
petrous apex and superolateral left clivus.
b Axial T1-weighted MR image after
gadolinium injection shows inhomoge-
neous enhancement in the same area. The
patient was submitted to a subtemporal
petrous apex resection and the was lesion
removed. c Postoperative CT scan con-
firms petrous apex resection. d Same ex-
amination with cisternography confirms
total tumor removal. Histological exam-
ination: cholesterol granuloma
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7.2.7 Aneurysms

Nearly 95% of saccular arterial aneurysms arise within
the anterior incisural space. The aneurysms arise from
the part of the circle of Willis located anterior to Lilieq-
uist’s membrane, from the internal carotid, middle cere-
bral artery and from the various segments of the ante-
rior cerebral artery. Aneurysms located behind
Liliequist’s membrane arise at the basilar apex in the
interpeduncular cistern (Fig.�7.9) and may be located
above or below the dorsum sellae or in the prepontine
cistern. The infrequent aneurysms arising in the middle
incisural space are usually located on the PCA at the
origin of its first major cortical branch or on the SCA
at its bifurcation into the rostral and caudal trunks.
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Fig. 7.9 a CT scan on admission shows a subarachnoid hemor-
rhage and a clot in the interpeduncular cistern, with initial ven-
tricular system dilatation. b Same patient. Vertebrobasilar an-
giogram shows a basilar apex aneurysm. The neck of the
aneurysm is on a level with the dorsum sellae base. c Same pa-
tient. Intraoperative photograph; frontotemporal craniotomy with
orbitozygomatic osteotomy; pretemporal approach. d Intraoper-
ative photograph shows the clipped aneurysm. e Postoperative
angiogram confirms closure of the aneurysm neck. An aneurysm,
BA basilar artery, DS dorsum sellae, PCA posterior cerebral artery,
RtON right oculomotor nerve, SCA superior cerebellar artery
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7.3 Anterior Subtemporal Approach

This approach was described by Sano in 1980 and
called the “temporopolar approach” [30]. It essentially
consists of a pterional approach with a more extensive
exposure of the temporal lobe. The temporal lobe is
pulled back, exposing the space between the oculomo-
tor nerve and the free edge of the tentorium, creating
an anterolateral view to the interpeduncular fossa (half-
way between the straight view obtained in the pterional
approach and the lateral view obtained in the subtem-
poral approach).

In the 1990s, de Oliveira et al. described this ap-
proach in detail with the term “pretemporal approach”
directed toward the interpeduncular fossa and the
petroclival region [31]. The rationale for the pretem-
poral approach is to combine into one approach the ad-
vantages offered in the above-mentioned approaches
(the pterional, temporopolar and subtemporal;
Fig.�7.10). The pretemporal approach offers the possi-
bility to enhance the angles of view of the interpedun-
cular region according to intraoperative needs, ranging
from the straight downward view of the pterional ap-
proach to the strictly lateral view of the subtemporal
approach. The pretemporal approach offers access to

the floor of the middle fossa and CS (parasellar and
middle fossa components) by retracting the temporal
lobe posteriorly (Fig.�7.10).

7.3.1 Indications

The anterior subtemporal approach is used for skull-
base lesions including extrinsic lesions, such as menin-
giomas of the middle fossa, tentorial meningiomas
(T1–T2 of Yasargil) [3], chondrosarcomas, chordomas,
craniopharyngiomas, neurinomas of the trigeminal
nerve and other lesions within MC.

Intra- and extradural temporopolar approaches have
also been reported as effective techniques for attempt-
ing to remove giant pituitary adenomas invading the
CS and parasellar region. However, complications are
relatively frequent and permanent sequelae are not neg-
ligible. Supra- and infratentorial lesions, such as tento-
rial and petroclival meningiomas and trigeminal nerve
schwannomas, can be removed with this approach if
the dominant component is supratentorial. In the oppo-
site case, the infratentorial approach must be used. If
the two components are of similar volume, a combined
supra-/infratentorial approach may be necessary.

An anatomical study was performed by Ulm et al.
comparing six approaches to the perimesencephalic
cisterns with emphasis on exposure of the PCA and its
branches. The PCA origin and the P1 and P2a were ex-
posed in all cases with this approach. In addition, the
authors were able to expose the origin and most of the
cisternal segment of the anterior choroidal artery [32].

7.3.2 Positioning

The positioning of the patient is basically the same as
for the pterional approach consisting of elevating the
head, contralateral rotation by approximately 20° and
extension of the neck, which depends on the aim of the
surgery. For the basilar apex, PCA (P2–P2a) aneurysms
and for lesions located in the ambient cistern we use a
30° extension (Fig.�7.11).

7.3.3 Skin Incision

The incision starts in front of the tragus, slightly lower
than for the pterional approach, and extends above the

116                                                                                                                                                                                            P. Ciappetta and P. I. D’Urso

Fig. 7.10 Illustration showing the different angles of sight ob-
tained with the pterional approach (red arrow transsylvian cor-
ridor), orbitozygomatic approach (blue arrow temporopolar cor-
ridor) and subtemporal approach (purple arrow subtemporal
corridor)



ear, making a gentle curve to arch toward the midline
behind the hairline (Fig.�7.11).

7.3.4 Interfascial Dissection

The interfascial dissection follows the same principles
as for the pterional approach; however, as for any sur-
gical approach aimed at exposing the entire extent of
the temporal pole, it is advisable to expose the entire
zygomatic bone and zygomatic arch during the cran-
iotomy. The zygomatic bone and its frontal process
constitute the lateral rim of the orbit, and the zygomatic
arch is the horizontal component that passes externally
to the temporalis muscle and is directed toward the ex-
ternal acoustic meatus.

A subfascial dissection of the temporalis muscle
aponeurosis avoids injury to the frontalis branch of the
facial nerve and facilitates closure. A small myofascial
cuff is left attached to the superior temporal line before
dissection of the temporalis muscle. The temporalis
muscle has to be detached from the entire zygomatic
bone and reflected over the horizontal portion of the
zygomatic arch. Posteriorly the temporalis muscle is
retracted until the posterior root of the zygomatic arch
is exposed.

7.3.5 Craniotomy

The standard burr holes used for the classic pterional
approach are made: one just lateral to the orbital rim in
the keyhole region, one posteroinferiorly in the temporal
squama, and the third just in front of the superior tem-
poral line in the frontal bone (Fig.�7.12a). In elderly pa-
tients, a fourth burr hole posterosuperiorly in the tem-
poral bone may allow better dural separation before the
craniotomy. The bone flap differs from the standard pte-
rional bone flap in that it extends more posteriorly and
inferiorly in the temporal region. After cutting the bone
flap with the craniotome, it can be fractured low at the
pterion. Removal of the anteroinferior portion of the
temporal squama down to the floor of the temporal fossa
anteriorly with rongeurs follows. With rongeurs and a
high-speed air drill, the pterion and lesser wing of the
sphenoid are thoroughly removed with particularly ag-
gressive removal of the posterior aspect of pterion and
part of the greater sphenoid wing to completely expose
the dura over the anterior aspect of the temporal pole. 

This procedure creates an unobstructed corridor
along the anterior aspect of the temporal pole (tem-
poropolar corridor) and another along the floor of the
middle fossa, under the temporal lobe (subtemporal
corridor) (Fig.� 7.10). The dura mater is opened as
shown in Fig.�7.12b and reflected over the edges of the
craniotomy. The pretemporal approach proceeds by
opening the basal cisterns to release cerebrospinal fluid
(CSF) and splitting the sylvian fissure. The lesion can
be inspected and approached initially through the pte-
rional corridor. If this is sufficient, there is no need to
proceed with the retraction of the temporal pole. If the
temporopolar corridor is necessary, the dissection pro-
ceeds with coagulation and sectioning of the superficial
sylvian veins draining toward the sphenoparietal sinus
and any veins draining the basal surface of the temporal
lobe toward the floor of the middle fossa. At this stage,
it is mandatory to separate the anteromedial surface of
the uncus from the oculomotor nerve, tentorial edge,
and brainstem by cutting the arachnoidal adhesions.
After releasing the anteromedial surface of the uncus,
the pole of the temporal lobe is lifted and pulled back-
ward, creating an unobstructed view of the interpedun-
cular fossa, ahead of the temporal pole (Fig.�7.13). 

Various authors have reported that the temporal lobe
withstands anterior to posterior retraction much better
than lateral to medial retraction. First the spatula is ad-
justed to the contour of the temporal pole, and is then
gently applied against the floor of the middle fossa. The
well-adjusted spatula along with the temporal pole is
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Fig. 7.11 Drawing showing the patient position, head fixation,
skin incision (red broken line) and possible craniotomy exten-
sions (blue solid lines)



lifted away from the floor of the middle fossa, then
pulled backward, creating the temporopolar corridor.
The surgical views offered by the temporopolar corri-
dor are shown in Fig.�7.13. At this stage, if the posterior
communicating artery (PComA) blocks access to the
interpeduncular region, as long as it is not of the fetal
type, it can be sectioned. Most of the perforators, in-
cluding the arteries perforating the anterior thalamus,
arise from the proximal half of the PComA. By section-
ing it proximal to the distal third, the blood flow to most
of the perforators can be preserved (Fig.�7.14). Divid-
ing the PComA allows greater maneuverability, espe-
cially when the it is short. This also moves its perforator
out of the surgical trajectory, as the main working field
is medial and lateral to the oculomotor nerve. The
PComA is cut in a perforator-free zone; this is close to
the junction of the PComA and the PCA in more than
80% of patients, as reported by Krayenbühl and Krisht.
In their experience, deciding whether it is safe to cut
the PComA is based on its relative size compared to the
P1 segment of the PCA. This decision was made irre-
spective of the actual size of the PComA itself. In pa-
tients with a fetal-type PComA the authors avoided its

resection [33]. The subtemporal route, as described by
Drake et al., can be used as well, depending on the in-
traoperative needs [34].

Oculomotor nerve palsy, although temporary in
most cases, is a problem for subtemporal and tem-
poropolar routes to the interpeduncular region, because
in these two approaches the third nerve stays in the cen-
ter of the surgical view, blocking access to the interpe-
duncular region. Whenever necessary, the space be-
tween the oculomotor nerve and the tentorial edge can
be enhanced by retracting the tentorial edge laterally
using sutures or even by cutting the tentorial edge. Be-
fore cutting the tentorial edge, it is essential to check
the location of the trochlear nerve. It can be located by
lifting the tentorial edge, where its entry site into the
tentorial edge can be easily seen. The tentorial edge is
then cut and coagulated laterally.

The pretemporal approach is a variation of the pte-
rional approach that combines the advantages of the
pterional, temporopolar, and subtemporal routes. The
anterior subtemporal or pretemporal approach is there-
fore one of the options to consider when dealing with
lesions located in the interpeduncular region, upper
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Fig. 7.12 Positioning and skin incision for the pretemporal approach. a The detachment begins at the angle between the zygomatic
bone and the zygomatic arch. After leaving a cuff over the superior temporal line, the temporalis muscle is reflected over the zygomatic
arch. Three burr holes are made: one just lateral to the orbital rim in the keyhole region, one posteroinferiorly in the temporal squama,
and the third just in front of the superior temporal line in the frontal bone. In elderly patients, a fourth burr hole (not shown) postero-
superiorly in the temporal bone may allow better dural separation before the craniotomy. b After bone flap removal, the roof of the
orbit and the wings of the sphenoid are extensively drilled out
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Fig. 7.13 a Intraoperative photograph shows good exposure of
the left tentorial anterior and middle incisura obtained through
the pretemporal and subtemporal corridors. In this patient the
basilar apex is well above the superior margin of the dorsum sel-
lae. b Same patient. A more lateral exposure showing the pon-
tomesencephalic junction surface and the neurovascular struc-
tures in the ambient cistern. c Intraoperative photograph of
another patient showing structures in the left lateral incisural
space from the subtemporal corridor. d Same patient. More lateral
view. e Same patient. More posterior exposure. The lifting of the
free edge of the tentorium shows the trochlear nerve entering the
tentorium. The junction between the P2a and P2p segments (P2a,
P2p) of the posterior cerebral artery is shown. ACA anterior cere-
bral artery, AChA anterior choroidal artery and tiny perforating
vessels, BA basilar artery, DS dorsum sellae, FET free edge of
tentorium, ICA internal carotid artery, LM Liliequist’s membrane,
LON left optic nerve, ON oculomotor nerve, OT optic tract, PCA
posterior cerebral artery, PComA posterior communicating artery,
PLChA posterolateral choroidal artery arising from the P2a–P2p
junction, PS pituitary stalk, RON right optic nerve, SCA superior
cerebellar artery, TN trochlear nerve in the arachnoidal covering
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petroclival region, middle fossa, sellar region, parasel-
lar region, and the anterior portion of the tentorial in-
cisura (Figs.�7.1 and 7.6).

In 1994, Day et al. described an extradural tem-
poropolar approach, called the anterolateral transcav-
ernous approach, which is more versatile in exposing
skull-base areas than the previous approach, but is
characterized by extensive bone removal and an ex-
tradural dissection minimizing retraction of the frontal
and temporal lobes. The advantages of this technique
include preservation of the anterior temporal venous
drainage, a wide operative field allowing the micro-
scope to be maneuvered through an arc of at least 90°
and minimal brain retraction (Fig.� 7.15). The main
highlights of this route are: (1) extradural removal of
the sphenoid wing and exposure of the superior orbital
fissure and foramen rotundum; (2) extradural removal

of the anterior clinoid process; (3) decompression of
the optical canal; (4) extradural retraction of the tem-
poral tip; (5) transcavernous mobilization of the
carotid artery and oculomotor nerve; and (6) removal
of the posterior clinoid process [35]. The fundamental
difference from the preceding approach consists of an
extensive dissection of the middle cranial fossa dura
mater, associated with extradural removal of the ante-
rior clinoid process. The dura is incised over the syl-
vian fissure, the incision is extended to the optic nerve
sheath dura, and an L-shaped incision is made by me-
dially extending the incision along the frontal base for
2–3�cm (Fig.�7.15).

In the approach Day et al., the transcavernous expo-
sure is extradural and lateral instead of extradural and
subdural, as described by Dolenc [36] and Yonekawa
et al. [37]. The dural fibrous ring of the internal carotid
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Fig. 7.15 Drawing showing an extra-
dural temporopolar approach: the dural
incision over the sylvian fissure with ex-
tension over the optic nerve sheath dura;
an L-shaped incision is made by medially
extending the incision along the frontal
base for 2–3�cm. GG gasserian ganglion,
ICA internal carotid artery, LON left optic
nerve, RON right optic nerve

Fig. 7.14 Three options for dividing the PComA: cut close to the P1/P2 junction a; cut in its middle segment b; cut close to its take-
off from the ICA c. BA basilar artery, ICA internal carotid artery
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artery (ICA) may be laterally opened to release it from
its dural attachment. Then, the frontal lobe is separated
medially and the temporal lobe posterolaterally in such
a way as to preserve the temporal veins.

7.4 Extension of the Pretemporal
Approach (Intra- and Extradural)
with Orbitozygomatic Osteotomies

The inclusion of additional osteotomies to the pretem-
poral approach has greatly improved surgical exposure.
Basal exposure of the middle cranial fossa also allows
treatment of lesions that arise from or extend to the ex-
tradural compartment of this region.

This approach can access the components of the
orbit, the CS, the infratemporal fossa, the petrous apex,
the intrapetrous ICA and the remainder of the middle
cranial fossa.

7.4.1 Positioning

The positioning is the same as for the previously de-
scribed approach.

7.4.2 Skin Incision

The scalp incision starts 1 to 2 cm below the zygomatic
arch, just in front of the tragus, and behind the superfi-
cial temporal artery, anatomically the artery is usually
located posterior to the frontalis branch of the facial
nerve. The incision proceeds behind the hairline in a
curvilinear fashion to the opposite side, to end at the
superior temporal line (Fig.�7.23a). In some cases, a bi-
coronal incision can also be used. The pericranium is
usually reflected anteriorly along with the scalp flap.

7.4.3 Interfascial Dissection

An interfascial flap is performed, taking care to extend
the inferior part of the incision in the superficial tem-
poral fascia toward the posterior root of the zygomatic
arch to preserve the frontalis branch of the facial nerve.
The external layer of the temporalis fascia, which is
contiguous with the external parotid fascia, is pushed

anteriorly with the aid of a periosteal elevator. After the
fascia is reflected anteriorly, the zygomatic process of
the temporal bone and the zygomatic bone with its
frontal and temporal process are well exposed.

7.4.4 Craniotomy and Orbitozygomatic
Osteotomy

First, the zygomatic osteotomy is performed. The zy-
gomatic arch is cut in an oblique fashion, first posteri-
orly at its root and in front of the glenoid process, then
anteriorly at the junction of the arch and the zygomatic
bone. The zygomatic bone (malar eminence) is cut
obliquely anteriorly at the level of the zygomaticofacial
foramina (Fig.�7.23a). At this point, the temporalis mus-
cle is dissected from the temporal fossa and reflected
inferiorly with the zygomatic arch toward the infratem-
poral fossa. A pretemporal craniotomy is performed
flush with the floor of the middle fossa. The orbitozy-
gomatic osteotomy can also be obtained in one piece
containing the craniotomic flap and zygomalar bone.
The orbitozygomatic craniotomy provides unhindered
extradural exposure of the elements of the anterior and
middle cranial fossae. With the orbitozygomatic cran-
iotomy, the entire CS can be exposed through its lateral
wall by peeling off its outer dural layer. The dural tent
over the superior orbital fissure is incised and gently
peeled from the anterior portion of the lateral wall of
the CS. This maneuver exposes the oculomotor,
trochlear, and first and second divisions of the trigem-
inal nerve. The spaces between the divisions of the
trigeminal nerve can be used to gain access or follow
tumor extensions into the sphenoidal sinus and in-
fratemporal fossa.

For the extradural exposure of the remainder of the
trigeminal nerve and of the intrapetrous ICA, the dura
is peeled from the temporal bone to reach the foramen
spinosum and expose the middle meningeal artery,
which is coagulated and cut. The course of the GSPN
along the petrosphenoidal fissure can be well seen me-
dial to the middle meningeal artery and posterior to
V3. According to the pathology, the extradural expo-
sure can be started anteriorly and worked posteriorly
or vice versa. The intrapetrous carotid artery can be
exposed in the petrous bone coursing parallel and in-
ferior to the GSPN. At times, the intrapetrous carotid
lacks any bony covering at this location. To expose the
petrous apex, the dura is separated from the lateral wall
of the CS along the posterior border of V3. The petrous
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apex can be removed to improve exposure of the petro-
clival region.

7.5 Subtemporal Approach
in Trigeminal Neurinomas

7.5.1 General Considerations

Trigeminal nerve root schwannoma (TNRS) is the
parasellar tumoral lesion with the most varied sites and
extensions (Fig.�7.3). These tumors may arise from the
trigeminal nerve root, the GG, or one of the three pe-
ripheral branches, indicating that TNRS may grow into
one, two, or all three distinct compartments: the sub-
dural (CPA), interdural (lateral wall of the CS and MC),
and epidural or extracranial (orbit, pterygopalatine
fossa, and infratemporal fossa) spaces.

The exact location and extension pattern of TNRS,
which are often seen extending into multiple cranial
fossae, are: the posterior fossa, the middle fossa, the in-
fratemporal fossa and the orbit. Neuroimaging tech-
nologies, including magnetic resonance imaging, pro-
vide information on the precise anatomy of the
trigeminal nerve and its surrounding structures and the
preoperative diagnosis of the extension pattern, essen-
tial for the complete and safe removal of TNRS.

Yoshida and Kawase classified the trigeminal neuri-
nomas of his series into three basic types (see section
Schwannomas, and Fig.�7.4). The authors considered
that extracranial regions should be divided into two sub-
groups on the basis of surgical strategy: the orbit and
the infratemporal and pterygopalatine fossae. Their se-
ries included three tumors involving the orbit, but did
not include any tumors localized only in the orbit. Two
tumors were dumbbell-shaped and extended into the
orbit from the middle fossa via the superior orbital fis-
sure and another was a dumbbell-shaped tumor extend-
ing from the middle fossa into the orbit via the ptery-
gopalatine fossa and the inferior orbital fissure along
the second division of the trigeminal nerve branch [6].

The anterior subtemporal interdural approach can be
used in tumors localized exclusively in the middle cra-
nial fossa, but can be extended toward the posterior cra-
nial fossa, with an anterior transpetrosal approach and
toward the orbit and infratemporal fossa with an or-
bitozygomatic and infratemporal approach, respec-
tively. When a posterior fossa tumor is large, the tento-
rium must be cut using the same anterior transpetrosal

technique. Thus, tumors involving the three fossae can
be totally removed by a single-stage operation per-
formed via a single trajectory.

7.5.2 Subtemporal Interdural Approach

The rationale for this intervention is based on the
anatomical observation that the dura mater of the CS
and the GG consists of two layers: an outer periosteal
layer and an inner meningeal layer, called the dura pro-
pria [38].

These two layers are tightly fused together, except
where they are separated to provide space for the dural
venous sinuses, venous plexi, and CNs that pass
through the parasellar region. The periosteal layer of
the dura remains tightly attached to the inner surface of
the cranium and is considered to be the internal perios-
teum of the cranial bone. The periosteal layer of the
dura is continuous with the outer periosteum, which
covers the external surface of the cranial bone through
the suture lines and nerve and vessel foramina. The
dura propria faces the brain surface covered by the
arachnoid. The dura propria and the arachnoid typically
follow CNs for varying distances as they leave the cra-
nial cavity (Fig.�7.15). The dura propria that follows
each CN becomes the epineurium, whereas the pia-
arachnoid continues as the perineurium that invests
each nerve fascicle.

The trigeminal nerve passes from the posterior fossa
over the trigeminal impression of the petrous apex be-
tween the periosteal and meningeal (dura propria) lay-
ers of the middle fossa dura, carrying with it the arach-
noid and dura propria from the posterior fossa. MC is
a cleft-like dural pocket that originates from the dura
propria of the posterior fossa, between the two layers
of the middle fossa dura. The contents of MC are the
sensory and motor roots of the trigeminal nerve, GG,
and the arachnoid layer (Fig.�7.16). The cleavage plane
between these two layers of dura propria continues dis-
tally as the cleavage plane between the epineural
sheaths of the trigeminal nerve divisions and the dura
propria of the middle fossa. This cleavage plane serves
as the anatomic basis for the interdural exposure of the
contents of MC (Fig.�7.16).

7.5.2.1 Surgical Technique

Positioning and craniotomy are the same as those de-
scribed for the anterior subtemporal approach. The zy-
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gomatic osteotomy is advised since it allows a more
tangential approach to the middle cranial fossa base.

7.5.2.2 Dura Elevation and Peeling of the
Meningeal Dura of the Middle Fossa

Youssef et al. believe the elevation of the dura of the
middle fossa floor in a posterior to anterior direction
protects the GSPN, which enters the middle fossa
epidural space through the facial hiatus [39]. The arcu-
ate eminence is identified. The middle meningeal artery
is cauterized and cut at the foramen spinosum. The
cleavage plane between the dura propria and the pe-
riosteal dura, which contains this artery, is identified
and developed by dissection. The dura propria layer is
peeled from the periosteal layer in an anterior direction
toward the foramen ovale. This cleavage plane contin-
ues as the plane between the dura propria of the middle
fossa and the epineural sheath of V3 at the foramen
ovale. The V2 division is exposed by incising the pe-
riosteal layer of dura that covers the anterior margin of
the foramen rotundum and by peeling the dura propria
of the middle fossa from the epineural sheath of the V2
division. Continued peeling of the dura propria super-
omedially toward the superior orbital fissure exposes
the V1 invested by its epineural sheath, which is con-
tinuous with the inner membranous layer of the CS lat-

eral wall. The dura propria is then progressively peeled
from the epineural sheath of each division of the
trigeminal nerve back toward MC. The periosteal layer
of the dura is cut along the posterior aspect of V3 and
MC. Peeling the dura propria of the middle fossa from
the dorsolateral wall of MC is stopped short of the
opening of the superior petrosal sinus (SPS), which lies
within the end of that cleavage plane.

7.5.3 Extension into the Posterior Cranial
Fossa with an Anterior
Transpetrosal Approach

“Dumbbell” trigeminal neurinomas usually consist of
two components: the body of the tumor in MC and a
posterior extension through the porous trigeminus into
the subarachnoid space of the posterior fossa.

The early stage of this approach consists of the sub-
temporal epidural approach. Following a temporal skin
incision, the temporal fascia is dissected from the tem-
poral muscle and reflected inferiorly. The pedicle of
the temporal fascia is used for closure of the dural de-
fect. The temporal muscle itself is reflected anteroin-
feriorly. After temporal craniotomy, the middle cranial
fossa is exposed epidurally to the anterior portion of
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Fig. 7.16 Illustration showing the ex-
tradural middle fossa view of a dumbbell-
shaped trigeminal schwannoma with ex-
posure of the petrous carotid artery, three
divisions and ganglion of the fifth cranial
nerve, and entry into the expanded
Meckel’s cave. GSPN greater superficial
petrosal nerve, ICA internal carotid artery,
MMA middle meningeal artery



the petrous edge and the lateral edges of the oval and
round foramina. The middle meningeal artery should
be coagulated and cut at the foramen spinosum, and
the superficial greater petrosal nerve should be sharply

detached, together with the periosteal dura from the
meningeal dura of the temporal base to avoid facial
nerve injury at the geniculate ganglion. Incising the
periosteal dura covering the superior orbital fissure and
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Fig. 7.17 a Craniotomy site. The temporal fascia is separated from the muscle. The craniotomy is extended under the zygomatic
arch and adjacent to the external auditory meatus. b Epidural view of the anterior pyramid. Intraosseous structures (auditory organs
and the carotid artery) have been drawn as a superimposed layer. The broken line shows the margin of bone resection. The SPS is
clipped. c In the removal of larger posterior fossa tumors, the SPS should be ligated and cut, and the tentorium should be incised to
obtain a wide operative field. d An anterior transpetrosal approach is indicated for basilar trunk aneurysms located between the level
of the pituitary floor and the internal carotid canal on a lateral angiogram, anterior inferior cerebellar artery aneurysms, and verte-
brobasilar junction aneurysms. A asterion, AICA anterior inferior cerebellar artery, BA basilar artery, C cochlea, CER cerebellum, M
mastoid, MC Meckel’s cave, MMA middle meningeal artery, PCA posterior cerebral artery, PV petrosal vein, SCA superior cerebellar
artery, SCs semicircular canals, SPS superior petrosal sinus, TEN tentorium, TFF temporal fascia flap, TM temporal muscle, TUM
tumor, V trigeminal nerve, VBJ vertebrobasilar junction, ZA zygomatic arch
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the round and oval foramina can expose a middle fossa
tumor, which is located in the interdural space. Such a
tumor is usually wrapped in trigeminal nerve fibers
that in most cases can be carefully dissected from the
tumor. The first stage in accessing posterior fossa tu-
mors is an anterior petrosectomy, which consists of
drilling the petrous apex medial to the superficial
greater petrosal nerve and anterior to the arcuate emi-
nence (Fig.�7.8c, d). Small posterior fossa tumors with
a diameter of less than 10�mm can be exposed and re-
moved by extension of the dural incision at the lateral
wall of MC toward the internal auditory meatus, with-
out tentorial incision. For removal of larger posterior
fossa tumors, the middle fossa dura should be incised,
the SPS should be ligated and cut, and the tentorium
should be incised to obtain a wide operative field
(Fig.�7.17a–c). Tumors in MC are usually wrapped in
the plexiform portion of the trigeminal nerve
(Fig.�7.16).

Posterior fossa tumors are sometimes cystic and soft,
and internal decompression allows total removal of large
tumors via this approach. The fourth and sixth CNs,
which are located inferiorly and medially to the tumor,
respectively, should be carefully preserved during re-
moval of a posterior fossa tumor. The dural defect around
the SPS can be repaired after removal of the tumor using
a pedicle of the temporal fascia and fibrin glue.

This approach has also been used in other nonneo-
plastic petrous apex lesions, described in the pathology
section (petrous apex cholesterol granulomas, chordo-
mas and chondrosarcomas).

7.5.4 Extension into the Infratemporal
Fossa

Following a temporal craniotomy combined with a zy-
gomatic or orbitozygomatic osteotomy, the lateral por-
tion of the middle cranial fossa is resected to expose
the tumor extending into the infratemporal fossa. In
cases in which the tumor extends into the orbit, the su-
perior and lateral wall of the orbit should be removed
following the orbitozygomatic osteotomy. The middle
fossa floor is resected until the enlarged oval or round
foramen adjacent to the tumor is opened. Tumors in the
extracranial space can be exposed by incision of the
membrane, which continues to the periosteal dura cov-
ering middle fossa tumors.

Using this epidural–interdural approach tumors ex-
tending into the extracranial space from the middle

fossa can be entirely removed without exposing the
temporal lobe or CNs other than the fifth CN. The sub-
dural space may be opened only when the posterior
margin of the tumor is removed from MC. Following
removal of the tumor, the dural defect at MC should
be repaired using a pedicle of the temporal fascia to
avoid CSF leakage.

7.5.5 Subtemporal Interdural Approach
in Other Skull-Base Tumors

The subtemporal interdural approach has also been de-
scribed in dumbbell-shaped chordomas of the skull base
[40]. These tumors, which usually occur in the axial
skeleton, may extend into the subdural space when they
originate from the skull base. The subtemporal inter-
dural approach with zygomatic osteotomy and anterior
petrosal approach may permit a one-stage removal of a
tumor located in two distinct compartments. The
parasellar component is in the CS, which is in the inter-
dural space between the meningeal dura and the pe-
riosteal dura. The CS tumor can be approached via the
pretemporal epidural approach. The zygomatic os-
teotomy added to this approach allows a wide operative
field especially in large parasellar tumors with upward
extension. The posterior fossa component is located be-
tween the pyramidal apex and the upper clivus (petro-
clival region) and the anterior transpetrosal approach is
one of the best methods to access this deep-seated area.

The surgical technique, in part, has been previously
described for trigeminal neurinomas.

The petrous apex and the lateral aspects of the su-
perior orbital fissure, foramen rotundum and foramen
ovale have been exposed. The petrous apex, which is
medial to the superficial greater petrosal nerve and the
arcuate eminence, is drilled off. The superior and an-
terior wall of the internal auditory canal may be
opened. The cochlear and the superior semicircular
canal in the arcuate eminence should not be drilled to
preserve the patient’s hearing. The periosteal dura is
cut from the superior orbital fissure to the foramen
ovale via the foramen rotundum and peeled off from
the lateral wall of the CS. The three peripheral
branches of the trigeminal nerve and GG, trochlear
nerve, and oculomotor nerve are exposed. The parasel-
lar tumor covered by a thin fibrous membrane is ob-
served between these CNs. The spaces between these
CNs have been identified as anterolateral (Mullan;
V1–V2), lateral (V2–V3), paramedial (III–IV), and su-
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perolateral (Parkinson; VI–IV) triangles. The dura of
the middle cranial base is incised into a T-shape toward
the SPS (Fig.�7.18a). The dura of the posterior fossa is
also incised into a T-shape just below the SPS
(Fig.�7.18a). The SPS is ligated and cut, and the tento-
rium is incised to the medial edge with careful atten-
tion to the trochlear nerve.

After incision of the lateral wall of MC, the poste-
rior fossa tumor is exposed (Fig.�7.18b). The parasellar
component of this tumor is removed carefully from the

various triangles described previously. The thin fibrous
membrane covering the tumor should be left behind to
preserve the function of the CNs. Careful attention
should be directed toward the ICA, which courses in-
feromedially to the tumor. The tumor protruding into
the sphenoid sinus can be removed under the mucosa
of the sinus.

After removal of the CS tumor, the posterior fossa
component, located medial to the trigeminal nerve root,
is removed. Because the trigeminal nerve root has been
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Fig. 7.18 a Interdural approach to the cavernous sinus and for
anterior petrosectomy. The solid lines indicate the dural incision
for resection of the superior petrosal sinus and tentorium. The
broken line indicates the incision of the periosteal dura to enter
the cavernous sinus. The GSPN and AE are the landmarks for
anterior petrosectomy. The petrous apex medial to these land-
marks is drilled to expose the posterior fossa dura. b Parasellar
and posterior fossa components of the lesion (chordoma) exposed
by the zygomatic transpetrosal approach. c Operative field after
tumor removal. BA basilar artery, AE arcuate eminence, AICA
anterior inferior cerebellar artery, FO foramen ovale, FR foramen
rotundum, FS foramen spinosum, GSPN greater superficial pet-
rosal nerve, IAC internal auditory canal, SOF superior orbital fis-
sure, SPS superior petrosal sinus, TL temporal lobe, TUM tumor
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mobilized by resection of the pyramidal apex, the
petroclival region tumor can be removed working
above and below the trigeminal nerve root. This tumor
adheres to the ventral surface of the pons, which can be
observed directly by this approach. The tumor is dis-
sected carefully from the pons, abducens nerve, the BA,
and its branches. The ultrasonic aspirator is beneficial
in reducing the tumor bulk after dissection of the tumor
from the adjacent structures to a certain extent. The op-
erative field after tumor removal is shown schemati-
cally (Fig.�7.18c).

The cavities in the CS after tumor removal and the
anterior petrosectomy are filled with subcutaneous fat
from the lower abdomen and fixed with fibrin glue to
prevent postoperative CSF leakage.

7.6 Posterior Subtemporal Approach

7.6.1 Indications

The posterior subtemporal approach is used for pos-
terolateral tentorial tumors, posterolateral middle cra-
nial fossa meningiomas (Fig.�7.19), trigeminal neuri-
nomas, and dorsolateral brainstem lesions.

7.6.2 Positioning

Under general anesthesia, the patient is placed in the
lateral position with the side of the planned craniotomy

7 Subtemporal Approach 127

Fig. 7.19 a Coronal T1-weighted MR image after gadolinium injection shows a huge tumor originating from the lower convexity
in the posterior temporal region and causing osteolysis of the temporoparietal bone. The tumor lies on the middle cranial fossa with
compression and contralateral dislocation of the ventricular system. b Same patient. Axial T1-weighted MR image after gadolinium
injection clarifies the posterior extension into the middle cranial fossa of the tumor with mesencephalon warping. c Sagittal T1-
weighted MR image after gadolinium injection. The tumor portion lying on the posterior region of the middle cranial fossa (on the
tegmen tympani) is tightly adjacent to the transverse sinus. d–f Postoperative coronal, axial and sagittal T1-weighted MR images
after gadolinium injection show complete tumor resection. Histological diagnosis: meningeal hemangiopericytoma
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upwards. To facilitate the approach, the patient’s head
is tilted below the horizontal position by approximately
10–15°. To approach brainstem tumors, the neck is ro-
tated toward the floor 15° off the horizontal plane, with
the patient’s nose pointing downwards. For posterolat-
eral tentorial or middle fossa tumors, the neck must be
rotated to achieve a head position parallel to the floor.
The patient’s back is slightly flexed, and all pressure
points, including the axilla, are padded. The three-point
head-rest is applied for head fixation (Fig.�7.20).

7.6.3 Skin Incision

A horseshoe-shaped incision is created, offset slightly
posterior to the ear, starting at the root of the zygoma,
extending superiorly to the supratemporal line and pos-
teriorly approximately 2.5� cm behind the mastoid
process. The operative field includes provision for ex-
tension of the incision into the suboccipital region to
allow access to the posterior fossa, should a combined
subtemporal–suboccipital approach prove to be neces-
sary (Fig.�7.21).

7.6.4 Craniotomy

Craniotomy is performed such that the inferior margin
of the craniotomy is at the level of the floor of the mid-
dle fossa. The dura is then opened exposing the pos-
teroinferior temporal region and the exact location of
the entry of the vein of Labbé into the transverse sinus
is identified. The microscope is used to view the tem-
poral lobe while it is retracted until the medial tentorial
edge is visualized. Retractors are then placed far pos-
teriorly under the deep temporal lobe. Gently working
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Fig. 7.20 Drawing illustrating patient head positioning. a To ap-
proach brainstem lesions, the patient’s head is tilted below the
horizontal position by approximately 10–15°. b To approach pos-
terolateral tentorial or middle cranial fossa lesions, the patient’s
head is parallel to the floor

Fig. 7.21 Drawing illustrating the skin incision and the cran-
iotomy margins
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the retractors further posteriorly and increasing the
amount of mediotemporal retraction can visualize the
posterolateral aspect of the brainstem. Sharp dissection
is used to open the arachnoid planes anteriorly, allow-
ing identification of the oculomotor nerve, the cerebral
peduncle and the basilar, posterior cerebral, and supe-
rior cerebellar arteries. As the lateral brainstem is visu-
alized, a right-angle hook can be used to elevate the
tentorium laterally, exposing the course of the trochlear
nerve around the lateral brainstem. The nerve can be
followed posteriorly to the point of origin from the dor-
sal brainstem. Stay sutures are placed in the tentorial
edge to retract it laterally, taking care to remain poste-
rior to the insertion of the trochlear nerve into the ten-
torial edge. The tentorium can then be opened laterally,
allowing a wide view of the lateral and posterolateral
brainstem. The removal of the petrous apex can be ac-
complished as previously described.

As the posterolateral aspect of the pontomesen-
cephalic junction is encountered, the folia of the supe-
rior vermis are visualized. With the use of a small ta-
pered blade retractor, the vermis can be elevated
posterolaterally providing full visualization of the
trigeminal root fibers as they enter the brainstem. As the
retractors are deepened, the microscope is gradually ro-
tated to a more posterior position, allowing visualization
of the posterolateral brainstem. The brainstem can then
be entered for the resection of intraparenchymal lesions.

Goel and Nadkarni described a posterior subtempo-
ral approach centered on the external auditory meatus
very similar to the previous technique for the surgical
treatment of trigeminal neurinomas of the middle cra-
nial fossa mainly located in the posterior part of the
middle cranial fossa [41]. The possible tumor extension
in the posterior cranial fossa is treated with a basal ex-
tension of the approach or adding a petrosal approach.

The main surgical difficulty encountered in any pos-
terior subtemporal approach is the sacrifice of the
Labbé vein or other bridging veins which leads to sig-
nificant postoperative morbidity. Sugita et al. [42] de-
scribed a method for preserving large bridging veins by
stripping them from the brain surface. Koperna et al.
[43] described a technique for preserving the Labbé
vein by dissecting it from its dural bed and shifting its
fixation point to the dura. These techniques do not,
however, alter the entry point of the vein into the dura,
which is the most vulnerable point for causing avulsion
or torsion injury during retraction of the brain.

Thus, Kyoshima et al. have come up with an ex-
tremely useful technique to preserve the subtemporal
bridging veins, avoiding placing tension on the bridg-

ing veins at their entry point. When a larger bridging
vein from the temporal lobe enters the dura attached to
the bone of the temporal base before it empties into the
transverse or tentorial sinus, the dura is dissected
widely from the bone and is cut vertically toward the
medial side of the temporal base in front of the entrance
of the vein into the dura. The dura, which includes part
of the entrance and interdural course of the vein, is then
reflected and retracted over the brain without exerting
increasing tension on the bridging segment. The addi-
tion of a transverse dural incision extending posteriorly
to the medial side of the interdural segment of the vein
results in easier mobilization of the temporal lobe [44]

7.7 Transtemporal–Transchoroidal
Fissure Approach

This approach is a valid alternative to the preceding if
the Labbé vein or other draining veins of the temporal
lobe impede its retraction. The approach was created
for the removal of lesions of the ambient cistern area
(Fig.�7.22). The ambient cistern is not easily accessible.
The pterional approach, the subtemporal approach, and
the occipital interhemispheric transtentorial approaches
have been used with difficulty to treat lesions in this re-
gion (e.g., the P2 segment of the PCA) [45]. Occasional
reports have appeared describing the transtemporal–
transchoroidal fissure approach to treat vascular lesions
in the ambient cistern, but have not provided details re-
garding the technique [45]. The subtemporal approach
can be used for lesions located in the inferior part of
the ambient cistern but is unsuitable for lesions located
more superiorly because of the risk of injury to the
Labbé vein and temporal lobe.

In terms of the transcortical approach, the shortest
and straightest axis to the temporal horn and choroidal
fissure is through the middle temporal gyrus and sub-
sequently through the lateral wall of the temporal horn.
However, this route is associated with a high risk of
neurological deficits.

Ebeling and Reulen [46] studied 50 temporal lobes
and found that the optic radiation at the tip of the tem-
poral horn lies in the roof of the ventricle. In the middle
portion of the temporal horn, the optic radiation courses
along the roof and lateral ventricular wall, whereas in
the atrium, the optic radiation courses along the wall of
the lateral ventricle only. Gonzalez and Smith [47] rec-
ommended that the surgical approach to the temporal
horn target the floor or the lower lateral wall of the tem-
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Fig. 7.22 Posterior subtemporal approach to the higher portion
of the ambient cistern. a Right temporal scalp (solid line) and
bone flap (broken line). The bone removal (red cross-hatched
area) at the lower margin of the bone flap gives access to the
floor of the middle fossa. b U-shaped dura; opening. The tem-
poral horn is approached through a cortical incision (broken line)
in the occipitotemporal sulcus between the inferior temporal and
occipitotemporal gyri. c Temporal horn opening to expose the
choroid plexus, collateral eminence, fimbria, hippocampus, and
the tail of the caudate nucleus. d Choroidal fissure opening by
dissection of the tenia fimbriae to expose the ambient cistern. e
The hippocampus and the tenia fimbria are retracted caudally,
exposing the distal portion of P2 and the P2–P3 junction of the
posterior cerebral artery. AC ambient cistern, ALHV anterior lon-
gitudinal hippocampal vein, BV basal vein, CE collateral emi-
nence, CP choroid plexus, F fimbria, H hippocampus, LPCA lat-
eral posterior choroidal arteries, OTS occipitotemporal sulcus,
PCA posterior cerebral artery, TC tail of caudate



poral horn. The sensory speech cortex is located at the
posterior aspect of the superior and middle temporal
gyri in the dominant hemisphere.

Various routes can be used to expose the temporal
horn to avoid potential neurological deficits from dam-
age to Meyer’s loop and Wernicke’s area. Heros [48]
used a cortical incision through the inferior temporal
gyrus as a corridor to the temporal horn for the treat-
ment of arteriovenous malformations in the mesial tem-
poral lobe. Nagata et al. [49] recommended approach-
ing the temporal horn through an incision along the
occipitotemporal sulcus. Ikeda et al. [50] also suggested
an inferior temporal gyrectomy as a corridor for the
transchoroidal approach to treat aneurysms, arteriove-
nous malformations, and meningiomas in the ambient
cistern without inflicting additional neurological
deficits. Because the optic radiation courses primarily
in the roof and lateral wall of the temporal horn, most
authors have suggested approaching the temporal horn
through its floor or lower lateral wall [45, 47–50].

To avoid deficits related to injuries to Wernicke’s
area, a cortical incision in the inferior part of the tem-
poral lobe has been recommended [45, 48–50]. The dis-
advantage of accessing lesions from the inferior tempo-
ral gyrus or below is that the axis of this approach is not
straight; thus a greater retraction of the hippocampus is
necessary [51]. However, Yasargil et al. reported that in
their anatomical and clinical experience the anterior por-
tion of Meyer’s loop completely covers the entire lateral
wall of the temporal horn; for this reason, they believe
that the pterional transsylvian approach allows better
and safer access to the temporal horn and the ambient
cistern [52]. Anteromedial access into the temporal horn
is gained by entering through the middle portion of the
periinsular sulcus (basal portion of the superior temporal
gyrus) while staying posterior to the uncinate fasciculus
and the anterior white commissure. This corridor into
the temporal horn followed by opening the tenia fimbria
would allow access to the distal portion of the P2 seg-
ment of the PCA. For lesions involving the cerebral pe-
duncle, the latter corridor can be used to gain access to
P2/P3 PCA aneurysms as well as ventral and ventrolat-
eral peduncular region gliomas and cavernomas.

7.8 Subtemporal Approach
in Posterior Circulation Aneurysms

Posterior fossa aneurysms are more frequently located
at the basilar bifurcation. They occur where the BA di-

vides into the PCAs. The neck of the aneurysm is usu-
ally located in the basilar bifurcation, but it can extend
laterally to include the PCA and its perforators. They
usually project superiorly, following the direction of the
blood flow in the BA. They may also project anteriorly,
posteriorly or laterally. The direction of projection of
aneurysms is important because it gives an idea as to
the relationship of the aneurysm to the perforating
branches of the basilar bifurcation and the P1 segment
of the PCAs (posterior thalamoperforating arteries).

Basilar bifurcation aneurysms are divided into three
groups according to their position in relation to the
upper portion of the dorsum sellae. Anatomical studies
have shown that the top of the BA is located within 1
cm of the level of the dorsum sellae in 87% of patients.
The apex of the bifurcation is below the tip of the dor-
sum sellae in 19% of patients, at about the same height
in 51%, and superior to the tip in 30%. Although the
BA is typically considered to bifurcate at the pontomes-
encephalic junction, the bifurcation of the PCA into P1
segment may be located as far caudally as 10 mm
below the pontomesencephalic junction and as far ros-
trally as the mamillary bodies. The location of the basi-
lar bifurcation with respect to the dorsum sellae is in-
versely related to the patient’s height. With age, the
tortuosity of the intracranial vessels increases and tends
to push the basilar bifurcation rostrally [53].

Among factors to be considered in the selection of
the most adequate surgical approach to deal with BA
aneurysms including the exact origin of the sac and its
projection and size, the relative height of the basilar bi-
furcation is most important in determining the preferred
approach. Aneurysms arising from a bifurcation located
above the posterior clinoid process are best dealt with
by a pterional approach, while aneurysms arising from
a low bifurcation (below the floor of the sella) are better
handled via a subtemporal approach.

For many years the subtemporal route popularized
by Drake was the universally used approach for
aneurysms of the basilar bifurcation, P1-PCA and prox-
imal portion of the SCA. This approach should be re-
served for patients in whom the carotid artery is short,
the PComA is dominant and the basilar bifurcation is
below the dorsum sellae and above the internal auditory
canal [54].

Ordinarily, the right side (86% in the series of
Drake) has been used unless the projection or complex-
ity of the aneurysms, left oculomotor palsy, left-sided
blindness or a right hemiparesis demand an approach
under the dominant temporal lobe [34]. The patient is
positioned in lateral decubitus and a small temporal
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bone flap above and in front of the ear is turned out.
The temporal squama is removed with rongeurs or
drills down to the level of the zygomatic root so that
the bony opening is as flush with the middle fossa floor
as possible. With time and great experience (1,767 pos-
terior circulation aneurysms) this flap has been substi-
tuted by Drake and coworkers for a small subtemporal
craniectomy through a linear incision similar to the Fra-
zier-Spiller operation for tic douloureux, which can eas-
ily be converted to a frontotemporal or posterior tem-
poral bone flap if necessary [34].

The prospective of the subtemporal approach is or-
dinarily perpendicular to the sagittal plane (lateral view
of the brainstem and anterior and middle incisural
space) with a good view of the ipsilateral P1 and con-
tralateral P1 hidden behind a large sac with its perfora-
tors. The appropriate maneuver suggested by Drake to
expose the contralateral P1 is to angle the retractor for-
ward a few degrees under the temporal pole and then
displace the waist of the sac posteriorly. This approach
has also permitted the authors to treat omolateral
carotid artery aneurysms by only moving the retractor
tip forward under the temporal pole. For treatment of
associated aneurysms of the middle cerebral artery,
carotid bifurcation and the anterior communicating ar-
tery, the frontotemporal transsylvian approach is the
standard option. The Labbé vein, well posterior, has
never been a problem in Drake’s experience.

The next steps are visualization of the tentorial free
edge and the “disengagement of uncus from its position
inside the edge of the tentorium.” Elevation of the
uncus by the retractor tip exposes the opening to the in-
erpeduncular cistern covered by Liliequist’s membrane
crossed by the oculomotor nerve. Retraction of the
uncus usually elevates the oculomotor nerve permitting
one to work underneath the nerve to clip the aneurysm
except in the case of a high basilar bifurcation or a giant
sac, when it may be necessary to separate the third
nerve from the uncus.

The opening into the interpeduncular cistern can be
widened significantly by the maneuver of placing a su-
ture at the edge of the tentorium just in front of, but free
of, the insertion and intradural course of the fourth
nerve. This maneuver obviates the need for dividing the
tentorium for most aneurysms at the basilar bifurcation
including those arising at the origin of the SCA. How-
ever, Drake has stated that in one-third of patients with
a low-lying basilar bifurcation aneurysm, tentorium di-
vision remained necessary. He also affirmed not to have
ever needed to remove the posterior clinoid process, be-
cause the lateral perspective obtained with this approach

does not obstruct the view of the aneurysm sac. The
PComA was rarely divided in Drake’s series. This artery
should be preserved in case of injury to the P1 or if it
becomes necessary to include P1 in the clip, an event
that has rarely happened in the author’s experience.

7.8.1 Differences from the Pterional
Approach

Yasargil et al. described the pterional approach in 1976
to offer an anterior anatomical perspective on the basi-
lar bifurcation [1]. Drake affirmed that this approach
“gives excellent, though narrow, visualization of the an-
terior aspect of most basilar bifurcation aneurysms and
particularly the opposite P1 origin and its perforators”
and in his series it was used only occasionally because
the author found it “narrow and confining with less vi-
sualization of the aneurysm, especially posteriorly in
the interpeduncular fossa.”

This is an approach for use preferably in normal or
high-lying aneurysms, in the latter even if technical dif-
ficulties have been recorded because the surgical cor-
ridor courses above the ICA bifurcation.

Yamamura described a radiographic method for de-
termining the exposure of basilar bifurcation aneurysms.
A baseline is established between the anterior and pos-
terior clinoid processes. The height of the ICA bifurca-
tion and the height of the aneurysm’s neck above the
baseline determines the working space during a trans-
sylvian approach. From this analysis, a high basilar bi-
furcation associated with a low ICA bifurcation would
be the hardest configuration to expose a basilar bifurca-
tion aneurysm via a transsylvian approach [55]. Another
aspect to consider before deciding to use the pterional
approach is the degree of posterior displacement of the
basilar tip from the posterior clinoid process as de-
scribed by Samson et al. A displacement of more than
10�mm (>13% of patients) may be associated with in-
creased operative morbidity [56].

There are three osseous obstacles to the BA apex
with this approach: the anterior clinoid process, the pos-
terior clinoid process, and the dorsum sellae. Resection
of these three obstacles partially or totally makes the
classic pterional approach more difficult.

Notwithstanding the described problems, the treat-
ment of BA bifurcation aneurysms performed by
Yasargil offered good results well before the discovery
and evolution of skull-base approaches, which confirms
the masterly nature of his work.
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7.8.2 Role of the Pretemporal Approach

This approach has already been described in clarifying
the advantages characterizing the pterional approach.
In aneurysms of the basilar apex (Fig.�7.9) and P1/P2a
artery specifically, exposure of the anterior and middle
incisural space is excellent (Fig.�7.13) and may be in-
creased with tentorial incision, to obtain a wider work-
space than the classic single pterional and subtemporal
approaches of Drake. This approach may be further am-
plified with the association of an orbitozygomatic os-
teotomy for a high basilar bifurcation aneurysm or a
transcavernous transsellar approach for a low-lying le-
sion. The latter approach is used also for complex and
giant BA aneurysms. The orbitozygomatic resection al-
lows a better view of the lesion from a basal perspec-
tive. In such cases, it is very useful to decompress the
optic nerve canal, remove the anterior clinoid process
and open the proximal and distal dural ring (Fig.�7.23).
This technique lengthens the subarachnoid segment of
the ICA and makes it more flexible.

A main advantage of the pretemporal transcavernous
approach is that it involves widening the operative field
depth by creating windows between the carotid artery
and CNs III and IV. However, anatomic variations
among patients may continue to hinder the full potential
benefit that might be derived from such an approach.
Such variations include: (1) the course of the oculomo-
tor nerve; (2) a prominent posterior clinoid process; and
(3) the course, length, and diameter of the PComA [11].

There are strategies for overcoming the disadvan-
tages associated with such variations. For example, the
oculomotor nerve can be fully exposed along its sub-
arachnoidal and intracavernous portions and thus can
be easily mobilized to achieve better exposure [57]. The

Fig. 7.23 a Orbitozygomatic transcavernous approach. Head po-
sition and site of cranioorbitozygomatic osteotomies. A pterional
bone flap (blue) is elevated as the first piece and the orbitozygo-
matic osteotomy (green) is elevated as the second piece. b Op-
erative exposure of a low-lying basilar apex aneurysm. The ex-
posure is directed between the carotid artery and oculomotor
nerve. The PComA has been elevated. The neck of the aneurysm
is located behind the dorsum sellae and posterior clinoid process.
c The transcavernous exposure is completed with exposure of the
clinoid segment of the ICA and unroofing of the optic canal and
dorsum sellae resection. ACA anterior cerebral artery. Ant Clin
anterior clinoid, BA basilar artery, ICA internal carotid artery,
MCA middle cerebral artery, PCA posterior cerebral artery, PCoA
posterior communicating artery, Post Clin posterior clinoid, SCA
superior cerebellar artery

a

b

c



posterior clinoid process can be trimmed and/or re-
moved using a high-speed drill. The PComA can some-
times be long with an undulating course, which does
not get in the way of its exposure. However, frequently,
the PComA is short and has a course that is almost in
the middle of the field of view. In these situations, it
may also create a tension-band effect by pulling the
ICA posteriorly and thus additionally reducing the
depth of the field of exposure. Because the PComA has
blood flow from more than one source (the ICA and
PCA), it makes sense to consider cutting the PComA
as a potentially safe step that can help widen the expo-
sure at its depth (Fig.�7.14). Dividing the artery is es-
pecially helpful and safe in situations in which a short,
adult-type PComA exists with the longest perforator-
free zone closest to the PCA [34]. In this case, small
hemoclips are placed as far apart as possible from one
another at the longest perforator-free zone. The artery
in-between is coagulated and cut, and the cut ends re-
tract as a result of the elastic tension within the artery.
The main disadvantage of this approach is the almost
inevitable postoperative palsy of the oculomotor nerve.

7.8.3 Role of th5e Anterior Transpetrosal
Approach

This approach is indicated for basilar trunk aneurysms
located between the level of the pituitary floor and the
internal carotid canal on a lateral angiogram (upper
basilar trunk aneurysms, anterior inferior cerebellar ar-
tery aneurysms, and vertebrobasilar junction aneurysms)
(Fig.� 7.17d). This approach is highly indicated for
aneurysms projecting to the brainstem because the per-
forating arteries around the aneurysm can be better ob-
served and carefully dissected from the neck of the
aneurysm.

A recent anatomical study performed on cadavers
compared the two techniques, the transcavernous ap-
proach and anterior petrosectomy, used to manage ret-
rosellar and upper clival BA aneurysms. Although this
was a purely anatomical study, it clearly showed the
real entity of the surgical exposure and the possible
complications related to both surgical approaches [58].

Surgical approaches to manage basilar bifurcation
aneurysms often have focused on the expansion of the
deep windows of exposure [59]. However, the expan-
sion of the surgical window may imply a risk to certain
anatomic structures. In the transcavernous approach,
the carotidooculomotor window may be expanded by

drilling the anterior and posterior clinoid processes, un-
roofing the optic nerve, opening the CS, and mobilizing
the ICA (cutting proximal and distal dural rings) [45,
59]. The surgical view is unobstructed, and no vital
structures, such as CNs, become interposed between
the lesion and the surgeon’s view. However, there are
some drawbacks. Retracting the temporal lobe posteri-
orly often necessitates the sacrifice of temporal veins.
Extensive manipulation of CN III and the mobilization
of the ICA are necessary to augment the carotid oculo-
motor window. Potential injury to CN IV (as it crosses
over CN III at the apex of the orbit) may follow the
drilling of the anterior clinoid process or the unroofing
of the optic canal.  In some cases, the PComA must be
sacrificed to ensure adequate surgical access to the in-
terpeduncular and prepontine cisterns. Unroofing the
optic canal carries the potential risk of injuring the optic
nerve and violating the sphenoidal sinus. Bleeding that
may occur from the basilar venous plexus and CS is a
major risk during this procedure. For this reason, a
complete resection of the posterior clinoid may be not
performed in patients with a well-developed basilar
plexus, and in such patients, the transcavernous ap-
proach would be difficult and/or impossible. The ante-
rior petrosectomy, in turn, may provide a more caudal
exposure of the BA and allows working space between
CN III to IV (retrosellar BA), IV to V (retrosellar BA),
and V to VII windows (upper clival segment of the BA)
[60]. Therefore, the anterior petrosectomy provides ac-
cess to the BA that is actually upper clival rather than
just retrosellar [60] and allows access to a greater seg-
ment of the BA for proximal control; however, the sur-
gical exposure is hampered by the interposed CNs. All
of these neural structures along with CN VI are at risk
when performing the anterior petrosectomy. In addi-
tion, retraction of the temporal lobe may damage the
vein of Labbé, and drilling of the petrous bone may re-
sult in injury to the petrous carotid artery and cochlea.

7.8.4 Role of the Transtemporal–
Transchoroidal Approach

This approach is used mainly for exposing the P2-PCA
and aneurysms arising along its course or arteriovenous
malformations localized in the ambient cistern. The P2
segment begins at the PComA, lies within the crural
and ambient cisterns, and terminates lateral to the pos-
terior edge of the midbrain. The P2 segment is divided
into anterior and posterior parts because the surgical
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approaches to the anterior and posterior halves of this
segment often differ, and because it is helpful in iden-
tifying the origin of the many branches that arise from
P2. The anterior part is designated as the P2A or crural
or peduncular segment because it courses around the
cerebral peduncle in the crural cistern. The posterior
part is designated as the P2P or the ambient or lateral
mesencephalic segment because it courses lateral to the
midbrain in the ambient cistern. Both segments are ap-
proximately 25�mm long. 

The P2A segment begins at the PComA and courses
between the cerebral peduncle and uncus that forms the
medial and lateral walls of the crural cistern, and infe-
rior to the optic tract and basal vein that crosses the roof
of the cistern, to enter the proximal portion of the am-
bient cistern. The P2P segment commences at the pos-
terior edge of the cerebral peduncle at the junction of

the crural and ambient cisterns. It courses between the
lateral midbrain and the parahippocampal and dentate
gyri, which form the medial and lateral walls of the am-
bient cistern, below the optic tract, basal vein, and
geniculate bodies and the inferolateral part of the pul-
vinar in the roof of the cistern, and superomedial to the
trochlear nerve and tentorial edge.

As has already been described in the general de-
scription of this surgical approach, lesions located
along the upper surface of the parahippocampal gyrus
are hidden from the subtemporal view by the medial
surface of the para-hippocampal gyrus and the surgical
exposure cannot be improved by elevation of the tem-
poral lobe [32]; for this reason, to treat P2p aneurysms,
the transtemporal–transchoroidal approach is preferable
because it is safer and offers better exposure of the
upper portion of the ambient cistern.
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8.1 Introduction

The goal of presigmoid approaches is to expose the
posterior cranial fossa via partial or complete petrosec-
tomy and division of the tentorium. The presigmoid ap-
proaches are an anterior extension of the common sub-
occipital lateral approach, and provide excellent
exposure of cerebellopontine angle and pons. We gen-
erally distinguish three types of presigmoid approaches,
namely the retrolabyrinthine, the translabyrinthine and
the transcochlear, that represent three progressive steps
of the petrosectomy.

In particular, the retrolabyrinthine approach involves
a presigmoid partial mastoidectomy that preserves the
structures of the inner ear. Its major benefits are that
hearing and facial nerve function are preserved and
only minimal brain retraction is required. Combined
with middle fossa exposure (combined petrosal ap-
proach) [1–5], this approach is very useful for lesions
involving the petroclival junction, including petroclival
meningiomas, trigeminal schwannomas, epidermoids,
and large chondrosarcomas or chordomas with in-
tradural components [1–7].

In order to carry out this approach, a detailed knowl-
edge of mastoid anatomy is mandatory. Skull-base sur-
geons have to be able to perform a mastoidectomy via
several presigmoid exposures:
1. Retrolabyrinthine
2. Translabyrinthine
3. Transcochlear

4. Combined petrosal (combination with middle fossa
approach)

5. ELITE (extreme lateral infrajugular tanscondylar-
transtubercular exposure)

6. Infralabyrinthine transjugular-infrajugular.

8.2 Transpetrosal Approaches

According to Ammirati and Samii [6]:

The presigmoid sinus approaches to the petroclival region
shortens the distance to the clivus, permits a multiangled
exposure of this difficult surgical area, minimizes the
amount of temporal lobe retraction, preserves the integrity
of the transverse sinus, and allows for better preservation
of the neurovascular structures. These factors translate
into a high percentage of total tumor removal and a low
incidence of permanent morbidity.

The retrolabyrinthine, translabyrinthine, and trans-
cochlear approaches, which constitute the three major
transpetrosal approaches, are typically used to treat le-
sions located in front of the brainstem, such as tumors
or midbasilar aneurysms, following the principle of re-
moving bone rather than retracting neural tissue. The
difference between these approaches is the gradually
increasing amount of resection of the mastoid process.
Progressive drilling of the petrous bone, and removing
the labyrinth and the cochlea exposes the anterior as-
pect of the brainstem, minimizing retraction and leav-
ing the surgeon closer to the target, but causes perma-
nent loss of hearing [1–7].

Owing to the need for a wide exposure of the sig-
moid and transverse sinuses, cerebral angiography with
venous phase and/or an angio-MRI scan is always ad-
visable before surgery [1–7].
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The translabyrinthine and transcochlear exposures
are dependent on and are a progression of the retro-
labyrinthine approach. They are described in more de-
tail in Chapter 12.

8.2.1 Retrolabyrinthine Approach:
Surgical Technique and “Tricks”

Retrolabyrinthine mastoid drilling was designed for the
treatment of vestibular neurectomies (for which the
retrolabyrinthine approach was developed); its appli-
cation in other settings is limited [1–7]. Among
transpetrosal approaches, the retrolabyrinthine ap-
proach involves the smallest amount of bone resection.

For the position of the patient on the operating table
we suggest the Fukushima’ lateral position (Fig.�8.1)
[3, 4]. The table is positioned in 15–20° reverse Tren-
delenburg position. The body of the patient should lie
in an oblique line, with the upper arm at 45° and the
lower one at 90°. Silicone pads are positioned in the
lower axilla and between the legs. The leg on the table
is flexed more than the other. The shoulder ipsilateral
to the operative field should be the more external part
of the body, in line with the limit of the table [3, 4]. The
head is held in a three-pin Mayfield device. A soft roll
is placed under the ipsilateral shoulder to facilitate ro-
tation. The head should be: (1) flexed slightly on the
neck, (2) declined with the vertex down, and (3) rotated
toward the floor. The shoulder is taped caudally to in-
crease the surgeon’s working room. If the position is
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Fig. 8.1 Fukushima’s lateral position. a
Surgical position. b Artistic drawing

a
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correct, the shoulder creates an edge between the neck
and the chest and the mastoid is the highest structure in
the operative field [3, 4] (Fig.�8.1).

In patients with a habitus precluding adequate depres-
sion of the shoulder and in patients with a short and wide
neck, the park bench or the supine position can be used,
with the head rotated to the opposite side, parallel to the
floor, and moderately flexed and declined [1, 2, 5].

Optionally, a lumbar CSF drainage catheter can be
placed, in order to minimize brain retraction [3, 4].

The skin incision begins 1�cm over and anterior to
the ear and continues in a gentle curve around the ear
to reach a point just 1�cm below the mastoid tip in a C-
shaped fashion (Fig.�8.1). In the combined petrosal ap-
proach the incision starts from the root of the zygoma
anterior to the ear and extends in a curvilinear fashion
behind the ear to reach a point 2�cm below the mastoid
tip, two transverse fingers posterior to the mastoid body
[1–5]. In a two-layer dissection technique, the subcu-
taneous tissue is separated from the fascia and pre-
served for final reconstruction [3, 4]. The temporalis
muscle is detached from the bone by sharp dissection
and retracted anterior with blunt hooks, taking care to
elevate the skin flap and the muscle on a plane at 45°,
avoiding their prolonged compression (Fig.�8.2)

The mastoid cortex is scored and cut with a high-
power drill, starting with a “large” cutting bar (5 or
6�mm in diameter) [1–5, 7]. The area to be drilled is a
wide triangle, whose apexes are the root of the zygoma,
the asterion and the mastoid tip (Fig.�8.6). A common
mistake is to start with too-small a triangle that pre-
cludes the possibility to adequately expose the deeper
structures. During this step it is necessary to gradually
expose the sigmoid sinus (from the transverse-sigmoid
sinus junction to the jugular bulb), the dura covering
the basal part of the temporal lobe (after drilling the so-
called tegmen tympani), and the sinodural angle
(Fig.�8.3). This drilling opens the “antrum” (just deep
to the superoanterior corner of the triangle), a bone cav-
ity of the mastoid communicating with the tympanic
cavity and the mastoid cells. The lateral semicircular
canal (LSC) becomes clearly visible with its compact
bone, and close to it the incus appears. These are critical
landmarks for identification of the facial nerve (see
below).

When retrolabyrinthine mastoidectomy is combined
with a far-lateral or retrosigmoid approach the entire
sigmoid sinus is skeletonized. The mastoid emissary
vein is usually located 2�cm above the inferior nuchal
line and 2�cm below the superior nuchal line in the lat-
eral border of the mastoid bone, and inserts into the sig-
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Fig. 8.2 a Incision, b double-layer flap elevation and c start
drilling.
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moid sinus approximately half way between the trans-
verse sigmoid sinus junction and the jugular bulb [3,
4]. This vein is an important landmark for location of
the internal auditory canal during the translabyrinthine
approach [6]. Maximal attention is necessary to locate
and protect the vein of Labbé at its insertion into the
sigmoid sinus [1–5].

The retrolabyrinthine approach only compromises
the bone anterior to the sigmoid sinus and posterior and
inferior to the semicircular canals: LSC, posterior
(PSC) and superior (SSC), including the common crus
connecting the PSC and SSC (Fig.�8.4). Thus, in this
exposure the mastoid is drilled posterior and inferior to

the labyrinth and cochlea, which are skeletonized but
not opened so that hearing is preserved. The canals
should be maximally “cleaned” by cancellous bone of
mastoid cells until a blue line is visualized (that is their
membranous content in transparency). Care is neces-
sary when drilling over the PSC. The canal is some-
times covered by a large sigmoid sinus, the wall of
which may be damaged. In order to prevent this com-
plication, it seems advisable to leave a thin layer of
bone (egg-shell technique) over the sigmoid sinus [3,
4] and gently retract it with a self-retaining spatula.
Recognition of the deep (anterior) wall of the sigmoid
sinus canal into the mastoid is another “trick” to iden-
tify the posterior border of cancellous bone posterior to
the PSC that can be safely removed.

Care is taken to locate and preserve the facial nerve
(Fig.�8.4) in the tympanic segment (close to the incus),
genu (close to the LSC), and vertical (fallopian canal)
segment. The fallopian canal should be followed from
the genu as far as the digastric point on the digastric
line (the intramastoid attachment of the digastric mus-
cle) and the stylomastoid foramen [1–5]. In cadaver
dissection, it is possible to recognize the bony canal of
the facial nerve when a pink line appears during drilling
[3, 4]. Anyway, for location, identification, and preser-
vation of the facial nerve in its segments inside the mas-
toid process there are well-established landmarks
(Table� 8.1). First, the mastoid antrum indicates the
depth of the labyrinth and the depth at which the facial
nerve can be located (and damaged!) at the level of the
tympanic segment and the genu [3, 4]. Therefore, spe-
cial care is necessary when the aditus ad antrum is
opened and the incus and the LSC visualized. Among
the other landmarks (Table�8.1), before drilling it is ad-
visable to identify the position of the spine of Henle
(Fig.�8.2) in the posterior border of the external audi-
tory canal. In fact, at a depth of 15–16�mm from the
spine of Henle, the genu of the facial nerve is usually
located [3, 4]. In clinical practice, electrical stimulation
and registration of the nerve is always a fundamental
adjunct for obtaining a safe procedure [3, 4, 7].
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Fig. 8.3 Skeletonization of the sigmoid sinus (SS), the transverse
sinus, the tegmen tympani (TT), the sinodural angle (SDA), the
mastoid antrum (MA), and the lateral semicircular canal (LSC)

Fig. 8.4 Retrolabyrinthine mastoidectomy: final exposure

Table 8.1 Landmarks for location of facial nerve

Segment Landmark

Descending segment Digastric ridge, inferiorly
(Fallopian canal) LSC, superiorly
Genu (close to LSC) 15–16 mm deep to the spine of Henle

LSC
Tympanic segment Incus
(in the mastoid antrum) Parallel to LSC 



After retrolabyrinthine mastoid drilling it is possible
to expose the presigmoid dura mater and the endolym-
phatic sac (Fig.�8.4). Care must be taken to avoid injury
to the endolymphatic sac, which runs medial to the sig-
moid sinus and inferior to the PSC. Damage to this struc-
ture can cause hearing loss as a result of endolymphatic
fluid leakage [3, 4]. After opening of the presigmoid
dura it is possible to expose the cranial nerves (from the
3rd to the 12th), the superior cerebellar artery, the ante-

rior-inferior cerebellar artery the posterior inferior cere-
bellar artery, the anterior and lateral aspect of the brain-
stem, and the lateral surface of the cerebellar hemisphere
(Fig.�8.5). Ligation and division of the sigmoid sinus
provides additional exposure by opening a wider angle
between the cerebellum and the petrous bone [2], espe-
cially in combination with a traditional retrosigmoid
craniotomy (for this approach see Chapter 9). In any
case, in agreement with Fukushima et al. [3, 4], it is usu-
ally better to preserve the sigmoid sinus, in this way
avoiding the feared venous complications, especially
when the sinus is divided close to the insertion of the
vein of Labbé.

As an aid to remembering all the necessary land-
marks for a correct retrolabyrinthine mastoidectomy,
Fukushima et al. [3, 4] identified three triangles in three
different planes of depth (Fig.�8.6). The points of the
outer triangle of Fukushima et al. are: the root of the
zygoma, the asterion, and the mastoid tip. The points
of the inner triangle are: the aditus ad antrum, the sin-
odural angle, and the digastric point. The points of
Macewen’s (deeper) triangle are: the aditus ad antrum,
the half-way point between the aditus ad antrum and
the sinodural angle, and the half-way point between the
aditus ad antrum and the digastric point. The last trian-
gle encloses the labyrinth [3, 4].

The following are some key landmarks that should
be born in mind during mastoid dissection:
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Fig. 8.5 Opening of the posterior fossa presigmoid dura mater
after retrolabyrinthine mastoidectomy. AICA anterior inferior
cerebellar artery, JB jugular bulb, SPS superior petrosal sinus,
SS sigmoid sinus, V VII VIII IX cranial nerves

Fig. 8.6 Fukushima’s triangles. Z root of
the zygoma, HS spine of Henle, EAC ex-
ternal auditory canal, SS sigmoid sinus,
A asterion, TS transverse sinus
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• Trigeminal point: 1–2�cm posterior to the superior–
posterior mastoid limit (along the superior nuchal
line).

• Mastoid emissary vein: 2� cm above the inferior
nuchal line and 2�cm below the superior nuchal line;
landmark for the cochlear nerve.

• Digastric line/point: landmark for the descending fa-
cial nerve (mastoid dissection); landmark for the oc-
cipital condyle (high cervical dissection).

• Trautmann’s triangle: above the jugular bulb and
under the PSC; the route of access to the foramen
lacerum.

8.3 Conclusions

When performed properly, this technique provides a
solid adjunct to treating many petroclival lesions,
mainly in combination with other approaches. Although
the anatomical landmarks of the skull base are well

known, acquiring the practical knowledge of neurosur-
gical anatomy, especially temporal bone anatomy, is a
very long and tortuous process involving many visits
to the cadaver laboratory.

The transpetrosal routes, especially when combined
with temporal craniotomy, the middle fossa approach,
the retrosigmoid approach, and/or high cervical expo-
sure are the best option for approaching many posterior
fossa lesions deeply located around the brainstem and
in the cerebellopontine angle. The main advantages of
these approaches are the minimal retraction of brain
and the wide exposure they allow.

The retrolabyrinthine route is the first step in mas-
toidectomy. Indeed, translabyrinthine and transcochlear
exposures are dependent on and are a progression of
the retrolabyrinthine approach. Therefore, a knowledge
of mastoid anatomy and of retrolabyrinthine dissection
is fundamental for any skull-base surgeon, representing
one of the most important “weapons” in the armamen-
tarium against skull-base tumors.
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9.1 Introduction

The lateral suboccipital or the retrosigmoid approach
(RSA) was developed by Fedor Krause and utilized for
the first time by him in 1898. During the following
decades it was developed and became one of the main
and most frequently applied operative approaches in
neurosurgery [1–5]. Various pathological entities lo-
cated in the cerebellopontine angle (CPA), the internal
auditory canal (IAC), the petroclival area, and the lat-
eral or anterior foramen magnum area, can be ade-
quately accessed via the classical RSA or some of its
modifications. Refinements of the operative technique
led to a significant decrease in the initially high proce-
dure-related complication rate, and nowadays the RSA
is safe and relatively easy to perform. Due to the wide
panoramic view offered by the approach, all stages of
surgery may be performed under direct visual control,
which is particularly important during dissection in
proximity of the brainstem. Further, in patients with a
large vestibular schwannoma (VS), the RSA is the only
hearing-sparing technique.

The introduction of highly sensitive techniques for
intraoperative neurophysiological monitoring added
considerably to the safety of the procedure [6–8].
Nowadays we perform such monitoring whenever the
RSA is used. It is done throughout the whole of the pro-
cedure: from positioning of the patient to skin closure.
Monitoring of the somatosensory evoked potentials is
especially important if the patient is in the semisitting

position in order to prevent spinal cord compression.
Preoperative functional X-rays of the cervical spine
could identify patients at risk, such as those with severe
degenerative spine disease or spinal instability [4].

The facial nerve is monitored continuously by elec-
tromyography transferred by loudspeakers [9, 10].
Bipolar recording needle electrodes are fixed at the eye-
brow for the orbicularis oculi muscle and at the mouth
angle for the orbicularis oris muscle. Electrical activa-
tion by 1–4�mA is applied during the course of surgery
for difficult nerve identification or for testing the reac-
tivity of the nerve to mechanical stimulation. Monitor-
ing of brainstem auditory evoked potentials is essential
for avoiding hearing deficit, e.g. in every case when the
cerebellum is retracted. In VS surgery it allows control
and prediction of the cochlear nerve function and pro-
vides instant feedback information on the functional
status of the cochlear nerve. The waves I, III, and V are
functional correlates of the cochlea, the nucleus
cochlearis, and the colliculus inferior; the main param-
eters that are observed are the waves latency, ampli-
tude, and loss. The parameter that most closely predicts
deafness is loss of wave V [7]. The loss of any wave
may be prevented by early recognition of its deteriora-
tion, and the surgeon’s actions should be modified ac-
cordingly. The abducent and the caudal cranial nerves
are monitored if necessary according to the particular
tumor extension and clinical presentation.

9.2 Positioning of the Patient

The patient can be placed on the operating table in the
semisitting, lateral, park-bench, or supine position with
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the head rotated to the contralateral side [8, 11]. Despite
the risks related to the semisitting position [12]—such
as venous air embolism, paradoxical air embolism,
tension pneumocephalus, or circulatory instability—
we prefer it for neoplastic or vascular lesions, while
for microvascular decompression the supine position
with the head rotated contralaterally is sufficient.

The main advantage of the semisitting position is
that there is no need for constant suction so the sur-
geon can perform the dissections bimanually. Sec-
ondly, there is no need for frequent coagulation during
the procedure because the assistant continuously irri-
gates the operative field. 

In experienced hands the potential complications re-
lated to this position can be avoided [10, 13]. The source
of major air embolism is usually the venous sinuses that,
due to their bone attachments, do not collapse. Air may
also enter via emissary veins or via diploic veins. The
most specific and sensitive method for detection of air
embolism is transesophageal echocardiography. Never-
theless, the combined monitoring of end-tidal carbon
dioxide and precordial Doppler echocardiography yields
similar results [14]. If immediate measures are carried
out at the first sign of venous air embolism, the related
morbidity is insignificant. The morbidity due to venous
air embolism is similar in both the semisitting and
supine position.

The head of the patient is fixed to the operating
table with a three-point head fixation frame, flexed and
rotated approximately 30° to the involved side
(Fig.�9.1). Importantly, any occlusion of venous jugu-
lar outflow or hyperflexion of the cervical spine should
be avoided.

9.3 Craniotomy

A slightly curved skin incision 2–2.5�cm medial to the
mastoid process is performed and the underlying mus-
cles are incised in line with the skin (Fig.�9.2). If the
foramen magnum area has to be approached, however,
the caudal end of the incision has to be extended further
towards midline. The question as to whether to perform
a craniectomy or craniotomy is a matter of individual
preference and institutional tradition. According to our
experience, the one-piece craniotomy is a more danger-
ous procedure in regard to the safety of venous sinuses
and the risk of a dural tear. After the initial burr hole is
made, the craniectomy is extended with bone rongeurs
and a high-speed drill. Traditionally the position of the
burr hole was determined in relation to the asterion as
the point where the transverse sinus merges into the sig-
moid sinus [8]. However, some recent studies have
shown that the asterion is not an absolutely reliable
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Fig. 9.1 Semisitting position of the pa-
tient with the head flexed anteriorly and
rotated to the side of the approach



anatomic landmark and is variable both in the cranial–
caudal and in the anterior–posterior plane [15–17]. The
superior nuchal line usually overlies the transverse
sinus, but is also unreliable. The course of the sigmoid
sinus is less variable: it descends along an axis defined
by the mastoid tip and the squamosal-parietomastoid
suture junction or over the mastoid groove. 

We prefer to place the burr hole 2–2.5�cm below the
superior nuchal line, two-thirds behind and one-third
in front of the occipitomastoid suture. Importantly, the
location of the emissary vein has to be also considered.
For CPA tumors, the size of the craniotomy is similar
and not related to the tumor type or size. Only the bor-
ders of the sigmoid and transverse sinuses should be
exposed, as more extensive exposure of these sinuses
is unnecessary and might lead to their laceration or des-
iccation, with the risk of subsequent thrombosis
(Fig.�9.3). The bone opening should extend to the floor
of the posterior fossa, thus allowing access to the lateral
cerebellomedullary cistern. Special care should be di-
rected toward preservation of the mastoid emissary
vein/veins. Excessive traction on the vein could lead to
sinus laceration and increases the risk of venous air em-
bolism. Its location should be studied on the thin-slice
bone window CT scan of the occipital bone. During the
craniotomy, the vein should be freed from any bony en-
casement with a diamond drill until it can be safely co-
agulated. For microvascular decompression a smaller
craniotomy is sufficient; however it should be precisely
positioned [3]. On the other hand, the foramen magnum
may need to be opened to expose adequately lesions in
the foramen magnum area [18].

All subsequent stages are performed with micro-
scopic visualization. The dura is incised in a curvilinear
manner just medial to the sigmoid and inferior to the
transverse sinus (Fig.�9.4). This allows a primary wa-
tertight dural closure and avoids the need to use dural
substitute in almost all cases. The lateral cerebel-
lomedullary cistern is then opened and the cere-
brospinal fluid is drained. Thus, the cerebellum relaxes
away from the petrous bone and the self-retaining re-
tractor supports and protects the cerebellar hemisphere,
instead of compressing it.

The later steps of surgery depend upon the underly-
ing pathological entity. In cases of VS, the intrameatal
tumor portion is exposed initially [10, 13]. Careful study
of high-resolution CT scans with thin slices and bone
window is essential for the safe opening of the IAC. The
dura is excised circularly around the posterior lip of the
IAC and stripped off. The posterior and superior walls
of the IAC are then drilled using decreasing sizes of di-
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Fig. 9.2 Slightly curved skin incision is made 2–2.5�cm behind
the mastoid process (arrow)

Fig. 9.3 The craniotomy exposes the margins of the transverse
sinus (single arrow) and of the sigmoid sinus (double arrow).
k sinus knee



amond drills under constant irrigation. The canal is un-
roofed at least over 180° of its circumference (Fig.�9.5).
Less radical exposure of the IAC leads to a greater risk
of either incomplete removal of the most lateral part of
the tumor or a worse functional outcome. The extent of
IAC opening is tailored to the extent of lateral tumor ex-
tension. In order to preserve hearing, the inner ear struc-
tures should not be damaged. Therefore, the last 2–
3�mm of the bony plate next to the fundus is usually left
intact. The meatal dura is then incised and the in-
trameatal tumor is exposed. The most lateral tumor por-
tion is carefully mobilized out of the IAC with a mi-
crodissector. The facial and vestibulocochlear nerves
can be identified laterally in the region of the fundus due
to their constant relation to the bony structures. Once
the nerves are exposed, the tumor is removed piecemeal.
If the tumor is of highly increased consistency, primary
intrameatal mobilization might be difficult.

The extrameatal part of the tumor is initially de-
bulked with a Cavitron ultrasonic aspirator or platelet-
shaped knife. After sufficient internal decompression
has been achieved, the tumor capsule is dissected from
the surrounding neural structures. The dissection is per-
formed by carefully gripping the tumor capsule and dis-
secting in the level of the arachnoid plane. Stretching
of neural structures in one direction for a long time has
to be avoided. The medial segment of the facial nerve
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Fig. 9.4 The dura is incised along the sinuses and retracted with
two sutures. The cerebellopontine angle is exposed. Both the pos-
terior pyramid and the vestibular schwannoma are well visualized

Fig. 9.5 a The IAC is opened widely with a high-speed diamond drill. b Following incision of the IAC dura, the VS and the cranial
nerves are seen as they enter the CPA cistern (different patient)

a b



is identified medially along the brainstem. Pulling the
rest of the capsule medially and upward allows visual-
ization of the middle and the most lateral segments of
the nerve (Fig.�9.6). Once the tumor has been com-
pletely removed, the continuity of the facial nerve can
be confirmed by electrical stimulation of the nerve from
the brainstem to the intrameatal portion.

In meningioma surgery, the location of the tumor de-
termines the extent of exposure [4, 5, 19, 20]. If the
tumor is located retromeatally, the pure retrosigmoid
suboccipital approach is sufficient; in tumors that orig-
inate anterior to the IAC and extend into Meckel’s cave
and/or the posterior cavernous sinus, the suprameatal
extension of the retrosigmoid approach is required.
Petroclival meningiomas are located medially to the
Vth, VIIth, and VIIIth cranial nerves and should be re-
moved through one of the CPA levels: the upper level
(defined by the tentorium and the trigeminal nerve), the
second level (between the trigeminal and the VIIth—
VIIIth nerve complex), the third level (between the
VIIth and VIIIth nerves and the caudal nerves), or the
lowest level (between the caudal nerves and the fora-
men magnum). The anatomical space between the cra-
nial nerves may be relatively narrow; however the
tumor usually widens it sufficiently to allow safe ma-
nipulations. The removal should start at the level that
is most widely expanded by the meningioma. Initial in-

ternal decompression is performed using an ultrasonic
surgical aspirator at the appropriate levels and—in a
manner similar to the procedure for VS—the tumor
capsule is dissected only after sufficient internal de-
compression has been achieved. If the pia mater of the
brainstem is infiltrated, a small part of the tumor cap-
sule may be left (10–20% of cases).

Larger meningiomas have already displaced the
brainstem, so the RSA may provide adequate access
even to the contralateral side or supratentorially. If nec-
essary, however, the petrous apex may be resected. In
1982 the senior author introduced the technique of in-
tradural resection of the petrous apex via the retrosig-
moid route – the so-called retrosigmoid suprameatal
approach or RSMA [21, 22]. Later anatomical studies
have shown that the exposure may be thus extended an-
terior by as much as 13.0�mm [23]. The degree of bone
removal is determined by the individual anatomical
characteristics and tumor expansion. The opening of
Meckel’s cave allows mobilization of the trigeminal
nerve, which further increases the working space. The
abducent nerve may be identified early at its brainstem
exit zone and followed during tumor removal up to
Dorello’s canal which allows its preservation. In tumors
extending supratentorially into the middle cranial fossa,
additional resection of the tentorium is needed. Hence,
the RSMA provides access to Meckel’s cave, the petro-
clival area, and the middle fossa including the posterior
cavernous sinus. Moreover, the risks associated with
alternative approaches, such as extensive petrous bone
resection or retraction of the temporal lobe with the as-
sociated risks of damage to neural and vascular struc-
tures are avoided.

In more extensive meningiomas that engulf the optic
nerve and carotid artery, staged surgery may be indi-
cated. In the first stage, the tumor part in the CPA,
clivus, and/or Meckel’s cave is removed via a RSMA
and the brainstem is decompressed, and the risk of se-
vere neurological deterioration is thus prevented. In the
second stage, the supratentorial portion is removed via
the frontotemporal route.

Intradural lesions, located in the lateral or anterior
foramen magnum area can be successfully approached
via the lateral suboccipital route, which combines a ret-
rosigmoid craniectomy and a C1 hemilaminectomy/
laminectomy [18]. In these cases, the craniectomy is
similar to the one described above. In addition, lateral
removal of the C1 lamina and wide opening of the fora-
men magnum are required. Thus, sufficient lateral ex-
posure is gained, circumventing the risky dissection
and/or transposition of the vertebral artery.
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Fig. 9.6 Complete tumor removal. The facial and cochlear
nerves are preserved



9.4 Dural Closure and Reconstruction
of the Posterior Skull Base

The drilled area of the pyramid is sealed with multiple
pieces of fat tissue that are fixed with fibrin glue
(Fig.�9.7). The fat plug has specific characteristics on
different MRI sequences and should not be mistaken
for residual or recurrent tumor on the follow-up studies
(Fig.� 9.8). Prior to dural closure, the jugular veins
should be compressed to make any opened veins visible
for hemostasis. The compression is applied while the
retractor is still in place, which allows inspection of the
CPA. After the retractor has been removed and the cere-
bellum has reexpanded, the jugular veins are com-
pressed again. Any torn and bleeding supracerebellar
bridging veins are detected. If some mastoid air cells
have been opened, they also have to be occluded with
fat and fibrin glue. The dura is sutured watertight; if
needed, a piece of fat may be applied over the suture
line. The fat is harvested from the appropriate subcuta-
neous layer at the incision site. Bone wax is avoided,
except for hemostasis if there is significant bleeding
from the bone edges.
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Fig. 9.7 The IAC is sealed with multiple pieces of fat and fixed
with fibrin glue

Fig. 9.8 In this patient with NF-2 and bilateral VS, the larger
tumor on the left side has been removed and the IAC has been
sealed with fat (single arrows). The smaller tumor on the right
side was followed as this was the only hearing side (double
arrow). On the postoperative T1-weighted contrast-enhanced MR
image (a), the signal intensity on both sides appears similar and
the radiologist suspected a recurrence. However, the T2-weighted
image (b) clearly shows the fat plug

a

b
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Reconstruction of the posterior skull base with
methyl methacrylate is necessary to avoid postoperative
complications, such as pseudomeningocele, or poor a
cosmetic result (Fig.�9.9). It also prevents the formation
of adhesions between the dura and the neck muscles,
and thus may prevent the occurrence of suboccipital
headache [13, 24].

Significant suboccipital headache may be produced
by the formation of scar tissue around the occipital
nerves or by a posttraumatic scar neuroma. Careful ex-
amination of the area around the operative incision usu-
ally reveals a small trigger point, which corresponds to
the area of the scar neuroma. Infiltration with local
anesthesia usually ameliorates the symptoms. If the
pain is persistent and resistant to medication, operative
excision of the scar and the neuroma through a limited
skin incision can be performed with immediate benefi-
cial effect [10].
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10.1 Patient Preparation
and Positioning

After orotracheal intubation of the patient, a central line
is inserted usually via the right internal jugular or sub-
clavian vein with the tip position just before (lateral and
prone positions) or within the right atrium (semisitting
position, SSP). Invasive blood pressure monitoring is
performed throughout the entire procedure via a radial
artery line. Routine monitoring includes electrocardio-
graphy, pulse oxymetry, invasive arterial blood pres-
sure, and urine output. Indications for intraoperative
electrophysiological monitoring (IOM) are large cere-
bellar lesions extending towards the pineal region as
well as lesions close to or infiltrating the fourth ventri-
cle or the medulla oblongata. IOM consists of standard
somatosensory, motor, and brainstem auditory evoked
potentials and cranial nerve monitoring. Direct intra-
operative stimulation is performed during resection of
lesions of the floor of the fourth ventricle.

10.1.1 Semisitting Position

The major concern in the use of the SSP for many neu-
rosurgeons is venous air embolism or paradoxical air
embolism with associated hemodynamic compromise.
Other complications associated with the SSP are ten-
sion pneumocephalus, spinal cord damage with para-

plegia, compressive peripheral neuropathy and cardiac
arrest. However, complications related to positioning
are rare and the authors preferred position for the ma-
jority of lesions in the posterior fossa is the SSP. In the
authors’ institution in all patients a standardized protocol
is applied to prevent air embolism during surgery [1].
The protocol includes preoperative transesophageal
echocardiography examination (TEE), intraoperative
TEE monitoring, catheterization of the right atrium and
a combination of fluid input, positive end-expiratory
pressure (PEEP) ventilation and standardized position-
ing aiming at a positive pressure in the transverse and
sigmoid sinus. Preoperative TEE studies have been per-
formed with the patient in the supine position including
Valsalva maneuver with intravenous echo-contrast
medium to rule out a persistent foramen ovale (PFO).
We then leave the probe in place and place the patient
in the SSP.

Positioning is best achieved by a combination of ad-
justments of the different parts of the operating table
and special cushions. During a first step the legs are el-
evated to obtain an angle of about 45° between the
lower abdomen and hip. The knees are slightly flexed
(30°) but the lower legs still course upwards. The upper
part of the body and the head of the patient are then el-
evated aiming for flexing of the hip to a maximum of
90°. The inclination of the whole operating table can
now be finally adjusted taking care to lower head and
raise the legs such that the feet of the patient are as high
as the vertex (Fig.�10.1). As mentioned above, this ma-
neuver is performed to optimize the position such that
venous pressure is increased to ultimately achieve a
continuous positive venous pressure at the operation
site together with other measures such as fluid input
and PEEP ventilation.
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The head is anteflected and fixed in the head clamp
in a straight position. To avoid venous outflow obstruc-
tion a distance of about 2�cm is left between the chin
and the sternal notch. Care is taken to prevent obstruc-
tion of the airways and ensure access to the epigastric
region. During elevation of the upper part of the body
the anesthesiologist should administer sufficient intra-
venous fluid to prevent systemic hypotension.

After final positioning of the patient the cardiac ul-
trasound probe is turned to give a four-chamber view
and TEE position is checked with intravenous injection
of 0.5�mL air. Fluid input and urine output is monitored
aiming at a 5–12�cm water pressure in the right atrium.
Mechanical ventilation is adjusted to achieve a PEEP
of 5 to 10�mmHg which should be maintained during
the surgical procedure and is adjusted in relation to oc-
cult venous bleeding or in the event of a venous air em-
bolism. A 20-mL syringe is prepared to aspirate air

from the right atrium if venous air embolism occurs.
IOM scalp electrodes can now be placed.

Routine monitoring includes electrocardiography,
pulse oxymetry, invasive arterial pressure, right atrial
pressure and urine output. End-tidal carbon dioxide is
continuously monitored throughout the operation to de-
tect clinically significant venous air embolism. End-
tidal carbon dioxide in combination with TEE is used
as the most sensitive parameter.

Usually a 2–2.5�cm strip is shaved from the inion to
the upper cervical spine and the operative field is pre-
pared and draped.

10.1.2 Lateral Position

Only in patients with a PFO, which is an exclusion cri-
terion for SSP, is a prone or lateral position used. Pa-
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Fig. 10.1 Semisitting position



tients with a PFO are turned to a left lateral position
(Fig.�10.2), which usually means a three-quarter prone
position. Alternatively, which side should to turn down-
wards can be decided according to the pathology. The
head is anteflected and rotated towards the floor and
fixed in the three-pin head-rest clamp to avoid any pres-
sure to the head or motion during surgery.

10.1.3 Prone Position

Some surgeons prefer a prone position for the midline
posterior fossa approach. We usually use the semisitting
and three quarter lateral position to avoid venous con-
gestion and bleeding. In rare cases in small children
with infratentorial tumors the prone position may be an
alternative when sharp head fixation is impossible
(Fig.�10.3).

10.2 Surgical Approaches

10.2.1 Supracerebellar Infratentorial
Approach

10.2.1.1 Indications

The supracerebellar infratentorial approach provides an
excellent view to the pineal region, the posterior third
ventricle, the posterior and posterolateral portion of the
midbrain and the medial superior surface of the cere-
bellar hemispheres. Therefore, this approach might be
chosen for tumors of the pineal region (pineocytoma,
pineoblastoma, pineal cysts) or tumors of the posterior
third ventricle or lesions deriving from the cerebellum
and expanding upwards such as pilocytic astrocytomas
(Fig.�10.4).

10.2.1.2 Technique

The skin incision is always individually adapted to the
pathology but usually extends from about 2�cm above
the inion to the level of the foramen magnum. A galea
periost flap can be dissected as an autologous graft for
dural repair after successful surgery. This is done by
separating the soft tissue from the fascia around the
inion. A Y-shaped incision of the muscles begins at the
superior nuchal line lateral to the external occipital pro-
tuberance on both sides joining 1 to 2�cm below the
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Fig. 10.2 Lateral positioning of a 15-month-old child with a der-
moid of the posterior fossa

Fig. 10.3 The head of this infant is placed in a horseshoe head
holder. IOM electrodes can be placed in small children



inion. The muscles in the neck are dissected strictly in
the midline and suboccipital bone is exposed. Complete
dissection of the foramen magnum is not always nec-
essary and can be avoided in patients with a lesion in
the upper part of the posterior fossa. The burr hole is
placed about 1–2�cm above the inion in the midline.
The bone is sometimes very thick in the midline and
has a wedge shape which can be drilled with a diamond
to carefully expose the dura on both sides. The dura is
dissected from the bone using a dissector and the cran-
iotomy is performed beginning about 1�cm above the
sinus on each side and turning down the craniotomy
about 3–4�cm lateral to the midline. Care is taken not
to injure the transverse sinus, which can cause bleeding.
Craniotomy is extended downward to a level about 1
cm above the foramen magnum. After dissecting the
dura from the bone the flap can be removed (Fig.�10.4).
Especially in older patients, the dura can be very ad-
herent and tear during craniotomy or dissection. The
authors prefer a Y-shaped dura incision, which can be
enlarged at the base laterally depending on the ap-
proached target. Microsurgical dissection above the

cerebellum is performed in the midline or laterally if
large veins are present to approach the lesion. Preser-
vation of veins draining in the vein of Galen is very im-
portant. In some cases the supracerebellar infratentorial
approach can be combined with a supratentorial
transtentorial approach.

10.2.2 Inferior Suboccipital Median
Approach

10.2.2.1 Indications

Lesions of the vermis, the medial part of the cerebellar
hemispheres and the tonsils (metastases), the fourth
ventricle (ependymoma) or pontobulbar region (exo-
phytic brainstem glioma, cavernoma) and around the
foramen magnum (meningiomas in the upper spinal
canal and posterior or posteriolaterally at the foramen
magnum) can be approached via an inferior suboccip-
ital median approach.

154                                                                                                                                                                                                  R. Gerlach and V. Seifert

Fig. 10.4 Large polycystic astrocytoma. a Surgical exposure after midline dissection and craniotomy with bilateral exposure of the
transverse sinus. b The preoperative T1-weighted contrast-enhanced coronal MRI image shows the large tumor with a cystic com-
ponent growing towards the pineal region
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However, this approach is also appropriate for remov-
ing midline cerebellar arteriovenous malformations, to
clip distal posterior inferior cerebellar artery (PICA)
aneurysm or if combined with a laminectomy C1 to
treat Chiari malformation.

10.2.2.2 Technique

A midline skin incision is performed from the inion
down to C2/C3. A monopolar knife is used to split the
superficial and deep muscles of the neck in the mid-
line, which can be extended down to C1 or C2 depend-
ing on the size of the lesion and the extension of the
approach. As described for the superior median ap-
proach the muscles are dissected bilaterally from the
inion in a Y shape. During lateralization of the muscles
in the craniocervical junction care is taken not to injure
the vertebral artery in its course around the lateral part
of the posterior arch of C1. For lesions extending to or
below the foramen magnum the posterior arch of the
lamina C1 and C2 can be drilled off to facilitate a
larger dura opening, which enables the surgeon to have
a better view from below into the fourth ventricle.
Placement of the burr hole is directly on the external
prominence (inion) and a lateral curved craniotomy is

performed bilaterally including the foramen magnum
at the lower end (Fig.�10.5). Alternatively, the rim of
the foramen magnum can be dissected and the cran-
iotomy started from below without placing a burr hole
in the upper part of the planned craniotomy. However,
there might be a risk of damage to the vertebral artery
or the extracranial branching PICA. After craniotomy
the dura is dissected from the bone flap and the flap is
removed. The craniotomy can be enlarged laterally ac-
cording the extension of the lesion and the space
needed for dissection. The dura incision is usually in
the midline in the lower part, but can be Y-shaped in
the upper part and fixed with tack-up sutures. Some-
times a midline suboccipital sinus can be encountered
during opening of the dura but bleeding can be con-
trolled with bipolar coagulation and placement of he-
moclips. After incision of the arachnoidea and opening
the cisterns of the foramen magnum cerebrospinal
fluid is released.

Further dissection can be done in the midline with ex-
tension upwards with splitting of the inferior two-thirds
of the vermis cerebelli or via a velotonsillar approach.

For closure a pericranial or fascial graft or synthetic
dura substitute can be used to achieve water tight clo-
sure if the patient’s own dura is torn or constrict neural
structures.
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Fig. 10.5 Median inferior suboccipital
approach
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Fig. 10.6 Stepwise surgical technique for an inferior suboccipital approach in the case of a subependymoma of the fourth ventricle
in a 20-year-old woman. a After the hair has been shaved the planned skin incision is marked with a pen. An important landmark is
the tip of the mastoid which (TM). The transverse sinus is about two fingers above the tip of the mastoid (longer transverse line).
The skin incision is planned from above the inion down to the spinous process of C3. b The muscles have been dissected in the
midline with a monopolar knife and the posterior arch of C1 (1) and C2 (2) is exposed. A burr hole is place slightly lateral to the left
below the level of the transverse sinus. The blue curved line (black arrow) marks the foramen magnum. c A craniotomy is performed
and the foramen magnum is opened. d After removing the upper part of the posterior arch of C1 the dura is opened in the midline in
a Y-shaped manner and retracted with stitches. e After opening the arachnoid membranes of the cisterna magna the large subependy-
moma is visible between the cerebellar hemispheres below the vermis. f View after complete tumor resection with a broad view to
the floor of the fourth ventricle and the posterior part of the medulla
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10.3 Illustrative Case

Figure�10.6 illustrates the stepwise surgical technique
for an inferior suboccipital approach in the case of a
subependymoma of the fourth ventricle.

Preoperative and postoperative MR images in the
same patient are shown in Figure�10.7. The patient was
operated in a semisitting position. Although the tumor

was very adherent at the floor of the forth ventricle,
the tumor could be completely removed as shown in
Fig. 10.6f and was confirmed by postoperative MRI
(Fig. 10.7d,e). There were no changes of the evoked
potentials during resection and the patient had no post-
operative deficit.

She was discharged home after an uneventful post-
operative course a few days later.
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Fig. 10.7 MR images in the 20-year-old
woman with a subependymoma of the fourth
ventricle. Top row Preoperative images: T2-
weighted axial (a), contrast-enhanced T1-
weighted sagittal (b) and T2-weighted sagit-
tal (c) images show a large hypointense
lesion close to the floor of the fourth ventri-
cle and medulla. Bottom row Postoperative
images: T2-weighted axial (d) and T1-
weighted contrast-enhanced sagittal (e) im-
ages show complete tumor removal
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11.1 Introduction

The middle fossa approach is an extradural subtempo-
ral route consisting of an anterior petrosectomy. The
most relevant indications for the middle cranial fossa
approach are: intradural lesions medial to the trigeminal
nerve and ventral to the internal auditory canal (IAC),
including IAC pathology, mostly in patients with nor-
mal hearing [1–7].

Together with mastoidectomy, retrosigmoid, suboc-
cipital, and supramastoid drilling, the middle fossa ap-
proach is a fundamental step of the combined petrosal
approach useful for exposure of the petroclival area, the
medial cerebellopontine angle, and the posterior cav-
ernous sinus [2, 3, 6, 8]. The most common indications
for the combined petrosal approach are: (1) sphenopetro-
clival tumors, (2) removal of transtentorial (supra- and
infratentorial) extending neoplasms, and (3) verte-
brobasilar aneurysms [1–10].

If this approach is extended anteriorly it becomes
the so-called extended middle fossa approach which is
indicated for: (1) intradural lesions of superior cerebel-
lopontine angle and prepontine clivus (retroclival le-
sions, ventral brainstem tumors and cavernomas); (2)
by-pass at the level of the C6 segment of the internal
carotid artery (ICA) (Kawase’s triangle of the cav-
ernous sinus); (3) cavernous sinus (we use Fukushima’s
nomenclature for the carotid segments, illustrated in
Fig.�11.4, because we think it is easier to remember

owing to the correspondence between the carotid seg-
ment and the cranial nervelesions) [5, 6].

With the aim of simplifying the recognition of all
anatomical structures during this technically demand-
ing approach, on the basis of cadaveric dissections we
developed a simple learning method that we hope will
be useful for young neurosurgeons during their first
middle fossa approaches.

11.2 Description of Technique

The optimal surgical position for the middle fossa ap-
proach is Fukushima’s lateral position, with the head
positioned so that the sagittal plane is parallel to the
floor (Fig.�11.1). Alternatively, the patient is placed
supine, with the head rotated to the contralateral side,
parallel to the floor. These two operative positions are
described in detail in Chapter 8.

A preauricular linear o “lazy S” incision and a small
square craniotomy (about 4×4� cm) with a temporal
groove (Fig.�11.2) [6, 11] are carried out, providing a
working plane parallel to the lateral skull base
(Fig.�11.3). The epidural exposure of the middle fossa
starts with identification and elevation of the “dura pro-
pria”, the key step for dissection and exposure of all
anatomical structures (Fig.�11.4). The “dura propria” is
the dura mater of the temporal lobe, that during the pro-
cedure must be separated from a second layer of dura
covering the trigeminal nerve and gasserian ganglion by
a fatty inner reticular layer. For this reason this approach
is also called the “interdural approach” [10].

In order to avoid severe injuries, at this stage of the
dissection it is very important to locate all anatomical
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structures, especially the C5–C6 tract of the ICA, ac-
cording to Fukushima’s classification (Fig.�11.4), and
the IAC [6, 8, 11]. The middle meningeal artery at the
level of foramen spinosum and the tensor tympani mus-
cle are two important landmarks. Once the middle
meningeal artery has been divided at the level of the
foramen spinosum, it is possible to elevate the dura pro-
pria from the layer close to the bone, both in cadavers
and in patients. At this point it is necessary to identify
the greater superficial petrosal nerve (GSPN), covering
the C6 segment of the ICA. The GSPN arises from the
geniculate ganglion (GG) and runs anteriorly under V3.

At this level it joins with the deep petrosal nerve in the
vidian nerve, which supplies ganglionic fibers to the
lacrimal gland.

At this stage of the dissection, attention and know-
how is required concerning frequent and relevant
anatomical variations. In fact, the GG, the GSPN, and
the C6 segment of the ICA are not always covered by
bone [6, 11]. Absence of bone over the GG occurs in
15–17% of patients and the length of the bony canal
covering the GSPN from the GG ranges from 0 to
7.6�mm (mean 3.8�mm) [11]. In 20% of patients, the
petrous ICA is exposed along the carotid canal because
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Fig. 11.1 Fukushima’s lateral position

Fig. 11.2 Incision and small square cran-
iotomy with temporal groove



of the absence of bone in the roof of the canal [6, 11].
In order to safely localize the GSPN, it usually has to
be searched for just deeper to the posterior border of
V3, half way between the foramen ovale (mean dis-
tance 7.3�mm) and the gasserian ganglion [6, 11]. Iden-

tification of the GSPN at this level is a “key point” that
allows the nerve to be followed posteriorly, toward the
GG and the hiatus fallopii, and over the C6 segment
of the ICA.

Elevation of the dura propria continues to identify
the arcuate eminence (AE) that overlies (although not
always [11, 12]) the superior semicircular canal, the V3
from the foramen ovale to the gasserian ganglion, the
porus trigeminus, V2, and V1. In order to mobilize V2
and V3 safely, decompression of the foramen rotundum
and foramen ovale with the drill is advisable.

The next step of the dissection is the identification
of the so-called “rhomboid fossa” and the location of
the possible position of the IAC. The rhomboid fossa
is a rhomboid-shaped construct of middle fossa land-
marks, and serves as a guide to maximally removing
the petrous apex. It is a bony area delimited by: (a) the
petrous ridge and the superior petrosal sinus (from the
porus trigeminus to the AE), (b) the AE (from the
petrous ridge to the GG), (c) the GSPN (from the inter-
section with the GG and AE to V3), and (d) the poste-
rior border of V3 (from the intersection with the GSPN
to the porus trigeminus) (Fig.�11.5).

Rules for location of the possible position of the
IAC inside the rhomboid fossa have been suggested by
several authors [3, 4, 6, 8, 13] (Fig.�11.6). In our opin-
ion, the method suggested by Cokkeser et al. seems to
be the safest (Sanna’s method) [13]. In their study on
20 temporal bones, the authors evaluated and meas-
ured the medial and lateral ends of the IAC. Measure-
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Fig. 11.3 Middle fossa approach: working plane parallel to the
lateral skull base

Fig. 11.4 Fukushima’s ICA segments and nomenclature [6]. ACh
anterior choroidal artery, fr fibrous ring, GG geniculate ganglion,
gspn greater superficial petrosal nerve, mma middle meningeal
artery, mht main hypophyseal trunk, Ophth ophthalmic artery, OV
foramen ovale, PComm posterior communicating artery, ROT
foramen rotundum, SOF superior orbital fissure, tcm tentorial cav-
ernous membrane, III oculomotor nerve, IV trochlear nerve, V
trigeminal nerve end branches, VI abducens nerve, VII facial nerve

Fig. 11.5 Rhomboid fossa construct [6]. AE arcuate eminence,
C cochlea, GSPN greater superficial petrosal nerve, MMA middle
meningeal artery



Fig. 11.6 Methods of identification of the
internal auditory canal in the rhomboid
fossa [6]. a House’s method: AE arcuate
eminence, GSPN greater superficial pet-
rosal nerve, IAC internal auditory canal.
b Fisch’s method. c Garcia-Ibañez’s
method. d Sanna’s method (medial-to-
lateral direction)

ments were obtained at three levels: (1) the width of
the IAC at the fundus, (2) the width of the IAC at the
porus, and (3) a safe distance around the IAC at the
meatal level. The mean width of the IAC at the porus
level is more than three times that at the level of Bill’s
bar (between GG and AE). The width of the medial
safe area around the IAC is more than seven times the
width of the IAC at the lateral end. Therefore, in order
to obtain quick direct exposure of the IAC without
handling the facial nerve and the inner ear structures,
the authors suggest that the drilling of the roof of the
IAC should be started from the medial safe area
(petrous ridge), continuing the unroofing in the lateral
direction (toward the GG) [13].

With the IAC unroofed, the drilling is continued in
the premeatal (limited anteriorly by V3) and postmeatal
(limited posteriorly by the AE) triangles of the cav-
ernous sinus (Fig.�11.7) until the posterior fossa dura is
reached, taking care to spare the cochlea. A geometric
construct assists in locating the cochlea: it is positioned
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Fig. 11.7 Triangles of the cavernous sinus [6]. 1 anteromedial,
2 medial, 3 superior, 4 lateral, 5 posterolateral, 6 posteromedial,
7 posteroinferior, 8 premeatal, 9 postmeatal, 10 anterolateral,
11 farlateral

a b

c d

GSPN
AE

IAC



in the corner between the GG, GSPN and IAC, about
4–5�mm under and anterior to the GG, and medial and
posterior to the C6 segment of the ICA, at about 1�mm
from the carotid genu between C6 and C7 (vertical in-
trapetrous ICA) [6].

At this point, maximal bone removal is extended in-
feriorly, beyond the inferior petrosal sinus to reach the
clivus, and anteriorly under the gasserian ganglion, fol-
lowing the ICA as far as the petrous apex (extended
middle fossa approach) [6]. The dissection inside the
cavernous sinus triangles and in proximity to the su-
perior orbital fissure allows visualization of V1, III and
IV cranial nerves and, close to the C4 segment of the
ICA, the VI cranial nerve.

Both in cadaver dissection and in patients without
an intracavernous tumor, it is possible to follow the ab-
ducens nerve that runs close to the inferior petrosal
sinus inside Dorello’s canal, from the posterior petro-
sphenoidal and Gruber’s ligaments to the superior or-
bital fissure [2, 3, 5, 6, 9–11].

11.3 Cadaver Head Study
and Technical “Tricks”

The study was performed in the Skull Base Microdis-
section Laboratory of Anspach Company in West Palm
Beach (FL), in the Carolina Neuroscience Institute for
Skull Base Surgery Temporal Bone Laboratory
(Raleigh, NC), in the University of Morgantown Skull
Base Microdissection Laboratory (WV), and in the II

Faculty of Medicine of the University of Roma “La
Sapienza” Temporal Bone Laboratory (Sant’Andrea
Hospital, Rome, Italy), during single dissections and
skull-base courses.

Dissections of 15 fixed human cadaver heads and 20
isolated temporal bones were performed to yield 50
sides studied. As described in a previous article [8], in
order to identify and scheletonize all nervous, vascular,
fibrous, and osseous structures contained in this lateral
skull-base approach, two fans bordering each other at
an angle of 90° can be schematically identified
(Fig.�11.8) [8]. The base of posterior fan can be consid-
ered the GG, and the base of anterior fan the gasserian
ganglion. Proceeding in posterior–anterior and medial–
lateral directions, the rays of the posterior fan are: the
AE, the IAC, the cochlear line (an ideal line passing
through the cochlea), and the GSPN. It is very impor-
tant to remark that cochlea lies in a plane deeper than
the IAC and GSPN, in front of the “genu” (loop) be-
tween the C6 and C7 segments of the ICA [6]. Proceed-
ing in posterior–anterior and lateral–medial directions,
the rays of the anterior fan are: third (V3), second (V2),
and first (V1) branches of the trigeminal nerve, and the
petrous ridge. The two fans border the rhomboid fossa
in the following way: (1) GSPN–V3 junction; (2) lat-
eral edge of the porus trigeminus; (3) intersection of
the petrous ridge and the AE; and (4) intersection of the
GSPN and the AE [3, 4, 6, 8].

In order to remember the different segments of the
ICA, according to Fukushima’s classification [6], the
C6 segment of the ICA lies under the GSPN, C5 under
the fifth cranial nerve (V2–V3), and C3–C4 under the
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Geniculate
ganglion

TTM

CBB GSPN

Cochlear
line

MMA

Petrous ridge

Gasserian
ganglion

Left side
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IAC

C6 C5cg 6-7

SVN VII
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Fig. 11.8 Schematic drawing of the “rule
of two fans”. Vascular, nervous, fibrous,
and osseous structures are localized
within two bordering fans (posterior and
anterior) positioned at an angle of 90°.
Posterior fan: the GG is the base. The rays
of the fan are: the arcuate eminence (AE),
the IAC, the cochlear line (an ideal line
passing through the cochlea), and the
greater superficial petrosal nerve (GSPN).
Anterior fan: the gasserian ganglion is the
base. The rays of the fan are: V3, V2, V1,
and the petrous ridge. MMA middle
meningeal artery, SVN superior vestibular
nerve, TTM tensor tympani muscle
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oculomotor (third) and trochlear (fourth) nerves (close
to the superior orbital fissure).

11.4 Conclusions

When performed properly, this technique provides a
solid adjunct to treating complex skull-base lesions. Al-
though the anatomical landmarks of the lateral skull

base are well known, the simple rule and tricks that we
propose aim to simplify the recognition of vascular,
nervous, osseous, and fibrous structures during the mid-
dle fossa dissection and approach.

The cochlea, labyrinth, ICA, and cranial nerves five
through eight are all at risk during drilling and dissec-
tion [3, 6–8]. Therefore, practicing this technique in the
cadaver laboratory is a mandatory prerequisite to its
clinical performance in patients for all neurosurgeons,
especially those unfamiliar with this approach.
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12.1 Introduction

The objective of transtemporal surgery is wide skull-
base exposure obtained by precise anatomic manage-
ment of the temporal bone. These techniques involving
the collaboration of neurotologists and neurosurgeons
provide ample surgical exposure and minimize brain
retraction during access to posterior and lateral skull-
base lesions. The transpetrosal surgical routes can be
classified broadly into anterior and posterior. The pos-
terior transpetrosal approaches include the retro-
labyrinthine, translabyrinthine and transcochlear,
whereas the anterior approaches are extensions of the
basic middle fossa approach. The posterior approaches
are based on the standard mastoidectomy, and involve
resection of the otic capsule to various degrees which
provides the most direct route to the internal auditory
canal (IAC) and the cerebellopontine angle (CPA) with-
out the need for brain retraction.

12.2 Translabyrinthine Approach

The translabyrinthine approach provides wide and di-
rect access to CPA tumors with minimal cerebellar re-
traction. The versatility of this approach for both large
and small tumors makes it very popular for resection
of acoustic neuromas [1-6]. A significant advantage of
the translabyrinthine approach is that it permits positive

identification of the facial nerve, lateral at the fundus,
and medial at the brainstem. Additional advantages of
this exposure include complete lateral exposure of the
IAC, including the vestibule. The disadvantage of this
approach is that hearing cannot be preserved. Realisti-
cally, however, preservation of useful hearing in tumors
greater than 2.0�cm in the CPA is unlikely.

The translabyrinthine approach is applicable to CPA
and IAC lesions of all sizes, especially in patients with
poor hearing. While the approach was popularized for
acoustic neuromas [1-6], it is suitable for any neoplasms
requiring exposure of the CPA, including meningiomas
[5, 7-9], nonacoustic neuromas, gliomas, and skull-base
chondrosarcomas. It can be used to access lesions lo-
calized more medially, towards the clivus, beyond the
VII/VIII nerve complex. It can also be combined in
varying degrees with other skull-base approaches such
as subtemporal transtentorial routes for lesions involv-
ing the entire length of the clivus [10, 11] or with tran-
scervical dissection for jugular foramen lesions with
superior and inferior extension. In patients without
functional hearing, the translabyrinthine approach is
also useful for facial nerve decompression, facial nerve
tumors, and vestibular neurectomy.

12.2.1 Surgical Technique

12.2.1.1 Anatomical Landmarks

Knowledge of temporal bone anatomy is essential to
identify external features during surgical exposure and
also in gaining three-dimensional orientation [12-13].

At our institution we currently use virtual reality
technology to teach neurosurgeons the visuospatial
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skills required to navigate through a transpetrosal ap-
proach (Fig.�12.1). This technology now permits the
computed 3-D images obtained from cadaveric dissec-
tions and diagnostic imaging to be manipulated with an
intuitive immediacy similar to that of real objects, and
by engaging other senses, such as touch and hearing,
to enrich the simulation [15] (Fig.�12.2).

Temporal bone surgery is based upon landmarks.
Landmarks should always be identified before cutting

and should always be preserved until other landmarks
are located at deeper levels.

There are several bony landmarks, readily palpable
through the skin overlying the occipital and mastoid
areas, which are helpful to the surgeon in planning the
approach.

Externally, the external auditory meatus, the mastoid
tip, the root of the zygoma, and the external occipital
protuberance must be identified first. The transverse
sinus lies deep to the superior nuchal line, between the
inion and the asterion. The asterion, defined by the con-
vergence of the lambdoid, occipitomastoid, and pari-
etomastoid sutures typically overlies the transverse
sinus–sigmoid sinus junction. The suprameatal spine,
or Henle’s spine, is a small bony prominence that is lo-
cated at the posterosuperior rim of the external auditory
meatus and is useful as a guide in exposing the incus.

In the inferior portion of the mastoid, the digastric
ridge constitutes an important landmark in locating the
facial nerve at the stylomastoid foramen. The ridge is
formed by the impression of the digastric groove,
which houses the origin of the posterior belly of the di-
gastric muscle. This ridge leads directly to the stylo-
mastoid foramen.

The internal anatomy of the mastoid bone is largely
composed of air cells. These air cells communicate with
the middle ear cavity via the mastoid antrum. Opening
the mastoid antrum exposes deeper anatomical struc-
tures. The sinodural angle begins at the convergence of
the middle fossa plate dura and the sigmoid sinus. It con-
tinues forward to the antrum. In this angle the superior
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Fig. 12.1 Position of the patient for a translabyrinthine approach
in the virtual reality module at the Cornell University Microneu-
rosurgery Skull Base Laboratory

Fig. 12.2 Computed 3-D images obtained from cadaveric dissections and diagnostic imaging are imported into computer simulation
modules to be manipulated with an intuitive immediacy similar to that of real objects. a 3-D reconstruction of the intracranial view
of the temporal bone. b Subtraction of bone reveals the intrapetrosal anatomical structures from the same perspective

a b



petrosal sinus joins the transverse sinus–sigmoid sinus
junction. The fallopian canal houses the facial nerve. It
runs on the anterior wall of the petrous bone, approxi-
mately 12 to 15�mm deep to the auditory meatus. The
canal runs parallel to, and below, the lateral semicircular
canal for a short distance before turning downward. The
corda tympani exits the nerve in the fallopian canal at
the level of the external auditory canal and travels at an
acute angle to the nerve into the tympanic cavity.

The nerve is surrounded by a nerve sheath in its
course inside the fallopian canal. The sheath merges
with the periosteum of the stylomastoid foramen at its
exit for the mastoid tip at the level of the digastric
groove. The retrofacial air cells comprise part of the
petrous bone between the fallopian canal and the pre-
sigmoid dura. This space houses the jugular bulb. The
labyrinth lies in denser, harder bone, medial to the tym-
panic cavity posterior to the cochlea and to the internal
acoustic meatus, anterior to the mastoid air cells, and
immediately underneath the superior surface of the
petrous bone.

The axes of the anterior and posterior canals are at
right angles to each other (Fig.�12.3). The horizontal
semicircular canal is plainly seen in the open antrum,
oriented in the axial plane. The ascending limb of the
posterior semicircular canal joins the posterior limb of
the superior semicircular canal to form the common
crus. The vestibule is the middle part of the bony
labyrinth and lies medial to the tympanic cavity, poste-
rior to the cochlea and anterior to the semicircular
canal. It contains the utriculus and sacculus of the

membranous labyrinth and it is an important surgical
landmark as its anterior wall is the last bone structure
in the process of exposing the posterior wall of the in-
ternal acoustic meatus.

The cochlea is the most anterior part of the
labyrinth, lying anterior to the vestibule, anterior to the
tympanic portion of the facial nerve, and medial to the
genu of the intrapetrous carotid artery.

12.2.1.2 Patient Positioning

The patient is placed supine with the ipsilateral shoul-
der elevated and the head turned to the opposite side in
order to position the mastoid surface at the highest
point (Fig.�12.4). Electromyographic intraoperative fa-
cial nerve monitoring is necessary in every transpet-
rosal approach. Perioperative antibiotics are continued
for 48 hours, and steroids are used if there is evidence
of brainstem compression. Hyperventilation is usually
sufficient for brain relaxation.

12.2.1.3 Incision

A C-shaped scalp incision is started above the pinna of
the ear. It curves posteriorly and inferiorly behind the
body of the mastoid and ends below the mastoid tip.
The incision is carried directly down the bone. The
scalp flap is elevated and retracted anteriorly. During
flap elevation, emissary veins are divided and bleeding
controlled with bone wax.

12.2.1.4 Superficial Bone Removal

Using a large, high-speed cutting burr and continuous
suction/irrigation the cortex over the mastoid bone is
removed in a systematic, progressive fashion with the
deepest portion of penetration in the triangle of
Macewen, which is the area of mastoid behind the spine
of Henle and which actually overlies the mastoid
antrum. The cortical dissection proceeds from the pos-
terior aspect of the external auditory canal to a line 1–
2�cm behind the sigmoid sinus. The superior limit of
the dissection corresponds to a line extending from the
zygomatic root to the asterion.

12.2.1.5 Sigmoid Sinus Skeletonization

As the cortical bone is removed, air cells will be
opened. Posteriorly the sigmoid sinus is uncovered. The

12 Translabyrinthine and Transcochlear Petrosal Approaches 167

Fig. 12.3 Anatomical view of the semicircular canals and their
relationships with the tympanic membrane, the incus, and the
tympanic portion of the facial nerve



sigmoid sinus generally appears in the posterior portion
of the dissection as a blue discoloration of smooth dural
bony plate. Thinned dural plate can usually be identi-
fied by a change in the sound of the burr vibrating on
it. Once the sigmoid sinus has been located, the area
between the sigmoid and the middle fossa plate, or the
sinodural angle, can be fully evacuated of air cells. It
is always advisable to leave a thin depressible shell of
bone over the sinus to protect the sinus from inadver-
tent injury while continuing the dissection towards
deeper targets (Fig.�12.5).

12.2.1.6 Middle Fossa Dura Exposure

Once skeletonizing of the sigmoid sinus is completed,
mastoid air cells are removed anteriorly and superiorly
to expose the middle fossa dura (Fig. 12.5). Exposing
the middle dura is critical for best possible access into
the antrum and epitympanic areas. Once the heavier
bone is removed, thinning can be performed with a di-
amond tip, which results in less bleeding and less risk
of lacerating the dura. Subsequently, the air cells sur-

rounding the inferior segment of the sigmoid sinus and
the digastric ridge are removed. When adequate cortical
removal has been accomplished, a kidney bean-shaped
cavity will result extending from the mastoid tip infe-
riorly to the sinodural angle superiorly, to the posterior
bony canal anteriorly (Fig.�12.5). The next most impor-
tant landmark is the posterior wall of the external canal
and the mastoid antrum.

12.2.1.7 Opening the Antrum

The next step is opening the mastoid antrum in the su-
perior portion of the exposure. The antrum lies imme-
diately below the deepest point of penetration into the
temporal bone posterior to the spine of Henle and the
zygomatic root. By keeping the external canal wall
bone thin and avoiding the nearby middle fossa dura,
progressively deeper penetration will reveal the antrum.
Normally the antrum can be identified as a larger air-
containing space, at the bottom of which lies the basic
landmark of the hard labyrinthine bone of the horizon-
tal semicircular canal (Fig.�12.5).
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Fig. 12.4 The patient is placed supine with the ipsilateral shoulder elevated and the head turned to the opposite side so that the
mastoid surface is at the highest point



12.2.1.8 Labyrinth Exposure and Isolation

Exposure should be carried anteriorly until the entire
length of the lateral semicircular canal is visible in the
medial wall of the antrum, thus revealing the short
process of the incus. Identification of the horizontal
semicircular canal allows exposure of the fossa incudis,
the epytimpanum anteriorly and superiorly, and the ex-
ternal genu of the facial nerve medially and inferiorly

(Fig.�12.6). By removing cells between the horizontal
canal and the sinodural angle, the hardest bone of the
body, the so- called “hard angle”, which is part of the
otic capsule, may be encountered.

At this stage, the posterior fossa dura between the
sigmoid sinus and the labyrinth is uncovered, and the
tegmen mastoideum and tympani are removed. Inferior
to the posterior canal, the posterior fossa dural plate
overlies the endolymphatic sac. The sac is located in a
thickened portion of the posterior fossa dura, medial to
the sigmoid sinus and inferior to the posterior canal.
The exact location of the sac, which varies, is usually
identified by the presence of thickened white dura
(Fig.�12.7). The middle fossa dura is skeletonized and
the bone in the sinodural angle is completely removed
(Fig.�12.6).

12.2.1.9 Identification of the Incus

The fossa incudis is most easily identified by removing
bone in the zygomatic root overlying the antrum
(Fig.�12.6). The superficial landmark for the incus is
the spine of Henle. By drilling deeper, to thin the pos-
terior bony wall of the external canal at the level of the
spine of Henle, the incus is exposed.

12.2.1.10 Facial Nerve Dissection

In large tumors, or for targets located toward the clivus,
the vertical segment of the facial nerve is also skele-
tonized to facilitate exposure of the anterior CPA. The
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Fig. 12.5 The sigmoid sinus and the middle fossa dural plate
have been skeletonized; the antrum is identified as a larger air-
containing space

Fig. 12.7 The endolymphatic sac is located in a thickened por-
tion of the posterior fossa dura, medial to the sigmoid sinus, and
inferior to the posterior semicircular canal

Fig. 12.6 The facial nerve is skeletonized distally along its de-
scending portion in the mastoid to the stylomastoid foramen. The
posterior bony wall of the external acoustic canal has been
thinned, and the sinodural angle completely skeletonized. Note
that the vertical segment of the facial nerve, the incus, and the
lateral semicircular canal all lie in the same surgical plane



facial nerve is normally localized inferior and slightly
medial to the horizontal semicircular canal by thinning
the posterior canal wall bone and carefully removing
bone in the facial recess area. The facial recess area is
delineated by the fossa incudis, the chorda tympani,
and the facial nerve. Dissection of the facial recess be-
gins by identifying the external genu, or the descending
portion of the facial nerve in the mastoid cavity. Gen-
erally, this dissection is accomplished with a cutting
burr until a change in bone character is identified. Fur-
ther dissection is performed with a diamond burr, and
profuse irrigation is used to prevent frictional heating
of the nerve. A thin shell of bone is left on the facial
nerve. Identification of a facial recess cell tract is often
possible by thinning the posterior wall of the external
canal (Fig.�12.6). Care must be taken not to perforate
the canal wall, disrupt the chorda tympani, or transect
the annulus.

Once the facial sheath is safely identified, the nerve
is skeletonized distally along its descending portion in
the mastoid to the stylomastoid foramen (Fig.�12.6). As
the stylomastoid foramen is approached, the periosteum
of the digastric muscle will blend with the sheath of the
facial nerve. Inferiorly the chorda tympani nerve is de-
tected as it leaves the facial nerve. The chorda tympani
nerve joins with the tympanic membrane anteriorly and
laterally at the annular edge. The nerve is further ex-
posed medial to its external genu into the facial recess.
This exposure allows visualization of the horizontal por-
tion of the nerve (Fig.�12.3). The incus, already exposed,
can be disarticulated from the stapes in order to better
visualize this portion of the nerve (Fig.�12.8). With the
fallopian canal defined, the remaining (retrofacial) air
cells between the facial nerve and the jugular bulb are

removed. Removal of these air cells extending from the
mastoid into the middle ear will result in skeletonization
of the lateral portion of the jugular bulb (Fig.�12.7).

12.2.1.11 Labyrinth Dissection

At this point, the sinodural angle must be completely
drilled out to provide adequate exposure of the area of
the vestibule later. The middle fossa plate has to be
thinned completely to provide access to the superior
semicircular canal. These maneuvers will result in com-
plete isolation of the labyrinthine complex.

The first portions of the labyrinth to be removed are
the upper part of the posterior semicircular canal and
the superior aspect of the lateral canal. The labyrinthec-
tomy is then deepened to open, and then remove, the
superior semicircular canal. The subarcuate artery usu-
ally penetrates the hard labyrinthine bone in the center
of the circle inscribed by the superior canal. The dis-
section further advances into the horizontal semicircu-
lar canal and care must be exercised when working on
the anterior edge of the lateral canal not to injure the
exposed tympanic segment of the facial nerve. The an-
terior wall of the horizontal canal is preserved to protect
the horizontal portion of the facial nerve until further
thinning over the facial nerve becomes necessary to ex-
pose more of the vestibule. All three semicircular canals
must be opened and the common crus exposed. Subse-
quently, the common crus is followed until it enters the
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Fig. 12.8 The incus can be disarticulated from the stapes in order
to better visualize the horizontal portion of the facial nerve

Fig. 12.9 Translabyrinthine approach, final dural exposure. The
internal auditory canal is exposed through 270° of its circumfer-
ence, the middle and posterior fossa dural plates have been com-
pletely skeletonized, and the sigmoid sinus and the jugular bulb
have been fully exposed



vestibule. The endolymphatic aqueduct is severed at its
operculum, and the vestibule is opened widely. In ap-
proaching the internal auditory canal, it must be kept
in mind that the anterior wall of the vestibule represents
the posterior wall of the canal. Drilling at this level will
expose the internal auditory canal fundus, where the
nerve enters the inner ear structures. The internal audi-
tory canal lies in the bone deep to the labyrinth. The
canal is initially identified in its midsection and towards
the porus acusticus. The internal auditory canal must
be exposed through 270° of its circumference to
achieve proper dural exposure. Troughs are drilled
above and below the canal, parallel to its long axis.
Bone is removed along the posterior petrous face me-
dial to the porus acusticus and inferiorly between the
IAC and the jugular bulb revealing the dura overlying
the ninth nerve (Fig.�12.9). The final step to complete
the exposure of the internal auditory canal is excavation
of the fundus until the transverse crest separating the
superior and inferior vestibular nerves is exposed.

12.2.1.12 Dural Incision

The internal auditory canal is so exposed through 270°
of its circumference and the surrounding dura com-
pletely uncovered (Fig.�12.9). The presigmoid dura is
incised at the lateral sinodural angle towards the porus
acusticus. A second limb of the incision is made in a
perpendicular fashion, crossing the first limb near the
porus acusticus. The arachnoid space is sharply opened
using microscissors. If cerebrospinal fluid has to be re-
leased, the cisterna magna should be entered at this
point by dissecting between the lower pole of the tumor
and the nerves of the jugular foramen. The size of the
dural opening may be tailored to meet the amount of
opening necessary to adequately expose the tumor.

This standard translabyrinthine exposure can be ex-
tended by removing bone above and below the internal
auditory canal until the lateral aspect of the clivus is
reached, thus improving the surgical view anteriorly
into the prepontine cistern. The superior vestibular
nerve is transected by placing an angled instrument ad-
jacent to Bill’s Bar and reflecting the superior vestibu-
lar nerve inferiorly. Sharp and blunt dissection can pro-
ceed with scissors and angled hooks without placing
traction on the facial nerve. In large tumors CPA expo-
sure is necessary. The dural opening at the completion
of the translabyrinthine approach reveals the contents
of the internal auditory canal and the CPA (Fig. 12.10).
Posterior fossa exposure extends from the tentorium

above to the IX–X cranial nerve complex inferiorly, af-
fording exposure to the lateral aspect of the pons and
upper medulla. The translabyrinthine approach also af-
fords good visualization of lesions extending toward
the clivus and the midline, although exposure is some-
what limited by the presence of the VII–VIII cranial
nerve complex (Fig.�12.10).

12.2.1.13 Closure

At the end of the approach (the incus has already been
removed, and the facial recess opened), after transect-
ing the tensor tympani tendon, the eustachian tube and
antrum are filled with small pieces of Surgicel and tem-
poralis muscle. Strips of fat, previously harvested from
the abdomen or hip are then laid into the craniotomy
defect to obliterate the dead space. The wound is closed
in layers, and a compression dressing is kept in place
for four postoperative days.

12.3 Transcochlear Approach

While the translabyrinthine approach offers wide ex-
posure of the CPA, the cochlea, the petrous apex and
the VII–VIII nerve complex, access to the anterior as-
pects of the CPA and the ventral brainstem is blocked.
Modifications for improved anterior exposure, espe-
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Fig. 12.10 After opening the dura, the posterior fossa exposure
extends from the tentorium above to the lower cranial nerve infe-
riorly, affording exposure to the lateral aspect of the pons and the
upper medulla. Anterior exposure toward the clivus is somewhat
limited by the presence of the VII–VIII cranial nerve complex



cially for petroclival lesions, and for vascular lesions
of the mid-portion of the basilar artery, are the
transcochlear modifications of the translabyrinthine ap-
proach. These approaches have been modified from
their original description, and now represent a spectrum
of transcochlear approaches to the ventral brainstem,
beginning with the transotic and extending to the true
transcochlear, with the widest exposure being the total
petrosectomy [16-21]. All of these approaches, by def-
inition, remove the cochlea following a translabyrin-
thine approach to extend the exposure anteriorly. The
distinction between the transotic and the transcochlear
dissections is that the facial nerve remains in situ (al-
though skeletonized) in the transotic approach, while
the nerve is transposed posteriorly in the transcochlear
approach [22]. The transcochlear approach combines
the translabyrinthine dissection with removal of the
cochlea; however, wide access to the anterior CPA is
provided by posterior transposition of the facial nerve.
Thus, the exposure extends from the sigmoid sinus pos-
teriorly to the petrous carotid artery anteriorly. By
rerouting the facial nerve and exenterating the entire
otic capsule, petrous apex, and lateral aspect of the
clivus, an unobstructed view of the ventral aspect of the
pons is obtained (Fig.�12.16). The principal indications
for this approach are large petroclival meningiomas,
epidermoids, extensive glomus jugulare tumors, tem-
poral bone malignancies, and aneurysms of the mid-
portion of the basilar artery [19, 22, 24-26].

12.3.1 Surgical Technique

The initial mastoidectomy and facial nerve dissection
are performed in the same fashion as in the
translabyrinthine approach (Figs.�12.1 to 12.10). The
internal auditory canal is also skeletonized as in the
translabyrinthine approach. With a medium cutting
burr, the posterior wall of the external auditory canal is
removed, opening the middle ear cavity. The ossicles
and tympanic membrane are removed. The descending
portion of the facial nerve is decompressed. An essen-
tial element of the transcochlear approach is to open
the fallopian canal without injuring the facial nerve.
The same surgical techniques as in the translabyrinthine
approach are used to localize and expose the facial
nerve in its tympanic and fallopian segments. During
the initial stages of the dissection, a cutting burr rapidly
locates the nerve, leaving a thin bony covering in place.
A diamond burr is then used to partially remove the last

eggshell-thin bone from the epineurium. Once the en-
tire horizontal and descending portions of the nerve
have been exposed, the remaining egg-shell-thin bone
is gently peeled off the sheath of the facial nerve using
any thin, sharp pick tool. Elevation of the facial nerve
from its bony channels proceeds from inferior to supe-
rior. The chorda tympani is transected sharply. With a
small diamond burr, the tympanic portion of the facial
nerve is skeletonized to the geniculate ganglion.

The anterior aspect of the ganglion is exposed to
visualize the greater superficial petrosal nerve which
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Fig. 12.11 Transcochlear approach. The tympanic portion of the
facial nerve is skeletonized to the geniculate ganglion; the greater
superficial petrosal nerve is sectioned at its origin from the gan-
glion, permitting posterior displacement of the nerve

Fig. 12.12 Transcochlear approach. Anatomosurgical view of
the entire intrapetrosal course of the facial nerve completely
skeletonized. Note the relationship of the nerve to the jugular
bulb and to the intrapetrous carotid artery



is sectioned at its origin from the ganglion, permitting
posterior displacement of the nerve (Fig.�12.11). Ele-
vation of the tympanic segment requires transection
of the facial nerve to the stapedius muscle. The dura
of the internal auditory canal is opened and the facial
nerve is separated from the vestibulocochlear com-
plex. The eighth nerve (cochlear and both vestibular
branches) is transected. After the necessary amount of
sharp arachnoid dissection the facial nerve is reflected
out of its position in the internal auditory canal and
fallopian canal (Figs.�12.11 and 12.12) and transposed
posteriorly (Fig.�12.13). For the remainder of the pro-
cedure the nerve is kept out of the surgical field cov-
ered with a moistened Telfa strip and a nerve retractor.
With the facial nerve out of the field, using a medium
diamond burr, the basal turn of the cochlea is opened.
The cochlea is located directly below the geniculate
ganglion, surrounded by compact bone, and is re-
moved by drilling anteriorly (Fig.�12.14).

Anteriorly, a thin wall of bone separates the cochlea
from the intrapetrous carotid artery (jugulocarotid
spine). Removal of this thin wall of bone exposes the
genu of the intrapetrous carotid artery (Fig.�12.13).
Once the intrapetrous carotid artery is localized and
partially exposed, the petrous apex is removed. The su-
perior limit of the exposure will be the dural-periosteal
lining of Meckel’s cave. Inferiorly, the jugular bulb
will form the bottom portion of the exposure. Bone re-
moval progresses medially to the clivus, working in a
surgical corridor defined by the two petrosal sinuses,
inferior and superior (Fig.�12.15). Typically, diffuse

venous oozing is encountered from the clival bone
marrow and can be controlled with bone wax and Sur-
gicel packing.

Dural incision is superficially similar to that in the
translabyrinthine approach. Medial to the porus acusti-
cus, a Y-shaped incision opens the dura over the apical
petrous bone (Fig. 12.16).

The advantage of this approach as compared to the
translabyrinthine approach is that the exposure in-
cludes, in addition to the contents of the CPA, an un-
obstructed view to the lateral and anterior faces of the
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Fig. 12.14 Transcochlear approach. With the facial nerve out of
the field, using a medium diamond burr, the basal turn of the
cochlea is opened

Fig. 12.13 Transcochlear approach. The facial nerve has been
transposed posteriorly and the cochlea removed, thus exposing
the genu of the carotid artery. Once the intrapetrous carotid artery
is localized and partially exposed, the petrous apex is removed

Fig. 12.15 Transcochlear approach. Bone removal progresses
medially to the clivus. The petrous apex is removed working in
a surgical corridor defined by the two petrosal sinuses, inferior
and superior



pons, to the basilar artery and both the sixth nerves
(Fig.�12.16). The cost of such wide exposure, however,
is that posterior transposition of the facial nerve results
inevitably in temporary facial paralysis that produces
some degree of aberrant regeneration (usually House-
Brackmann grade 3).

Closure is similar to that in the translabyrinthine ap-
proach, except that the external auditory canal must be
sutured closed and the eustachian tube obliterated.
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Fig. 12.16 Transcochlear approach. The final dural incision of-
fers the same exposure of the CPA as in the translabyrinthine ap-
proach with the advantage of the added unobstructed view of the
lateral and anterior faces of the pons, the basilar artery, and both
sixth nerves
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13.1 Introduction

The region of the craniocervical junction is the site of
various pathological lesions. Due to the complex topo-
graphical anatomy, performing surgery within this area
requires great experience and knowledge in both spinal
and skull-base anatomy. The most frequent tumors lo-
cated within the craniocervical junction area are menin-
giomas. These lesions may occur in a great variety of
appearances in terms of histological type, size, exten-
sion, insertion, vascularity, invasiveness, involvement
of the vertebral artery, and growth pattern. Accordingly,
the surgical removal of such tumors must be adequately
adapted to all these variations. Apart from menin-
giomas, we have also treated a number of other lesions
within this area such as neurinomas, ependymomas, he-
mangioblastomas, etc. 

Generally, when discussing surgery of the cranio-
cervical junction area, mainly those pathological le-
sions that originate between the lower third of the
clivus and the superior rim of the C2 vertebral arch are
considered. However, many lesions, including ex-
tradural pathology (tumors, granulomas, etc.), may ex-
tend beyond these boundaries, requiring a more exten-
sive procedure. The majority of craniocervical lesions
are located predominantly posterior or posterolateral to
the lower brainstem and upper cervical cord; neverthe-
less, quite a number of tumors and vascular lesions are
found anterior or anterolateral to the neuraxis. The for-
mer lesions may easily be accessed by the traditional

posterior approach comprising a median suboccipital
craniotomy that includes opening of the posterior fora-
men magnum and, depending upon the size and extent
of the lesion, sometimes also including a C1 or even a
C2 laminectomy. The latter lesions cannot adequately
be accessed by this standard posterior approach without
the risk of injuring the neuraxis or the rootlets of the
lower cranial nerves. These lesions can best be ap-
proached via the dorsolateral access route that includes
a special design and is the topic of the present chapter.

13.2 Review of the Literature

Seeger was the first to describe a dorsolateral approach
to the vertebrobasilar junction and to use the term
“transcondylar” in the present context [1]. Tradition-
ally, the midline posterior approach was used to expose
most intradural lesions located lateral or posterior to
the neuraxis at the cervicomedullary junction. Being
associated with significant disadvantages, the direct
transoral approach to intradural pathology of the fora-
men magnum region has not gained wide acceptance.
Instead, multiple variations of the suboccipital ap-
proach were elaborated and published in the 1980s and
early 1990s [2–10]. George and Laurian advocated the
lateral enlargement of the usual posterior opening [4].
This exposure requires control of the vertebral artery
and sigmoid sinus. For further enlargement, medial
transposition of the vertebral artery and transection of
the sigmoid sinus with inferior petrosal resection are
necessary.

Heros described in 1986 a modification of the uni-
lateral suboccipital approach with extended bone
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drilling [6]. His technique entails an extreme lateral re-
moval of the rim of the foramen magnum towards the
condylar fossa and the posterolateral removal of the at-
lantal arch towards the exposed vertebral artery. This
approach was recommended for aneurysms of the ver-
tebral artery and as an access route to the ventral sur-
face of the brainstem with an inferolateral view. The
exposure requires gentle upward and medial retraction
of the tonsil, but no retraction of the medulla. In 1990
and 1991, Sen and Sekhar added the so-called “ex-
treme” to the lateral approach by partially drilling the
condyle to yield a wider angle [8, 9]. A similar tech-
nique with condylar drilling was almost simultaneously
reported by Bertalanffy and Seeger [2], Menezes [7]
and Spetzler and Grahm [10]. 

In the following years technical improvements and
refinements were obtained by systematic anatomical
dissections and from increased clinical input, and the
results were published by several skull-base groups
[11–21]. Morphometric and comparative studies of var-
ious bone resections as well as stability studies have in-
creased our understanding of these access routes [10,
13, 14, 19]. The necessity for partial condylar resection
has been widely discussed, leading to the conclusion
that the final individual decision should be mainly
based on the origin of the lesion. Thus, cadaveric dis-
sections and clinical publications have encouraged a
number of skull-base centers to adopt this extended
transcondylar approach for lesions of the anterior or an-
terolateral cervicomedullary junction [22–24, 26–36]. 

Instability through partial condylar resection has
only rarely been mentioned (for example, in 2 out of
23 series of foramen magnum meningioma [26]). Both
series were small (comprising a total of 13 patients)
and gave only few technical details. None of the 330
patients from the remaining 21 published series
showed instability that would have required stabiliza-
tion. In addition to the well-established indication for
foramen magnum meningiomas [4, 23, 26, 29, 30, 34]
including pediatric cases [31], the transcondylar ap-
proach has also been found advantageous for ex-
tradural lesions [22, 36], vascular lesions [24, 35],
upper cervical spine tumors [6, 22], and various other
tumors [4, 26, 30, 31, 33]. Recently, Bruneau and
George have reported a classification system that helps
anticipate the lateral extent of drilling in relation to the
lower cranial nerves when operating on foramen mag-
num meningiomas. Their paper summarizes the
knowledge gained over three decades by a very expe-
rienced skull-base group, and provides a valuable re-
view of the literature [26].

13.3 Microsurgical Anatomy

At first glance, the anatomy of the craniocervical junc-
tion appears quite complicated (Fig.�13.1). This area
comprises muscles, vascular and bony structures of the
skull base and the first two cervical vertebrae, the at-
lantooccipital and atlantoaxial joints, the dura mater, the
neuraxis, the rootlets of the caudal cranial nerves and
superior cervical nerve roots, and a number of arachnoid
membranes. Detailed descriptions of the craniocervical
anatomy are available and may serve as valuable refer-
ences to those working in this area [3, 18, 21]. However,
the best knowledge concerning the craniocervical
anatomy is obtained from anatomical dissections per-
formed in the neuroanatomical laboratory. This is
strongly recommended to all those who wish to learn
the surgical techniques described in the present chapter.

The muscles of the craniocervical junction are or-
ganized anatomically in three different layers
(Fig.�13.2). The external layer attached to the superior
nuchal line is formed by the trapezius and sternoclei-
domastoid muscles. The posterior belly of the digastric
muscle is located in the digastric groove between the
mastoid and the jugular process and serves as an im-
portant landmark. The middle layer is composed of the
semispinalis and splenius capitis muscles. In the deep
layer the most important muscles are the rectus capitis
posterior major and minor muscles and the superior and
inferior oblique muscles. The rectus capitis lateralis
muscle inserts on the transverse process of the atlas and
on the jugular process of the occipital bone and covers
the jugular vein below the jugular foramen.

Bony structures that may serve as important land-
marks include: the occipital protuberance, the asterion,
the mastoid process, the digastric groove, the jugular
process and the supracondylar fossa, the condylar emis-
sary canal, the posterior rim of the foramen magnum,
the occipital condyle, the C1 arch, the transverse
process and the lateral mass of the atlas, and the C2
arch with the atlantoaxial joint located between the first
two vertebrae (Fig.�13.3). At the level of the foramen
magnum region, the vertebral artery comprises the ver-
tical V3 segment below the transverse foramen of the
atlas, and the horizontal V3 segment lying in the sulcus
of the atlantal arch and surrounding the lateral mass of
the atlas. The arterial course is C-shaped and runs from
medial to lateral in its distal extradural portion to enter
the dura mater just medial to the lateral portion of the
occipital condyle where it continues as the V4 in-
tradural portion. Among the extradural branches of the
vertebral artery are small muscular and dural suppliers
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Fig. 13.1 Illustration of the craniocervical region viewed dorsolaterally including the C1 and C2 laminae and the prominent ex-
tracranial neurovascular structures

Fig. 13.2 Illustration of the dorsal craniocervical region showing the superficial muscular layers (a) and deep muscular layers (b)
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that can be coagulated and divided during dissection.
In rare instances, the posterior inferior cerebellar artery
has an extradural origin while the intradural origin
shows a variable location from very proximal up to the
distal portion of the intradural vertebral artery.

The most important venous structure in this area is
the jugular bulb. However, this part of the venous
drainage system can be exposed only after drilling the
jugular process. A number of extracranial muscular and
epidural veins, the plexus venosus vertebralis surround-
ing the vertebral artery and the condylar emissary vein
draining into the jugular bulb are other important ve-
nous structures encountered in this area (Fig.�13.1).
They should be well known to the surgeon who should
also master several techniques of avoiding venous con-
gestion and severe venous bleeding in this area.

The dura mater encountered in the craniocervical re-
gion consists of the suboccipital dura covering the cere-
bellum and the spinal dura covering the spinal cord. At
the entrance point of the vertebral artery, the dura mater
forms a ring similar to the dural ring of the carotid artery.
The dura is continuous with the nerve sheath of the hy-
poglossal nerve running through the hypoglossal canal,
and in a similar fashion also forms the proximal part of
the C2 root up to the spinal ganglion. The marginal sinus
is located between the suboccipital and spinal dura.

13.4 Clinical Application

The cervical approach described in this chapter can be
used for access to a variety of intradural and extradural
lesions. Intradural lesions may be totally intraaxial, par-
tially exophytic or entirely extraaxial. Some lesions
such as meningiomas or neurinomas may sometimes
be located in both areas, intradural and extradural.
Other lesions are exclusively located extradurally and
may involve not only the foramen magnum region in
the strict sense (from the lower third of the clivus to the
upper rim of the C2 arch) but may sometimes extend
into the petrous bone and the superior clivus as well as
below the C2 level and into the odontoid process.

13.4.1 General Considerations

In view of the complex anatomy of the craniocervical
junction, both the initial extracranial approach and the
specific exposure of the dura mater following cran-
iotomy, partial condylectomy, drilling of the jugular tu-
bercle and perhaps C1 hemilaminectomy, are time-con-
suming surgical steps that may not always be necessary
to the same extent. This is the reason why we do not
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Fig. 13.3 Dry skull without cervical spine viewed from a right dorsolateral and inferior angle (a) and illustration of the right dorso-
lateral craniovertebral region (b). As indicated by the large arrow, a straight-line view to the anterior rim of the foramen magnum
and to the anterior surface of the neuraxis is obstructed by the lateral rim of the foramen magnum, the posterior condylar emissary
canal and the medial portion of the atlantooccipital joint. By partially drilling these structures located immediately lateral to the dural
entrance of the vertebral artery, the viewing angle can be sufficiently enlarged to allow safe manipulation anterolateral to the neuraxis.
OC occipital condyle, JT jugular tubercle
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advocate a rigid standard approach to the posterolateral
craniocervical junction. Instead, we design and perform
the procedure in an individually tailored fashion paying
great attention to the principle of minimal invasiveness.
For us, minimal invasiveness as applied to skull-base
surgery means obtaining maximum microsurgical ex-
posure (as required by the underlying lesion) with the
least possible amount of surgical trauma.

13.4.2 Radiological Considerations

Obviously, the more the information that can be ob-
tained before surgery, the better the design of the sur-
gical approach. Therefore, apart from three-planar
MRI, angiography may be helpful in the evaluation of
vascular lesions, complemented by CT angiography
with three-dimensional reconstruction, and also thin-
slice CT scans with or without three-dimensional re-
construction. These investigations also provide suffi-
cient information about local anatomical variations and
bony destruction or pertinent distortions caused by the
pathological lesion. We consider it advisable to focus
on two other specific aspects: (1) the loop of the hori-
zontal portion of the vertebral artery in relation to the
atlas, and (2) the size of the posterior condylar canal
containing the condylar emissary vein. In some in-
stances the horizontal portion of the vertebral artery
may form a prominent posterior loop extending 10�mm
or more beyond the level of the lateral atlantal arch, an
anatomical variation of which the surgeon must be
aware in order to avoid injuring the artery. Similarly,
incising a large condylar emissary vein may cause se-
vere venous bleeding. This can be avoided by separat-
ing the vein from the surrounding bone within the emis-
sary canal and then by coagulating the dissected vein.

13.4.3 Goals of Surgery and Preoperative
Planning

The goal of surgery may vary according to the patho-
logical lesion that is to be treated. Particularly in nonag-
gressive benign tumors, total tumor resection may be a
practical goal of surgery, but this may be a goal that
cannot be accomplished in certain cases except at the
price of significant morbidity. Therefore, the surgeon
must anticipate the specific risks of morbidity in order
to better define the prognosis and thus the goal of sur-

gery. For instance, in the treatment of vascular lesions
such as aneurysms, the surgeon must be prepared not
only to exclude the malformation from the circulation
by clipping but also be able to apply revascularization
methods if necessary. In practically all intradural le-
sions, an important secondary goal of surgery should
be preserving the function of the atlantooccipital joint.
As occasionally encountered in our series, extensive
extradural lesions such as plasmacytomas or tubercu-
lomas may infiltrate the atlantooccipital joint so that fu-
sion may be necessary at the end of the procedure. A
lesion that extends into the lower petrous bone may
similarly require a special design and additional bony
drilling that must be anticipated by the surgeon. 

Thus, preoperative planning should be based on
high-quality preoperative imaging, knowledge of local
anatomical structures and variations, and upon the pa-
tient’s clinical condition before surgery. This planning
is an important part of the entire surgical procedure that
should receive the highest priority and concentration;
it should always be undertaken individually in a case-
by-case manner. With such a strategy and proper patient
selection, satisfactory surgical results can be achieved
and morbidity can be kept to a minimum.

13.5 Surgical Technique

The following is a detailed step-by-step description of
our preferred technique. We also try to consider varia-
tions of this technique. However, all possible variations
encountered in a great variety of lesions over the years
cannot be entirely included in a chapter. We emphasize
that although this description may suggest a standard
approach, some individual variation is practically al-
ways present. We also estimate the expected benefit for
the patient obtained by an extensive and time-consum-
ing exposure in close relationship with the associated
risks. Thus, we always try to find an optimal compro-
mise between these two extremes.

13.5.1 Anesthesia, Monitoring,
Neuronavigation and Endoscopy

The goal and type of surgery must be discussed with
the anesthesiologist before commencing the procedure,
including the issue of venous pressure that should gen-
erally be kept as low as possible. Without doubt, good
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cooperation between surgeon and anesthesiologist is an
important prerequisite for avoiding venous congestion
and profuse venous bleeding while performing the ex-
tracranial dissection and craniotomy. In practically all
procedures involving the neuraxis, electrophysiological
long-tract monitoring is performed (somatosensory, au-
ditory and motor evoked potentials), and in many in-
stances cranial nerve EMG is indicated and helpful.
Most of the peripheral and scalp electrodes can be
placed outside the operating room before starting posi-
tioning the patient. Neuronavigation and endoscopy can
be prepared for intraoperative guidance and for endo-
scopically assisted microsurgery. Neither is mandatory
but both are helpful tools.

13.5.2 Patient Positioning

Generally, we prefer the sitting position for patients
under the age of approximately 60�years and if there is
no other contraindication such as an open foramen ovale
that should be excluded preoperatively with cardiac
sonography. When the sitting position is used, continu-
ous cardiac sonographic monitoring is mandatory to de-
tect possible air embolism. In recent years we have reg-
ularly used transesophageal cardiac sonography which
is far more sensitive than precordial Doppler monitoring
for detecting even extremely small amounts of air bub-
bles within the atrium. If the sitting position is not con-
sidered appropriate, the lateral park-bench position is
most suitable. In either case the patient’s head is turned
and oriented in three different planes: (1) anteflexion to
extend the dorsal anatomical structures and expose the
posterior aspect of the occipital condyle, (2) ipsilateral
rotation of the head to avoid obstruction by the patient’s
shoulder, and (3) slight contralateral tilting of the head
to better expose the lateral suboccipital region. The pa-
tient’s head is always fixed in a Mayfield holder that is
placed so as not to interfere with the surgical field.

13.5.3 Skin Incision and Exposure
of the Deep Suboccipital Region

While some surgeons prefer a so-called hockey-stick
skin incision, we have always used a slight curvilinear
or straight skin incision between the mastoid and mid-
line in the retroauricular area except in a few patients
in whom dorsal craniocervical fusion has been planned

preoperatively (Fig.�13.4). Before incision, the scalp is
infiltrated with local anesthetic and adrenaline
(1:200,000). After exposing the fascia of the outer mus-
cle layer, pieces of fascia are harvested for eventual use
as a graft for watertight dural closure. To adequately
place the skin incision, the course of the transverse and
sigmoid sinuses, the tip of the mastoid process and the
inferior nuchal line are clearly marked on the patient’s
shaved skin. Skin incision is followed by detaching the
muscle insertions on the superior nuchal line and mas-
toid, with the sternocleidomastoid and splenius capitis
muscles laterally and trapezius and semispinal capitis
muscles medially. The muscles are partially divided as
much as possible in the direction of their fibers, and the
occipital artery deep to the splenius capitis muscle is
coagulated and divided. In clinical practice we usually
do not obtain an anatomical exposure of the deep mus-
cle triangle that is formed by the rectus capitis posterior
major, and the superior and inferior oblique capitis
muscles (Fig.�13.2). The posterior lateral part of the at-
lantal arch and the horizontal portion of the vertebral
artery lie within this triangle. To identify the artery at
an early stage of this exposure, palpating the sharp dor-
sal lateral rim of the atlantal arch is the best procedure.
Once the periosteal sheath of the atlantal arch is dis-
sected sharply, the exact location of the vertebral loop
is confirmed. It now becomes easy to detach the rectus
capitis posterior major and minor and the superior
oblique muscles from the inferior nuchal line and to
gradually expose the supracondylar fossa and the pos-
terior rim of the foramen magnum. In meningiomas it
is useful to also expose the atlantal arch beyond the
midline by detaching the muscle insertions.

Laterally, the exposure extends toward the jugular
process and digastric groove. Dissection within the
deep suboccipital area is facilitated not only by detach-
ing the small deep muscles but also by partially or com-
pletely excising these muscles. These muscle pieces are
harvested and used to obliterate the mastoid cells at the
end of the procedure if necessary. To keep the area cen-
tered on the vertebral artery open, one or two self-re-
taining retractors can be placed, taking care not to in-
terfere with the vertebral artery by excessive traction
(Fig.�13.4). For this reason, it is helpful to expose the
artery and muscle branches that may be distorted by the
muscle retractor. The craniocaudal extension of the ex-
posure depends upon the underlying lesion. Usually,
exposure of the atlantal arch is sufficient. In some in-
stances, however, complete exposure of the C2 arch
may also be necessary. In a similar fashion, the trans-
verse process of the atlas is not routinely completely

180                                                                                                                                                                                                           H. Bertalanffy et al.



exposed but this may be necessary in lesions that ex-
tend towards the jugular foramen.

During this exposure, as mentioned above, identify-
ing and coagulating the posterior condylar emissary vein
is important, particularly when this vein is of large cal-
iber. It has proven helpful to use a diamond drill to re-
move the remaining muscle insertions within the supra-
condylar fossa to better identify and recognize the local
bony surface. The capsule of the atlantooccipital joint
is opened in the lateral portion and is partially excised
together with portions of the atlantooccipital membrane.
During this step, avoiding venous bleeding or, if venous
hemorrhage has occurred, obtaining quick hemostasis
is most important. If obvious venous congestion occurs
despite positioning or measures taken by the anesthesi-
ologist, local injection of fibrin glue into the epidural
and periarterial venous plexus may be very effective.
Sometimes, local packing with Surgicel are additionally
needed, and bipolar coagulation within the periarterial
region or around the dural entrance of the vertebral ar-
tery may be required as well. If possible, the C1 root
that exits the dura below the vertebral artery is pre-
served. Dividing this root, however, does not cause clin-
ically detectable neurological or functional deficits.

13.5.4 Craniotomy and Extradural
Exposure

Most neurosurgeons perform a routine retrosigmoid
craniotomy that is gradually extended medially and
caudally to include the foramen magnum. However, the
key points of our preferred approach are the partial re-
section of the occipital condyle and jugular tubercle.
Depending upon necessity, drilling the medial part of
the lateral atlantal mass enlarges the approach caudally,
and removing the jugular process exposes the jugular
bulb laterally.

This exposure may be rendered difficult by the prox-
imity of the vertebral artery, and the presence of the pe-
riarterial venous plexus, the condylar emissary vein and
the jugular bulb.

On the other hand, for an experienced surgeon these
anatomical structures do not pose serious problems. To
improve understanding of the microsurgical anatomy
of this region and to render this exposure less difficult
than it may appear, we have elaborated a concept for
those who wish to learn our technique of safely per-
forming the transcondylar approach.

13 Dorsolateral Approach to the Craniocervical Junction 181

Fig. 13.4 Illustration showing the slightly curved skin incision (a) and the surgical exposure in the initial stage using two self-
retaining retractors (b)
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13.5.5 The “C-Zero” (C0) Concept

The first step is exposure of the lateral suboccipital
craniocervical region as shown in Fig.�13.5. Following
this, a suboccipital lateral craniectomy of sufficient size
is carried out so as to leave the posterior rim of the fora-
men magnum in place as shown in Fig.�13.6. By care-
fully inspecting the exposed area and gently detaching
the dura mater laterally and inferiorly to separate the
posterior rim of the foramen magnum from the dura,
one can identify the distal sigmoid sinus and proximal
jugular bulb (Fig.�13.7). It is helpful to expose the me-
dial portion of the distal sigmoid sinus because this
structure is a good landmark that indicates the lateral
limit of this exposure.

The dorsal rim of the foramen magnum contains
more cancellous bone and is thicker than the squama,
thus resembling the atlantal arch. Regarding the occip-
ital bone as a modified vertebra facilitates our under-
standing of the craniocervical anatomy. Indeed, embry-
ologically, portions of the occipital bone stem from the
proatlas, the fourth occipital sclerotome [37]. Thus, the
remaining posterior rim of the foramen magnum may
be regarded as a modified vertebral arch that, in analogy
to the C1 arch, can be termed the “C0” (“C-zero”) arch.
In this concept, the atlantooccipital joint is just a slightly
modified intervertebral joint, similar to those below this
level, except for the presence of the vertebral artery and,

perhaps, the condylar emissary vein. When dealt with
properly, however, these two vascular structures do not
pose serious problems during exposure. For instance,
after detachment from the surrounding bone that forms
the condylar emissary canal, the vein can be easily co-
agulated and shrunk. Using a diamond drill, the emis-
sary canal is gradually opened and exposed up to the
jugular bulb. Concomitantly, the posterior rim of the
foramen magnum is removed and, if necessary, the at-
lantal arch can be resected too, as shown in Fig.�13.8. 
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Fig. 13.5 The surgical exposure for the transcondylar approach
is centered over the dorsal rim of the foramen magnum, the
dural entrance of the vertebral artery and the atlantooccipital
joint. OC occipital condyle, LAM lateral atlantal mass

Fig. 13.6 a Illustration showing the outline of the planned cran-
iotomy on the squama of the occipital bone. b The suboccipital
craniectomy exposes the cerebellar dura while the dorsolateral
rim of the foramen magnum (the so-called “C0” arch) has been
left in place. In practice, the craniectomy does not necessarily
extend as far as the midline as shown in this illustration
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In routine practice these hemilaminectomies “C0”
and C1 provide optimal exposure of the dorsolateral
craniocervical junction (Fig.�13.9). Nevertheless, a
straight-line view to the anterolateral surface of the
neuraxis may still be obstructed by the lateral rim of

the foramen magnum that is continuous with the
jugular tubercle (Fig.�13.10). The shape of the tuber-
cle can be quite variable as can be seen on preopera-
tive CT scans. It may sometimes be flat and in other
instances rather high. Just below the jugular tubercle,
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Fig. 13.7 Photograph of a cadaveric dissection showing an exposure similar to that illustrated in Fig.�13.6 a. The dorsal rim of the
foramen magnum (the “C0” arch) is left in place and a dissector separates the dura mater from this rim (a). The remaining lateral
squama of the occipital bone, the lateral rim of the foramen magnum, the jugular process, and the medial portion of the atlantooccipital
joint correspond to the area of subsequent resection, the key point of the transcondylar approach (b)

Fig. 13.8 Illustration showing the typical exposure after having removed the dorsal rim of the foramen magnum (the so-called “C0”
hemilaminectomy) and after having partially drilled the occipital condyle and jugular tubercle; this exposure can be carried out either
without (a) or including (b) a C1 hemilaminectomy
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the hypoglossal canal passes through the occipital
condyle in a medial-to-lateral and superior-to-inferior
direction (Fig.�13.11). Drilling within the occipital

condyle allows more or less extensive bony exposure
along the dura mater in a posterior-to-anterior direc-
tion, and the hypoglossal canal can be exposed to a
variable degree.

The jugular tubercle is a bony prominence that sep-
arates the jugular bulb laterally from the foramen mag-
num medially. Drilling is performed stepwise with di-
amond burrs after gently detaching the dura mater and
jugular bulb from the bone (Fig.�13.12). The amount of
drilling of the jugular tubercle depends upon the size
and location of the underlying lesion and upon the local
anatomical situation. The more anteriorly the jugular
tubercle is removed, the better becomes the intradural
view. Drilling within the occipital condyle sparing the
articular facet guarantees that the function of the at-
lantooccipital joint remains intact, even if large portions
of the medial condyle and lateral atlantal mass are
drilled away to better expose the dural entrance of the
vertebral artery. This latter step is particularly important
in meningiomas that encase the artery. In such in-
stances, the dural ring of the vertebral artery can be
opened and the artery can be sufficiently mobilized to
allow complete tumor resection in this area as we have
done in several cases. 

Drilling 6 or 7�mm of the medial occipital condyle
and lateral atlantal mass can be regarded as partial face-
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Fig. 13.9 Ideally, a single self-retaining retractor is sufficient for an adequate dorsolateral craniocervical exposure with the dural
entrance of the vertebral artery forming more or less the center of this approach (left). The additional removal of the lateral rim of
the foramen magnum close to the jugular bulb enlarges the viewing angle and offers a straight-line view to the anterolateral aspect
of the neuraxis (right)

Fig. 13.10 Intraoperative photograph showing the V3 horizontal
segment of the vertebral artery (VA) surrounding the lateral at-
lantal mass and the posterolateral rim of the foramen magnum
forming the lateral portion of the so-called “C0” arch
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tectomy in analogy to spinal surgery where such a partial
facetectomy is useful, for instance, to expose a neuri-
noma that extends into the intervertebral foramen. At this
juncture, we have never destabilized the atlantooccipital

joint with such an exposure when treating intradural le-
sions; neither did instability occur in a large series pub-
lished for foramen magnum meningioma resections [26].
In certain instances, depending upon the local situation,
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Fig. 13.11 a Three-dimensional CT reconstruction of the middle and posterior fossa; the jugular tubercle is located between the
two white arrows. b Thin-slice CT scan at the level of the hypoglossal canal; the white lines indicate the plane of vertical recon-
struction taken in a direction perpendicular to the direction of the hypoglossal canal. c On the CT reconstruction the jugular tubercle
is visible (large arrow); the small arrows indicate the hypoglossal canal located directly below the jugular tubercle

Fig. 13.12 Intraoperative photographs centered over the jugular tubercle (JT ) as exposed with the transcondylar approach. The dura
mater and the wall of the jugular bulb are gently separated with a dissector (a). The residual jugular tubercle is gradually resected
with a diamond drill (b).
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opening of the transverse foramen of the atlas to com-
pletely mobilize the vertebral artery may also be neces-
sary. However, to save time this is not done routinely.

13.5.6 Intradural Stage

We prefer to open the dura mater in a longitudinal or
Y-shaped fashion, the lower part of the incision being
placed medial to the vertebral artery (Fig.�13.13). In
meningiomas that encase the intradural portion of the
vertebral artery, we usually open the dural ring. In the
remaining procedures this step is avoided to facilitate
rapid and watertight dural closure. In tumors such as

meningiomas, neurinomas or certain gliomas, the
brainstem may be considerably distorted and displaced.
Sufficient working space is gradually obtained by re-
ducing the tumor volume in a piecemeal fashion. In
other lesions that do not distort or displace the brain-
stem, for example aneurysms or intraaxial lesions, the
exposure described above provides the optimal straight-
line view to the anterolateral aspect of the lower brain-
stem and upper cervical cord without the need to retract
the neuraxis or damage the rootlets of the lower cranial
nerves. As a general principle, performing surgery in
the intradural area within a bloodless surgical field is
advised for clear visualization of all anatomical struc-
tures. However, to maintain a bloodless surgical field
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Fig. 13.13 a, b Preoperative MR images (a T1-W contrast-enhanced, b sagittal T2-W) reveal a large foramen magnum meningioma
that displaces the medulla dorsally and severely compresses the cervical cord at level C1. c, d Illustrations show the dural incision
and exposure of the dorsolateral and ventral tumor portion by reflecting the dura mater laterally together with the distal V3 portion
of the vertebral artery. e, f Corresponding intraoperative photographs demonstrate the direct access to the dural attachment of the
tumor by reflecting the dura mater laterally
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even in vascular tumors, a special microsurgical tech-
nique is necessary. Accordingly, we undertake imme-
diate hemostasis of new hemorrhage and try to avoid
causing further bleeding.

13.5.7 Dural Closure, Cranioplasty
and Wound Closure

At the end of the intradural stage we direct our attention
towards avoiding postoperative complications such as
cerebrospinal fluid (CSF) leakage or local hemorrhage.
To avoid CSF leakage, the dura mater is sutured water-
tight, and the sutured area is covered with portions of
muscle fascia that was harvested at the beginning of the
procedure. These grafts are fixed with fibrin glue. When
the dural ring of the vertebral artery has been opened,
dural suture in this area includes pieces of muscle to fa-
cilitate watertight closure. Additionally, any opened
mastoid cell is covered with muscle pieces. We avoid
applying bone wax in this area to prevent postoperative
local infection. Meticulous hemostasis in the epidural
area is obtained by packing with collagen sponge or Sur-
gicel fixed with fibrin glue. If available, a bone flap is
fixed with osteosynthetic material. If the craniectomy is
quite small, the area is filled merely with bone dust ob-
tained from the initial trepanation. If there is insufficient
bone available, cranioplasty is performed using poly-
methyl methacrylate. If the mastoid process has been
largely resected, a titanium mesh is inserted. This helps
the cosmetic reconstruction of the outer contour of the
mastoid process. We avoid leaving the craniectomy area
without any cranioplasty, as this may lead to an unsatis-
factory cosmetic result due to significant retroauricular
excavation. Usually, we place a wound drain for
48�hours, and the wound is closed in several muscle lay-
ers. During this last step of the surgical procedure, at-
tention is paid to obtaining meticulous local hemostasis.

13.6 Specific Considerations

In light of the great variety of pathological entities en-
countered in the craniocervical junction, we use a wide
range of surgical techniques to deal with these lesions
in a specific manner. The following is a discussion of
the most frequently encountered tumors and vascular
lesions and a brief description of the microsurgical
technique used in the intradural stage.

13.6.1 Meningiomas

Typically, meningiomas have a dural insertion which is
the site of their vascular supply (Fig.� 13.13). Some
meningiomas show an en-plaque growth pattern; in oth-
ers the dural attachment area is limited and smaller than
the diameter of the tumor. In our clinical routine, these
are two different situations. Devascularizing a menin-
gioma with a small insertion area is easily performed
while en-plaque meningiomas have a higher tendency
to bleed and require more bipolar coagulation. More-
over, the latter tumors also tend to encase the rootlets
of cranial nerves IX–XII and to invade the hypoglossal
canal and pars nervosa of the jugular foramen rendering
resection more difficult. In either case, our general prin-
ciple is to incise the first dentate ligament and to devas-
cularize the meningioma by coagulating its dural inser-
tion (Fig.�13.13). In the next step, the tumor portions
closest to the ventral dura mater are sharply resected to
create a working space that allows stepwise mobiliza-
tion of the remaining dorsal tumor portions in a direc-
tion from the lower brainstem towards the ventral dura
(Fig.�13.14). During this maneuver, every effort should
be made to avoid compression of the neuraxis. The level
of the dorsal atlantal arch is frequently the site of max-
imum compression of the neuraxis (Fig.�13.14). In such
cases, instead of C1 hemilaminectomy, it can be helpful
to perform a C1 laminectomy before opening the dura
to avoid any additional compression of the neuraxis
during intradural manipulation. 

Most meningiomas are very fibrous and not easily
resectable with the aid of an ultrasonic aspirator. Pieces
of such tumors are sharply cut with microscissors, while
the arachnoid surrounding the tumor is gently incised to
separate nerve rootlets and branches of the PICA and
draining veins from the tumor. In many instances, the
meningioma extends far beyond the midline and also in-
volves the contralateral vertebral artery. This must be
taken into account when removing such distal tumor
portions in order to avoid damaging small distal vessels.
In a similar fashion, the contralateral hypoglossal nerve
may also be involved by the tumor. These rootlets are
also preserved by sharp arachnoid dissection.

After total macroscopic removal, the area of tumor at-
tachment is generously coagulated for two reasons: 1) to
obtain sufficient local hemostasis and 2) to avoid tumor
recurrence when it is not possible to completely resect
the infiltrated dura mater as within the hypoglossal canal.

While most of the meningiomas consist of an in-
tracranial and intraspinal portion, other tumors may be
confined to the C1 level as shown in Fig.�13.15. In such
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cases a limited extradural exposure centered to the dural
entrance of the vertebral artery is sufficient (Fig.�13.15).

13.6.2 Neurinomas

Neurinomas (schwannomas) of the foramen magnum
may originate from the first two cervical roots or from

the hypoglossal nerve. While the tumor may compress
the neuraxis in a similar fashion to a meningioma,
schwannomas usually lack a dural attachment and their
growth pattern is different from that of meningiomas.
Tumors arising from the C2 root typically extend be-
tween the atlas and axis and may be composed of an
intraspinal and an extraspinal portion. Similarly, tumors
arising from the C1 root or from the hypoglossal nerve

188                                                                                                                                                                                                           H. Bertalanffy et al.

Fig. 13.14 Intraoperative photographs of the tumor shown in Fig.�13.13. a First, the tumor attachment is coagulated and the devascu-
larized portions of the tumor are sharply excised. b This technique of devascularization is continued in a craniocaudal contralateral di-
rection until the entire tumor is separated from its vascular supply. The remaining avascular tumor portions can now be gently separated
from the neuraxis and rootlets of the lower cranial nerves and are excised in a piecemeal fashion. c After complete tumor removal, the
neuraxis is still distorted, but the proximal V4 portion of the vertebral artery and the cranial nerves are completely free of tumor. d The
C1 level is the site of maximal compression of the upper cervical cord where the tumor had pressed the neuraxis against the atlantal arch
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may show a dumbbell shape (Fig.�13.16). The goal of
surgery is the same as in meningiomas: complete exci-
sion with decompression of the neuraxis. Tumor expo-
sure may require a C1 and perhaps a C2 hemilaminec-
tomy combined with a small suboccipital craniectomy
that includes the foramen magnum. In hypoglossal
neurinomas the hypoglossal canal is opened by drilling
within the occipital condyle sparing the articular facet

(Fig.�13.16). To start with, the tumor mass is gradually
reduced. This is best accomplished with an ultrasonic
aspirator. After sufficient tumor volume reduction, the
origin of the tumor, usually one of the sensory rootlets
of C1 or C2, or one of the hypoglossal rootlets, must
be sharply divided. The remaining nerve root is gradu-
ally separated from the residual tumor and preserved.
The intracisternal or intraspinal tumor portion is gently
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Fig. 13.15 a–c Axial (a), coronal (b) and sagittal (c) preoperative MR images demonstrate a foramen magnum meningioma confined
to the C1 level in a 69-year-old patient. d The tumor was excised with the patient placed in the right lateral park bench position.
e The surgical exposure was minimal and centered on the dural entrance of the vertebral artery
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separated from the neuraxis, nerve rootlets and sur-
rounding vessels, paying attention to small tumor-sup-
plying arteries that must be coagulated and cut. The dis-
tal extracranial/extraspinal tumor portion is continuous
with the affected rootlet that must be divided as well.

In many instances, the proximal portion of the dura
forming the dural sleeve of the affected nerve root is
adherent to the tumor capsule. This part must be ex-
cised to a certain degree in order to achieve total tumor
removal, leaving a dural defect of variable size. At the
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Fig. 13.16 a–c Preoperative axial (a), sagittal (b) and coronal (c) contrast-enhanced T1-W MR images in a 31-year-old man reveal
a dumb-bell shaped neurinoma. The patient presented with hypoglossal palsy. The tumor is composed of an intradural cisternal
portion (large arrow) and a second extradural portion that fills the enlarged hypoglossal canal (small arrows). d The patient was op-
erated on in the sitting position, and the postoperative course was uneventful
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end of tumor resection, this dural defect is closed with
the aid of a dural graft. We prefer to use a piece of mus-
cle fascia; however, other graft material can be used as
well to obtain a watertight dural closure.

13.6.3 Gliomas

Most gliotic tumors of the foramen magnum region can
be accessed by a dorsal midline exposure. However,
among the various gliomas we have encountered in this
region (from pilocytic astrocytomas to WHO grade IV
glioblastomas), some were exophytic and extended pre-
dominantly anterolateral to the neuraxis (Fig.�13.17).
In such tumors, a standard posterior exposure is not suf-
ficient. Instead, we prefer the transcondylar approach
because it allows good visualization of the anterior
tumor portions and because the structures involved by
the tumor (rootlets of the caudal cranial nerves, verte-
bral artery and PICA) can be adequately dissected and
preserved.

The goal of surgery in intraaxial gliomas is to re-
move as much as possible of the tumor avoiding any
damage to the neuraxis and its normal vascular supply.
While most parts of an exophytic glioma can be re-
sected in a straightforward fashion with an ultrasonic
aspirator, the deep intraaxial tumor portions do not
have a clear-cut boundary that would allow precise
radical resection. Therefore, the extent of tumor re-
moval depends upon the macroscopic aspect of the
tumor, its consistency and vascularity, and also upon
the surgeon’s experience.

Electrophysiological monitoring is mandatory in
such procedures. Sudden changes in somatosensory
and motor evoked potentials provide important feed-
back that influences the decision to continue or to stop
the intraaxial tumor resection.

13.6.4 Aneurysms

Although endovascular techniques play an increasing
role in the management of aneurysms of the VA-PICA
complex, there are still indications for microsurgical
treatment, either aneurysm clipping or revasculariza-
tion procedures [24, 25].

The transcondylar approach is an excellent access
route to expose this group of difficult aneurysms of the
posterior circulation. It not only offers good control of
the vertebral artery proximal to the aneurysm but also

gives good access to the distal portion of the artery up
to the vertebrobasilar junction. Moreover, this approach
offers a better overview of the complex anatomical re-
lationships between aneurysm and caudal cranial
nerves (Fig.�13.18). This is important particularly in
small aneurysms where the brainstem is not distorted
or displaced, and where the space for microsurgical dis-
section is limited.

13.6.5 Cavernous Malformations

Intraaxial cavernous malformations that reach the sur-
face of the brainstem or upper cervical cord dorsally
can be exposed via a standard posterior approach. In
our series, more than 20 lesions were located in the an-
terolateral portion of the neuraxis, within the lower
pons, the pontomedullary junction, the medulla or the
spinal cord. All these lesions were exposed via the
transcondylar approach, modified according to the
exact location. With this approach we obtained an op-
timal trajectory to the anterior and anterolateral surface
of the neuraxis that allowed entering the brainstem or
spinal cord at the point where the lesion was closest to
the surface. Moreover, with this approach unnecessary
and hazardous retraction of the brainstem is avoided
(Fig.�13.19).

13.6.6 Extradural Lesions

In a series of more than 40 patients treated surgically
for foramen magnum meningioma, in only two did the
meningioma extend from intradurally to the extradural
region along the course of the vertebral artery. Other
lesions such as the hypoglossal neurinoma seen in
Fig.�13.16 may also show both an intradural and ex-
tradural extension.

Apart from these tumors, we have treated a number
of plasmacytomas, chordomas, glomus tumors, metasta-
tic tumors, tuberculomas and arteriovenous fistulas of
the jugular bulb with transosseous arterial feeders [23,
35]. All of these extradural lesions involved the cranio-
cervical junction including the atlantooccipital joint;
some of them also invaded the lower petrous bone and
jugular foramen. These complex lesions require a mod-
ified transcondylar approach that extends laterally and
into the petrous bone and exposes not only the jugular
foramen but also the intrapetrous carotid artery and fal-
lopian canal [23].
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The transcondylar exposure is most appropriate in
osteodestructive lesions such as tuberculomas of the
axis body and odontoid process (Fig.�13.20). To treat
such a lesion, the initial exposure is identical to that

described in this chapter. At an early stage of the pro-
cedure, the upper spinal cord is relieved from the
compression caused by the atlantal arch by perform-
ing a complete C1 laminectomy. After completely
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Fig. 13.17 a–c Preoperative axial (a), coronal (b) and sagittal (c) contrast-enhanced T1-W MR images in a 66-year-old man suffering
from dysphagia and gait ataxia show an exophytic intraaxial glioma that involves the left anterolateral region of the medulla and
upper cervical cord. d The patient was operated on in the sitting position via a left transcondylar approach. e–g Postoperative MR
images show that approximately 80% of the tumor volume has been resected. Histological examination revealed pilocytic astrocy-
toma. The patient experienced no additional neurological deficits
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Fig. 13.18 Illustration shows the right
V4 intradural vertebral artery and an
aneurysm that arises at the origin of the
posterior inferior cerebellar artery lo-
cated below the rootlets of cranial
nerves IX, X and XI (a). With this expo-
sure, all neurovascular structures antero-
lateral to the neuraxis are clearly visual-
ized, and aneurysm clipping is readily
achievable (b) a b

Fig. 13.19 a, b Preoperative axial (a) and sagittal (b) MR images in a 33-year-old patient demonstrates an intraaxial cavernous
malformation. The patient suffered two episodes of intralesional bleeding. c, d A left-sided transcondylar approach was used to
obtain a lateral-to-medial viewing angle that allowed entry to the neuraxis anterolaterally (c) and total excision of the malformation
(d). e Postoperative MR image confirms total excision. f The patient underwent surgery in the sitting position
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freeing the horizontal portion of the V3 segment of
the vertebral artery, drilling is carried out in the medial
portion of the lateral atlantal mass and continued in
an anterior direction lateral to and in close proximity
to the dura mater until the invaded odontoid process
is reached. By also drilling the lateral part, a lateral-
to-medial viewing trajectory is obtained that allows
removal of the entire destroyed odontoid process and
even of the superior portion of the body of the axis
(Fig.�13.20d). 

Planning the surgical procedure included the final
occipitocervical stabilization. For this purpose the pa-
tient was placed in the sitting position with the head
fixed in the Mayfield holder in a neutral position that
was chosen to be the final position of the head in rela-
tion to the cervical spine. It is important to use SEP
monitoring during the positioning in order to detect any
additional compression of the upper cervical cord dur-
ing this maneuver involving a highly unstable at-
lantooccipital segment.
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Fig. 13.20 Preoperative and intraoperative images in a 30-year-old man suffering from osteodestructive tuberculoma that involved
the odontoid process and the body of the axis. The patient presented with severe neck pain. a–c The axial CT scan (a) with sagittal
(b) and coronal reconstruction (c) demonstrate both the destruction of the superior odontoid and superior articular facets of the axis
and the atlantoaxial dislocation. d Preoperative sagittal MR shows that the atlantoaxial dislocation has led to significant anterior dis-
placement of the posterior atlantal arch (arrow) that compresses the upper cervical cord. e The patient was operated on in the sitting
position, and a modified “hockey-stick” skin incision was used. f At the end of surgery, occipitocervical fusion was performed with
the head fixed in a neutral position as seen on the lateral plain radiograph. g A horseshoe-shaped osteosynthetic plate was fixed with
screws to the occipital squama and with wires to the C2 and C3 vertebral arches on both sides; for osseous fusion, an iliac crest graft
was inserted between occipital bone and C2 spinous process. The odontoid process was partially resected by drilling through the
lateral atlantal mass from the right posterolateral region below the vertebral artery (arrow).
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In the same fashion, other osteodestructive lesions
such as plasmacytomas, chordomas and metastatic tu-
mors have been completely removed, in most instances,
however, without the necessity of additional atlantooc-
cipital fusion. Arteriovenous fistulas of the jugular bulb
are a special pathological entity where transosseous ar-
terial feeders have direct connection to the jugular bulb.
As many of these lesions could not be obliterated en-
dovascularly, a microsurgical procedure was carried out
that exposed the jugular bulb and interrupted these tran-
sosseous arterial feeders by extensively drilling within
the occipital condyle [35].

13.7 Outcome and Complications

The transcondylar approach always provides sufficient
exposure of the dorsolateral craniospinal region with
excellent visualization of the neuraxis, vertebral artery
and branches, and of the caudal cranial nerves and
upper cervical roots. Owing to this wide exposure, all
extraaxial and intraaxial lesions can be well treated
without the need to retract the lower brainstem and
upper cervical cord, and damage to other neurovascular
structures of this area can be avoided. With the excep-
tion of a few patients with CSF leakage or wound in-
fection, there have been no serious approach-related
complications. In particular, no craniocervical or at-
lantoaxial instability has been created in any of the pa-
tients harboring an intradural lesion, even after exten-
sive drilling within the condyle and jugular tubercle.
The reason why we are able to continuously maintain
stability lies in our technique of preserving the main
portion of the articular facet of the condyle and lateral
atlantal mass.

13.8 Lessons Learned

Over the past two decades we have used the
transcondylar approach in more than 200 patients and
have continuously optimized our technique. The fol-
lowing are important lessons learned from these de-
manding procedures:
• The patient should be positioned with the head ro-

tated ipsilaterally and flexed so that the posterior por-
tion of the occipital condyle articular facet becomes
visible during surgery. Care is taken to avoid com-
pression of the jugular vein during positioning, par-

ticularly when the patient is placed in the lateral park-
bench position.

• Avoiding venous congestion during the extradural
stage and injection of fibrin glue into the periarterial
or epidural venous plexus are helpful measures to
maintain a bloodless surgical field.

• At an early stage of the exposure, the exact location
of the vertebral artery should be identified by pal-
pating the posterior sharp edge of the atlantal arch.
Once the vertebral artery has been localized, all
muscles superior to the artery can readily be divided
or partially excised so that the extradural exposure
can be performed within less than one hour. The in-
cision of the dorsolateral muscles of the craniocer-
vical junction must be carried out so as to provide
an intraoperative viewing trajectory that is not ob-
structed by the retracted muscle mass. When a sig-
nificant lateral-to-medial viewing trajectory is nec-
essary, the muscle incision is carried out more
laterally; conversely, if the trajectory needs to be ori-
ented more laterally towards the jugular bulb, the
muscle incision is carried out more medially.

• In many cases, a muscular branch of the vertebral
artery emerges from its lateral horizontal loop. By
coagulating and dividing this branch, excessive re-
traction of the vertebral artery can be avoided when
the self-retaining retractor is inserted.

• An early exposure of the supracondylar fossa, incis-
ing the capsule of the atlantooccipital joint dorsally
and drilling the muscular and capsular insertion
from the bone clearly facilitate anatomical orienta-
tion. Extensive condylar drilling without resecting
a significant portion of the articular facet of both
condyle and lateral and atlantal mass is crucial for
preserving the function of the atlantooccipital joint.

• Opening the dura mater lateral to the dural entrance
of the vertebral artery is sufficient in the majority of
cases. This facilitates watertight dural closure at the
end of the intradural procedure. However, the dural
ring of the vertebral artery should be opened if the
tumor has encased the proximal portion of the in-
tradural vertebral artery. This allows free mobiliza-
tion of the artery and better tumor dissection.

• The transcondylar approach can easily be combined
with an additional jugular foramen exposure by ex-
tending the dissection laterally as previously de-
scribed [23].

• The surgeon should be prepared to perform cran-
iovertebral stabilization in extensive extradural os-
teodestructive lesions of the occipital condyle, atlas
or axis.
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14.1 Introduction

The endonasal transsphenoidal route has become a
mainstay of contemporary neurosurgical practice for
pituitary lesions and is used for more than 95% of sur-
gical indications in the sellar area. Lesions located in
this area represent nearly 20% of surgically treated pri-
mary brain tumors; benign tumors of the pituitary con-
stitute the majority of sellar lesions.�Advances in sur-
gical technology, and the use of the endoscope above
all, have played a central role in the recent evolution of
transsphenoidal surgery [1–4].

The endoscope was initially used to highlight dark
and deep corners during microscopic transphenoidal
surgery, but thanks to the increasing use of the endo-
scope by ENT surgeons in functional endoscopic sinus
surgery, it has gradually become possible for the endo-
scope to be the only optical device used during the
whole surgical procedure [5–7].

The advantages of this technique are listed in
Table�14.1. Its use requires an in-depth knowledge of
endonasal skull-base anatomy and specific endoscopic
skills (Table�14.2) [8–13].

Several endonasal landmarks improve orientation
during the approach, and the neurosurgeon needs to be-
come familiar with them through anatomic studies and
check their configuration preoperatively by means of a
high-resolution CT scan with sagittal and coronal re-
constructions.

The main features of the endonasal corridor are:

• The nasal mucosa is highly vascularized and should
be preserved to prevent postoperative adhesions and
discomfort. The tip of the instruments should always
be under direct view, including during their insertion
through the endonasal corridor.

• The surgical trajectory is in a posterior upward di-
rection. However, the floor of the nose and the free-
hanging portions of the turbinates run nearly parallel
to the skull base. Inserting the instruments parallel
to these structures reduces the risk of damaging the
skull base.

• The keystone to a successful endoscopic approach
is the quality of vision which depends on the lens
cleaning system employed (i.e. a continuous irriga-
tion system) and the ability to manage intraopera-
tive bleeding.
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Table 14.1 Advantages of the endoscopic transsphenoidal
approach

Advantages

Patient Less nasal trauma
No nasal packing
Less postoperative pain
Lower incidence of complications
Quick recovery

Surgeon Wider and orientable view of the surgical field
Closer look “inside” the anatomy (better definition
of tumor/gland/arachnoid interfaces)
Easier treatment of recurrences
Increase in scientific and research activity
Promotion of interdisciplinary cooperation

Institution Shorter postoperative hospital stay
Increase in case load



14.2 Surgical Anatomy

14.2.1 Endonasal Corridor

The surgical anatomy of the endonasal corridor
(Fig.�14.1) is variable and it is important to know the
surgical significance of these variations.

The middle turbinate has a characteristic three-di-
mensional orientation. Anteriorly, it is directly attached
to the cribriform plate (sagittal portion). It then has a
coronal course and is attached to the lamina papyracea
(coronal portion or basal lamella) while, posteriorly, it
attaches to the medial wall of the maxillary sinus (axial
portion). During the nasal step of the procedure, the
middle turbinate should be luxated laterally by pushing
at the level of its head, thus reducing the risk of frac-
turing the cribriform plate and of postoperative maxil-
lary sinusitis due to its destabilization. The head of the
middle turbinate may be pneumatized (“concha bul-
losa”) so narrowing the surgical corridor; in such cases
its resection is required. The bulla ethmoidalis is an an-
terior ethmoid air cell with variable degrees of pneuma-
tization. If it fills the whole middle meatus, it can be
opened medially and anteriorly, preserving its lateral
part, which is contiguous with the lamina papyracea.

The posterior ethmoid may have critical relation-
ships with the sphenoid. It may extend laterally or su-
periorly to the anterior wall of the sphenoid and im-
pinge on the optic nerve (“Onodi-Grünwald cell”). The
relationships between the roof of the ethmoid and the
ethmoidal arteries are critical since their damage during
the approach can lead to vascular complications. The
anterior ethmoidal artery runs in a lateral to medial and

posteroanterior direction and in a well-pneumatized
bulla ethmoidalis its bone canal can be separated from
the ethmoid roof by a thin bony mesentery. This artery
can be damaged while removing the anterosuperior
component of the bulla ethmoidalis and its bone canal
can be dehiscent. The posterior ethmoidal artery, which
is inconstant, has a horizontal course and runs in the
ethmoidal roof, where the lamella of the superior
turbinate inserts in the lamina papyracea, about 3–
8�mm anteriorly to the anterior wall of the sphenoid
sinus and runs about 7�mm away from the optic nerve,
thus representing a valuable landmark during further
extension of the anterior sphenoidotomy upward.

The sphenoid and ethmoid sinuses share a common
wall in the lateral two-thirds while the medial one-third
of the anterior sphenoid sinus wall is a free surface
called the sphenoethmoidal recess where the ostium of
the sphenoid sinus is identified, less or more laterally,
depending on the pneumatization of the sphenoid prow.

The sphenopalatine artery is the terminal branch of
the internal maxillary artery; it comes out from the
homonymous foramen, behind the tail of the middle
turbinate, and divides into two main branches: the na-
sopalatine artery and the posterior nasal artery. The for-
mer runs above the upper border of the choana, and the
latter sends branches to the inferior and middle turbinates.

The sphenoid sinus is located in a central position in
the skull base and represents the keyhole to unlock the
whole midline skull base and the middle cranial fossa.
The anatomical landmarks on its posterior wall provide
a precise map for the safe and precise use of the
transsphenoidal route (Fig.� 14.2). The degree of
pneumatization of the sphenoid sinus and the configu-
ration of its septa present the surgeon with different dif-
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Table 14.2 Principles of training in endoscopic endonasal transsphenoidal surgery

Specific requirements Learning strategies

Basic knowledge of each component of the endoscopic  Self-learning and collaboration with industry
equipment
Hand–eye coordination and dexterity Endoscopic anatomic dissections

Video games
Confidence with the bidimensional view of the anatomic In-depth anatomic training (structured training sessions)
structures Review of surgical videos

Identify surgical landmarks during surgery and gain a sense of
depth with in and out movements

Endoscopic bleeding management Master hemostatic materials and techniques
Practice the use of the bipolar forceps in training models
Practice the use of the bipolar forceps in the surgical
environment

Endoscopic skull base reconstruction Master state-of-the-art materials and techniques
Practice and compare the techniques in anatomic models
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Fig. 14.1 Anatomic view; nasal stage; right nostril approach. a,
b Identification of the landmarks inside the nostril. c The super-
imposed diagram shows the whole course of the septal branch of
the sphenopalatine artery above the choana. It should be re-
spected during the anterior sphenoidotomy. � septal branch of
the sphenopalatine artery, Co choana, IT inferior turbinate, MT
middle turbinate, NS nasal septum, ser sphenoethmoid recess,
SF sellar floor, SO sphenoid ostium, SP sphenoid prow

Fig. 14.2 Anatomic view. Exposure of the bony protuberances and depressions on the posterior wall of a well-pneumatized sphenoid
sinus (a) with a wide lateral recess (b). � flattened sphenoidal septum, C clivus, CPc paraclival segment of the carotid protuberance,
CPs parasellar segment of the carotid protuberance, dotted line sellar bone window, lrSphS lateral recess of the sphenoid sinus,
O orbit, OCR lateral opto-carotid recess, OP optic protuberance, PEA posterior ethmoidal artery, PS planum sphenoidale, SF sellar
floor, TS tuberculum sellae, V2 maxillary nerve, vn vidian nerve

a b

c

a b



ficulties. The bony landmarks on the posterior wall of
the sphenoid sinus can be easily identified in a sellar-
type sphenoid sinus while a presellar or conchal-type
sphenoid sinus make orientation more difficult. A pre-
operative CT or MRI scan provides the definition of the
size and shape of the sphenoid septa, which often lead
to the optical canal or the parasellar carotid artery. They
should be carefully removed, avoiding twisting and
fracturing them. Furthermore, a high degree of sphenoid
sinus pneumatization may be associated with dehis-
cence of the bone covering the optic nerve, the carotid
artery, the pterygoid canal and/or the groove of the max-
illary nerve. Care should be taken when pinching off the
sphenoid mucosa since such dehiscence may result in
direct contact between the sinus mucosa and the over-
lying dura. The landmarks on the posterior wall of the
sphenoid guide the approach to the sella which is de-
fined laterally by the carotid prominences, superiorly by
the tuberculum sellae and inferiorly by the clivus.

14.2.2 Sellar Region

The sellar dura, which is formed by a dense junction
of the periosteal and meningeal dural layers, can host
the intercavernous sinuses whose configuration is
highly variable and which should be avoided or coag-
ulated before dura opening. During periost and dura
opening the surgeon should not go too deep into the
gland since it is surrounded by a thin capsule which
should be preserved. The color of the pituitary gland
(Fig.� 14.3a) is butter orange which reflects its mi-
crovascular organization. It is surrounded by a connec-
tive tissue capsule which serves as the route for blood
vessels and from which spreads the connective tissue
framework for the pituitary cells. The arteries of the pi-
tuitary gland arise from the internal carotid arteries as
the superior and inferior hypophyseal arteries
(Fig.�14.3b, c). The superior hypophyseal arteries sup-
ply the optic chiasm, the floor of the hypothalamus and
the median eminence. They distribute vertical branches
to the hypophyseal stalk and give off a vertical branch,
the artery of the trabecula, which represents an anasto-
mosis between the superior and inferior hypophyseal
artery branches. Each inferior hypophyseal artery di-
vides into a medial and a lateral branch which anasto-
mose with the corresponding vessels of the opposite
side, forming an arterial ring around the hypophysis.

Above the sella, the opening of the diaphragma sel-
lae can be wide thus allowing descent of the suprasellar
cistern into the sellar cavity. Such intrasellar arachnoid
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Fig. 14.3 Sellar area. Vascularization of the pituitary gland. C
clivus, Ch chiasm, ds dorsum sellae, dotted line opening of the
diaphragma sellae, ICAc paraclival segment of the internal
carotid artery, ICAs parasellar segment of the internal carotid
artery, iha inferior hypophyseal artery, III oculomotor nerve,
Pg pituitary gland, ps pituitary stalk, sha superior hypophyseal
artery

a

b
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diverticula can be identified before dural opening as blue
areas. However, a wide superior intercavernous sinus
can have the same effect, although it will change in color
when probed with a sharp instrument (“refilling effect”).

14.2.3 Parasellar Area

In a widely pneumatized sphenoid sinus, the vidian and
the maxillary nerves can be visualized as well, under the
thin bony covering. These two nerves cross through the
lateral recess of the sphenoid sinus, which extends out-

ward from the main sinus cavity into the greater wing
of the sphenoid bone and is highly variable. This recess
can be involved by sellar lesions and represents a gate
to unlock the cavernous sinus, the middle skull base and
the infratemporal fossa. To highlight the lateral recess
of the sphenoid sinus an endonasal transmaxillary
transpterygoid route can be followed (Fig.�14.4).

By removing the bone that covers the parasellar
carotid artery both the medial and lateral compart-
ments of the cavernous sinus are exposed. After dura
opening, by lateralizing the intracavernous carotid ar-
tery, the inferior hypophyseal artery is highlighted
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Fig. 14.4 Right nostril approach. Transantrum transpterygoid approach to the lateral recess of the sphenoid sinus (a, b) and exposure
of the lateral compartment of the cavernous sinus (c) through the quadrangular area enclosed between the maxillary and the vidian
nerves (d). The dotted lines indicate the medial antrostomy in a, the removal of the pterygoid process in b, and the boundaries of the
quadrangular area in d. C clivus, Co choana, CP carotid protuberance, ICAc paraclival segment of the internal carotid artery, ICAs
parasellar segment of the internal carotid artery, lrSphS lateral recess of the sphenoid sinus, pwMS posterior wall of the maxillary
sinus, Pg pituitary gland, pp pterygoid process, ppf pterygopalatine fossa, SF sellar floor, spa sphenopalatine artery, V1 ophthalmic
nerve, V2 maxillary nerve, V gasserian ganglion, VI abducens nerve, VN vidian nerve

a b

c d



(Fig.�14.5a, b). Passing laterally to the internal carotid
artery, the oculomotor, trochlear, abducens and maxil-
lary nerves are visualized along the lateral compart-
ment of the cavernous sinus. The ophthalmic nerve can
be identified behind the abducens nerve, while slight
medialization of the internal carotid artery allows iden-
tification of the trochlear nerve and of the inferolateral
trunk (Fig.�14.5c, d). The inferolateral trunk usually
crosses over the middle segment of the abducens nerve
and its branches provide blood supply to the cranial
nerves [14].

14.3 Procedure

14.3.1 Preoperative Workup

MRI and CT scans with coronal reconstruction should
be reviewed; attention should be paid to the following
items [15]:
• Nasal anatomy: septal deviations, presence of con-

cha bullosa or turbinate hypertrophy.
• Configuration of the floor of the anterior skull base,

presence of Onodi-Grünwald cells.
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Fig. 14.5 Intradural exploration of the medial (a, b) and lateral (c, d) compartments of the right cavernous sinus. The abducens nerve
can be followed running through the Dorello’s canal (b) and into the cavernous sinus (c), toward the superior orbital fissure (c, d).
� right posterior communicating artery, � Dorello’s point, C clivus, Ch optic chiasms, ds dorsum sellae, ICAc paraclival segment of
the internal carotid artery, ICAs parasellar segment of the internal carotid artery, iha inferior hypophyseal artery, III oculomotor nerve,
ilt infero-lateral trunk, OT optic tract, Pg pituitary gland, sha superior hypophyseal artery, SOF superior orbital fissure, V Gasserian
ganglion, V1 ophthalmic nerve, V2 maxillary nerve, V3 mandibular nerve, VI abducens nerve, vn vidian nerve

a b

c d



• Pneumatization of the sphenoid sinus, distribution
of its septa and their relationship with the optic canal
and the internal carotid artery.

• Intercarotid distance at the level of the sella (so-called
kissing carotids, when very close to each other).

• At level of the sella, beside the lesion, partial empty
sella or arachnoid diverticula should be noted pre-
operatively.
We advise the use of preoperative neuronavigation

in the following cases [16]:
• Presellar or conchal-type sphenoid sinus
• Recurrences previously operated upon transsphe-

noidally
• Huge lesions with wide suprasellar and parasellar

extension

14.3.2 Operating Room Set-up
and Patient Positioning

In the operating room, the endoscopic surgery equip-
ment (monitor, video camera, cold light source, and
video recording system) is placed behind the head of
the patient in such a way that both the operating sur-
geon and the second surgeon can comfortably look at
the monitor. Each component of the equipment should
be checked before the start of the procedure. The oper-
ating surgeon is usually on the right side of the patient
and the second surgeon on the left. The anesthesiologist
and the anesthesiologist’s equipment are positioned to
the left and the scrub nurse next to the patient’s legs.
The image guidance system, when used, is put beside
the main endoscopic monitor.

The patient is placed supine on the operating table,
under general anesthesia and orotracheal intubation.
The back is elevated by about 10º, and the head, in neu-
tral position, is rotated 10° towards the operating sur-
geon and secured in a horseshoe headrest. His/her eyes
should be protected with antibiotic eye ointment and a
wet pad should be inserted in his/her throat to plug the
oropharynx and prevent fluid collection in the airway.
A Foley urinary catheter should be used if it is possible
that the surgery will last more that 3 hours. Preoperative
antibiotics are routinely administered whereas intraop-
erative corticosteroid is reserved for patients with hy-
popituitarism. The nose is prepped with pledgets
soaked in 50% povidone-iodine gently inserted through
a small Killian-type nasal speculum and avoiding scar-
ring the nasal mucosa.

Before scrubbing up the surgeons should adjust the
operating table to a comfortable working height [17].

14.3.3 Surgical Technique

The procedure is performed with a rigid endoscope in-
serted into one nostril, usually the right one. We cur-
rently use a rigid 0° endoscope, 18�cm in length and
4�mm in diameter, (Karl Storz, Tuttlingen, Germany)
as the visualizing instrument, without any working
channel and inserted in an irrigation shaft to keep the
lens clean. It is held in the surgeon’s nondominant hand
until the anterior sphenoidotomy is completed and then
it can be either fixed to an adjustable table-mounted
holder or better if held by a second surgeon [18].

The operation is usually performed through a single
nostril up to the anterior sphenoidotomy. Then the en-
doscope plus the nondominant instrument is usually in-
serted through one nostril, while the main instrument
is inserted through the other nostril. The procedure con-
sists of three main steps: nasal, sphenoidal and sellar.

14.3.3.1 Nasal Step

The endoscope is inserted into the chosen nostril, usu-
ally the right, parallel to the nasal floor, and the nasal
septum is visualized medially. The inferior turbinate is
identified laterally and its tail is followed until the
choana, which is limited by the vomer medially and
the floor of the sphenoid sinus superiorly. The vomer
and the sphenoid keel provide good guidance to the
midline. Essential aspects of this stage include: tailored
widening of the nasal corridor and access to sphenoid
sinus.

Tailored Widening of the Nasal Corridor

Soft cotton pledgets, soaked in diluted adrenaline
(1/10,000, 1:20 dilution) are slid between the middle
turbinate and the nasal septum and a sharp instrument
is used to gently luxate it laterally. The instrument
should be parallel to the nasal floor thus reducing the
risk of entering the ethmoid and the anterior skull base.
Nasal crests can be fractured or septal deviations cor-
rected, if necessary.

Access to Sphenoid Sinus

Once the choana is identified, the endoscope is angled
upward, along the sphenoethmoid recess for approxi-
mately 1–1.5�cm above the roof of the choana and the
sphenoid sinus can be unlocked either through its nat-
ural ostium or through the sphenoid prow.
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14.3.3.2 Sphenoidal Step

Essential aspects of this stage include: anterior sphe-
noidotomy, removal of the sphenoidal septa, and iden-
tification of the anatomical landmarks on the posterior
wall of the sphenoid sinus.

Anterior Sphenoidotomy

The mucosa of the spheno-ethmoid recess is coagulated
bilaterally and the posterior part of the nasal septum is
removed for about 1 cm allowing a binostril access.
The nasal septum is detached from the anterior wall of
the sphenoid sinus with a high-speed microdrill using
a diamond burr of 5�mm diameter. The bone opening
on the anterior wall of the sphenoid septum is enlarged
circumferentially with a microdrill and/or bone
punches. Inferolateral extension of the bone opening is
usually not necessary but, if required, the mucosa is
carefully detached from the bone and the major trunks
of the sphenopalatine artery are coagulated with the
bipolar forceps to avoid their bleeding. 

Removal of the Sphenoidal Septa

After the anterior sphenoidotomy has been performed,
the distribution of the sphenoid septa as shown by the
preoperative neuroradiological studies is compared
with the endoscopic view. They are removed carefully
and not fractured, preserving the mucosa if not infil-
trated by the tumor. Their insertion along the posterior
wall of the sphenoid sinus may be a useful landmark
for identification of the edges of the sella.

Identification of the Anatomical Landmarks on the
Posterior Wall of the Sphenoid Sinus

After all the sphenoidal septa have been flattened, the
posterior and lateral walls of the sphenoid sinus are vis-
ible with the sellar floor at the center, the planum sphe-
noidale above it, and the clival indentation below. Lat-
eral to the sellar floor, the bony prominences of the
intracavernous carotid artery, the optic nerve and, be-
tween them, the optocarotid recess can be observed. In
the presence of a presellar or a conchal sphenoid sinus,
there will be a paucity of anatomic landmarks and the
identification of the lateral boundaries of the sella is
mandatory. In these cases the use of a neuronavigation
system and the microDoppler probe provide accurate

information with regard to the midline and position of
the parasellar internal carotid artery.

14.3.3.3 Sellar Step

From this step onwards the surgeon has absolutely to
operate bimanually, i.e. with two instruments, usually
one through each nostril, while the endoscope is held
dynamically by a second surgeon (three-/four-hand
technique). If necessary, but non recommendable, the
endoscope can be fixed to an adjustable holder, either
mechanical or pneumatic. Prior to opening the sellar
floor, it is essential to check if the endoscope has the
proper orientation to ensure that all anatomical land-
marks inside the sphenoid cavity are displayed in their
appropriate position. The correct orientation is crucial
with respect to the midline and to the approach.

Essential aspects of this stage include: opening of
the sellar floor, opening of the sellar dura, and tumor
removal.

Opening of the Sellar Floor

The surgical window should be extended between the
medial aspect of both cavernous sinuses. Depending on
the bone thickness and/or tumor infiltration, the sellar
floor is opened using a microdrill, a Kerrison rongeur,
a Stammberger circular cutting punch or a blunt dissec-
tor. The bone opening is enlarged until the carotid
prominences laterally and from the tuberculum to the
clival indentation (Fig.�14.6).

Particularly in cases of macroadenoma, if intraoper-
ative CSF leakage is foreseen, the sellar floor should
not be flattened to the clivus since it could be useful to
buttress further reconstruction of the osteodural defect.
The sellar dura should be widely exposed from one
cavernous sinus to the other and from the tuberculum
sellae down to the junction of the sellar floor to the
clivus.

Opening of the Sellar Dura

The superior intercavernous sinus should be identified
and avoided or coagulated. Several strategies can be
used to identify carotid arteries behind the dura such as
the use of the ultrasound Doppler probe and intraoper-
ative neuronavigation. The dura is incised sharply using
a scalpel with a telescopic blade, in a linear or cruciate
fashion. The direction of the dural opening should be
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from lateral to medial and superior to inferior; further
enlargement can be performed with scissors. During
dura opening the pituitary gland should not be entered
and both sellar dural layers should be incised, since in-
terdural dissection will cause venous bleeding from the
intercavernous sinuses.

Tumor Removal

There are different strategies for removal of a micro-
or a macroadenoma which are discussed separately.

When a microadenoma is enclosed in the sella, it is
critical to find a surgical plane at the margin of the ade-
noma and identify and preserve the normal gland. Pro-
viding one-third of the normal pituitary remains in the
sella, there is no risk of producing panhypopituitarism,
whereas manipulation of the pituitary stalk will cause
an endocrinological deficit and diabetes insipidus. The
development of a surgical plane at the margin of a mi-
croadenoma may be favored for the identification of a
pseudocapsule which comprises compressed reticulin,
and represents the scaffold of normal pituitary cells.
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Fig. 14.6 Exposure and opening of the sellar floor. + flattened sphenoid septum, � medial opto-carotid recess, � lateral opto-carotid
recess, C clivus, Co choana, CP carotid protuberance, CPc paraclival segment of the carotid protuberance, CPs parasellar segment
of the carotid protuberance, dotted line sellar bone window, iis inferior intercavernous sinus, MT middle turbinate, OP optic protu-
berance, PS planum sphenoidale, SF sellar floor, sis superior intercavernous sinus

a b

c d



The adenoma enclosed in its pseudocapsule is dissected
from the residual normal gland and removed en bloc,
when possible, or piecemeal [19].

Identification of the adenoma is not always clear
after opening of the dura, despite an accurate preoper-
ative neuroimaging study. The endoscopic close-up
view may improve the likelihood of identifying the
pathological tissue, which differs in color and consis-

tency from normal pituitary tissue. The normal pituitary
is yellowish orange and not easily aspirated at low pres-
sure, while adenomatous tissue is more yellow and soft
than normal pituitary tissue.

In the case of a macroadenoma, the inferior and lat-
eral components of the lesion should be loosened and
removed before the superior part, to prevent redundant
suprasellar cistern falling into the operative field, which
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Fig. 14.7 Preoperative (a, b) and postoperative (c, d) MR imaging in a case of pituitary macroadenoma, The postoperative images
(c, d) images show gross total removal of the tumor, decompression of the chiasm and residual pituitary gland
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would obstruct the view of the residual tumor
(Figs.�14.7 and 14.8). The parasellar extension of the
lesion should finally be removed under direct view and
after identification of the carotid artery and manage-
ment of venous bleeding.

The advantages of the endoscopic endonasal ap-
proach have led to the extension of its indications. The
endoscopic approach extended to the planum can be
used to manage fibrous adenomas or even giant adeno-
mas, approached transcranially in the past [20–22].
Rare fibrous adenomas, because of their hard consis-
tency, should be removed through an extracapsular dis-
section in which, after internal debulking, the tumor
edge is gently pulled medially, allowing further visual-

ization of the outer surface of the lesion and its interface
with the arachnoid. To allow such a view, the bone win-
dow is extended upward to the tuberculum sellae and
sphenoid planum.

The endoscope also provides specific benefits during
surgical management of lesions, mainly pituitary adeno-
mas, extending to the cavernous sinus, along tongue-like
projections of the pituitary gland itself or through weak
points in the meningeal layer [23]. Different transsphe-
noidal corridors permit access either medially or laterally
to the intracavernous internal carotid artery. The medial
compartment is highlighted by inserting the endoscope
through the nostril contralateral to the parasellar exten-
sion of the lesion. After identification of the intracav-

14 Transsphenoidal Approaches: Endoscopic 207

Fig. 14.8 Intraoperative view of the case shown in Fig.�14.7. During removal of the lesion (a) the infiltrated suprasellar cistern is
highlighted. Painstaking peeling of its posterior part delivers some more tumor (b). The cistern drops into the sella (c), even down
to the sellar floor (d). � lateral optocarotid recess, CP carotid protuberance, OP optic protuberance, SC suprasellar cistern, SF sellar
floor, T tumor
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ernous carotid artery pulsation, atraumatic angled suc-
tions cannulas and curettes can be inserted to remove
tumor extensions through the enlarged C-shaped loop of
the carotid artery (Fig.�14.9). Venous bleeding indicates
complete tumor removal and is easily controlled. Le-
sions extending toward the lateral compartment of the
cavernous sinus can be removed through the homolateral

transethmoid transpterygoid route directed to the lateral
recess of the sphenoid sinus (Fig.�14.10). The transeth-
moid transpterygoid route provides a wide frontal expo-
sure of the surgical target with the 0° endoscope and is
indicated to treat lesions with a soft consistency, such as
adenomas and chordomas. Resection of the middle
turbinate, the ethmoid and the medial pterygoid process
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Fig. 14.9 Intrasellar exploration of an intact medial wall of the right cavernous sinus (a), and another case in which the medial wall
of the left cavernous sinus has been violated by tumor extension (b). Dotted line opening in the medial wall of the cavernous sinus,
ICA internal carotid artery, mwCS medial wall of the cavernous sinus, pg pituitary gland, SC suprasellar cistern, T tumor

Fig. 14.10 Transantrum transpterygoid approach to the lateral compartment of the cavernous sinus through the quadrangular area.
� coagulated sphenopalatine artery, C clivus, Co choana, ICAc paraclival segment of the internal carotid artery, MT middle turbinate,
pp pterygoid process, ppf pterygopalatine fossa, pwMS posterior wall of the maxillary sinus, T tumor, V vomer, V2 maxillary nerve,
vn vidian nerve

a b
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highlights the lateral compartment of the sphenoid sinus,
where a quadrangular area is bounded superiorly by V2,
inferiorly by the vidian nerve and posteriorly by the
parasellar and paraclival carotid artery.

The endoscopic transsphenoidal approach provides
specific intraoperative advantages in the surgical man-
agement of sellar and intra- and suprasellar cystic le-

sions such as cystic pituitary adenomas and cranio-
pharyngiomas, and arachnoid and Rathke’s cleft cysts
[24, 25]. During the sellar step of the procedure, the en-
doscopic view facilitates the dissection of the capsule
from the suprasellar cistern and the identification of
CSF leakage over the suprasellar cistern surface. The
effectiveness of the endoscopic sellar exploration de-
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Fig. 14.11 Intrasellar exploration with zero (a) and 30° (b) endoscopes. Note how the angled view of the 30° endoscope improves
the likelihood of finding tears in the cistern. � hole in the arachnoid space, A1 precommunicating tract of the anterior cerebral artery,
Ch chiasm, ds dorsum sellae, sc suprasellar cistern

Fig. 14.12 Suprasellar Rathke’s cleft cyst. a Before cyst evacuation, the thickened arachnoid of the chiasmatic cistern is carefully
dissected. b After decompression, the cyst wall, tenaciously attached to the pituitary stalk, is left in place. Ch chiasm, OP optic pro-
tuberance, Pg pituitary gland, Ps pituitary stalk, sha superior hypophyseal artery, T tumor
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pends upon the width of the sella, the descent of the
suprasellar cistern, which may obliterate the tumor cav-
ity, and sellar and/or epidural venous bleeding.

For arachnoid cysts, after their evacuation, the sellar
cavity is inspected with a 0° and/or an angled scope to
evaluate the presence of communication with the sub-
arachnoid space directly or indirectly, by identifying air
bubbles over the cisternal surface. By maneuvering the
endoscope within the sella, a greater area is exposed
compared with the static anteroposterior perspective
under the microscopic view. When the 30–45° endo-
scope is used, structures in the suprasellar and parasel-
lar spaces come clearly into view (Fig.�14.11). For in-
trasellar Rathke’s cleft cysts, a low midline vertical
glandular incision is performed. Through this small cor-
ridor, the cyst contents are removed and the cyst wall
is removed partially in order to preserve pituitary func-
tion. For suprasellar Rathke’s cleft cyst, after evacua-
tion, its wall is removed in fragments unless strictly ad-
herent to the surrounding structures, specially to the
pituitary stalk, where it is left in place to avoid post-op
hypopituitarism (Fig.�14.12).

14.3.3.4 Sellar Reconstruction

Once the sellar lesion has been removed, the sella is re-
paired only in selected patients, mainly when intraop-
erative CSF leakage has occurred due to opening of the
suprasellar cistern [26–28]. Autologous or heterologous
materials, either resorbable or not, are used and the re-
construction technique is tailored to the leak entity, the
size of the osteodural defect and the presence of “dead
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Fig. 14.13 Diagram showing the main steps of a multilayer re-
construction: 1 intrasellar dead space filled with fibrin glue (Tis-
seel), 2 osteodural defect plugged with bone and dural substitutes,
3 intrasphenoidal scaffold of the overhanging reconstruction

Fig. 14.14 Intraoperative images of the leading strategies in the
multilayer reconstruction. a Intrasellar injection of fibrin glue
(Tisseel). b Sealing the osteodural defect. c Buttressing the re-
construction by injection of DuraSeal. � dural and bone substi-
tutes jammed in the osteodural defect (“Granma’s technique”),
� lateral optocarotid recess, C clivus, Co choana, NS nasal sep-
tum, PS planum sphenoidale

a

b

c

1

2

3



space” inside the sella. The aim of the repair is to guar-
antee a watertight closure, reduce the intrasellar dead
space, and prevent the descent of the chiasm into the
sellar cavity. Overpacking may lead to postoperative
optic chiasm compression and should be avoided.

The key steps in the multilayer reconstruction
(Figs.�14.13 and 14.14) are as follows:
1. Closure of the arachnoid defect, if identified, with fib-

rin glue (Tisseel; Baxter, Vienna, Austria). The supra-
sellar cistern can be reinforced with collagen sponge
or Tissudura or another autologous dural substitute.

2. Reduction of the intrasellar dead space with fibrin
glue (Tisseel).

3. Closure of the dura with a watertight seal using the
granma’s cup or gasket seal technique [28]. The
dural substitute is positioned extradurally and the

bone substitute (LactoSorb, Walter Lorenz Surgical)
is embedded in the extradural space dragging the
dural substitute. Other layers of dural substitute or
mucoperichondrium are overlapped.

4. Buttress the reconstruction by filling the sphenoid
sinus with fibrin glue or DuraSeal (Confluent Sur-
gical, Waltham, MA).

14.4 Pitfalls and Complication
Avoidance

Each step of the procedure has different pitfalls which
can lead to different complications (Tables�14.3 and
14.4) [29–32].
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Table 14.3 Complication avoidance

Surgical step Complication Tricks

Nasal step Anterior skull base CSF leakage Gentle luxation of the middle turbinate
Sphenopalatine artery branches bleeding Avoid inferolateral extension of the anterior sphenoidotomy

Careful coagulation of the mucosal borders

Sphenoid step Optic nerve/carotid artery injury Check landmarks on the posterior wall of the sphenoid sinus
and correct endoscope orientation
Use microDoppler probe and neuronavigation system

Sellar step CSF leakage Avoid sharp dissection during tumor removal
Remove the adenoma remaining in the extraarachnoid plane

ICA injury Remove the parasellar extension of the tumor under direct view
and using dedicated curettes and atraumatic suction

Hypopituitarism and diabetes insipidus Debulk the macroadenomas sequentially
Avoid traction on the stalk
Prevent empty sella by filling the dead space

Overpacking Use low-swelling collagen sponges to fill a bloodless dead space

Table 14.4 Bleeding management

Source of bleeding Control strategy

Nasal mucosa Anticongestant-soaked pledget
Analgesia
Monopolar/bipolar electrocautery
Radiofrequency coagulation

Septal artery Bipolar electrocautery
Bone Diamond burrs
Intercavernous sinuses Bipolar electrocautery (to stick the two layers)

Thrombin-gelatin matrix (Floseal) and pledget compression
Cavernous sinus Continued irrigation

Slight increase in arterial pressure
Head elevation

Tumor bed Irrigation
Compression with pledgets
Thrombin/gelatin matrix

Internal carotid artery Tamponade with thrombin/gelatin matrix (Floseal) and cottonoids
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15.1 Introduction

Transsphenoidal surgery was first described a century
ago by, among others, Schloffer, Cushing and Hirsch
[1]. In the 1950s and 1960s, Dott, Guiot and Hardy
began using the sublabial transsphenoidal route for re-
moval of pituitary adenomas. With the advent of the op-
erating microscope and the technique of selective ade-
nomectomy as described by Hardy in the early 1970s,
transsphenoidal surgery emerged into the modern mi-
crosurgical era [2–4]. Additional experience in the
1970s and early 1980s by Wilson, Weiss, Laws, and
others, further improved the safety and efficacy of
transsphenoidal surgery [5–13]. Subsequent modifica-
tions were developed to minimize mucosal trauma and
patient discomfort associated with the sublabial ap-
proach [14–20], most notable of which was the direct
endonasal approach first described by Griffith and Veer-
apan in 1987 [17] and later by Cooke and Jones in 1994
[15]. This approach, which requires minimal posterior
nasal mucosal dissection and no turbinate removal, is
now commonly used with the operating microscope and
often with endoscopic assistance [15, 17, 21–26]. Al-
though it provides a somewhat more restricted exposure
than the sublabial approach and a slightly off-midline
trajectory, these factors can be addressed and used to
one’s surgical advantage for tumor removal.

The evolution of the technique over the last decade,
resulting largely from better instrumentation, surgical

navigation and, perhaps most importantly, endoscopy
[27–32], has lead to the extension of the approach be-
yond treating pituitary adenomas to the management of
a variety of parasellar tumors [33–38]. In this chapter we
describe the operative technique, a summary of patholo-
gies treated, potential pitfalls and surgical complications.

15.2 Surgical Technique

15.2.1 Instrumentation

Given the narrow working space and requirement for
visualization from the operating microscope, all instru-
ments are as low-profile as possible with angled or bay-
oneted handles to minimize visual obstruction and to
maximize instrument maneuverability. Thus, Cottle dis-
sectors, microdissectors, ring curettes and microblades
are on bayoneted handles. Similarly, microscissors,
tumor grasping forceps (both straight and up-angled)
are used in a single-shaft pistol-grip construct to mini-
mize visual obstruction. High-speed drills and ultra-
sonic aspirators also are of the lowest possible diameter
with angled handpieces. Endoscopic equipment includes
4-mm rigid endoscopes (18�cm in length) with 0, 30 and
45° angled lenses (Karl Storz, Tuttlingen, Germany). A
microDoppler probe is also used in all cases to localize
the cavernous carotid arteries prior to dural opening.

15.2.1.1 Modified Endonasal Specula

Two new trapezoidal specula with a short length (60 or
70�mm) have been designed, one with a trapezoidal up-
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ward-angled distal end and one with a trapezoidal
downward-angled distal end (Mizuho-America, Bev-
erly, MA) [30].

In contrast to the longer (70–90�mm), oval-shaped
endonasal specula, the new trapezoidal speculum blades
have three segments. The first 20-mm segment is an
oval shape similar to the traditional endonasal specula,
to conform to the nostril and minimize mucosal trauma.
The middle 20-mm segment is vertically oriented and
the distal 20 to 30-mm segment transitions to a trape-
zoidal shape with either a 15° upward and outward ori-
entation or a 15° downward and outward orientation for
suprasellar and infrasellar access, respectively. Both the
suprasellar and the infrasellar trapezoidal specula have

a 5° outward flare at the distal end (Fig.�15.1a). Com-
pared with the standard 70- and 80-mm endonasal oval-
shaped specula in a transsphenoidal model, the 60-mm
upward-angled trapezoidal speculum provides in-
creased surface area exposure at the parasellar target
and a wider angle of exposure, particularly in the su-
perior parasellar area [30] (Fig.�15.1b). The trapezoidal
design minimizes the problem of curved blade ob-
struction encountered with traditional oval specula.
The combination of the distal trapezoidal construction
and shorter length expands the working volume within
the speculum, widens the degree of horizontal exposure
in the parasellar space, and improves instrument ma-
neuverability.
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Fig. 15.1 a Photographs comparing the
distal ends of an oval-shaped speculum,
and trapezoidal down-angled and up-an-
gled specula. b Line drawings comparing
60-mm, 70-mm and 80-mm endonasal
specula depicted as parallel lines with 16-
mm proximal and distal openings and a
target distance of 100�mm from the nos-
tril to the sellar target. Note that the 60-
mm speculum has the largest angle of ex-
posure. The widths of exposure at the
100-mm target are 37�mm, 30�mm and
24�mm for the 60-mm speculum, the 70-
mm speculum and the 80 mm speculum,
respectively. (From Fatemi et al. [30])

a
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15.2.2 Patient Preparation, Positioning
and Room Set-Up

Endonasal surgery is performed as originally described
by Griffith and Veerapen with several modifications as
described below [17, 33, 38]. Preoperative antibiotics
(typically cefazolin) are given and continued for
24�hours. In patients with normal preoperative adrenal
function or those with Cushing’s disease, no perioper-
ative glucocorticoids are administered [39]. Those with
adrenal insufficiency or borderline adrenal function are
given 100�mg of intravenous hydrocortisone.

Following induction of general anesthesia, the en-
dotracheal tube emerges from the left corner of the
mouth and the anesthesiologists and anesthesia equip-
ment are positioned on the left side of the patient. An
arterial line and Foley catheter are placed. The patient
is placed supine with the head resting freely in the
horseshoe head-holder and angled approximately 30°
towards the left shoulder as originally described by
Laws [40]. This arrangement allows the surgeon to
stand comfortably on the patient’s right side. The head
is inclined in a neutral plane (0°) relative to the floor
for sellar lesions; for suprasellar lesions, 10–15° of
neck extension is used, and for infrasellar and clival le-
sions 10–15° of neck flexion is used.

Surgical navigation for trajectory guidance is rec-
ommended for all endonasal cases. Although C-arm
fluoroscopy is adequate for most pituitary adenomas
and Rathke’s cleft cysts, in more recent years, frameless
surgical navigation (VectorVision cranial; BrainLab,
Westchester, IL) has been used for all cases. The peri-
nasal and right lower abdominal areas are sterilely
prepped and draped. No nasal mucosal decongestants
are used.

15.2.3 Nasal Portion and Sphenoidotomy

The initial portion of the procedure is performed with
the operating microscope and a hand-held speculum.
The nostril chosen for the approach is based largely
upon tumor location as defined by the patient’s preop-
erative MRI scan. For tumors projecting more to one
side of the sella, the contralateral nostril is used, given
that exposure across the midline to the contralateral
sella and cavernous sinus area is consistently wider
than to the ipsilateral side. This rule applies even in the
vast majority of patients with marked septal deviations.
In patients with relatively midline tumors, the right nos-

tril is typically chosen because the surgeon stands on
the patient’s right side and this will afford a more com-
fortable operating position for the surgeon. Although a
relaxing alar incision was used in a small minority
(<5%) of cases in our early experience, given the avail-
ability of smaller and thinner specula, it is no longer
necessary.

The approach is begun with a hand-held speculum
being passed into the anterior nostril to identify the in-
ferior and middle turbinates. The speculum is then gen-
tly passed along the trajectory of the middle turbinate.
Care should be taken to minimize trauma to the anterior
and midnasal septum as well as the turbinates. The
speculum blades gently displace the middle turbinate
laterally and pass further into the nasal cavity to expose
the junction of the keel of the sphenoid and the posterior
nasal septum. After confirming the correct trajectory to
the sella with fluoroscopy or surgical navigation, the
posterior septal mucosa is cauterized with a bipolar in
a vertical swath and a vertical mucosal incision is made
extending for approximately 2�cm with a Cottle eleva-
tor. The mucosa is elevated and reflected laterally to ex-
pose the midline keel of the sphenoid bone and ipsilat-
eral sphenoid ostium, which is typically superior–lateral
to the equator of the keel at the 10�o’clock or 2�o’clock
position. The posterior nasal septum is then displaced
off the midline by the distal tips of the hand-held specu-
lum to expose the contralateral side of the keel. The
Cottle elevator is used to further reflect this contralat-
eral mucosa to expose the other sphenoid ostium.

Once the sphenoid keel and ostia are exposed, the
hand-held speculum is removed and replaced by a self-
retaining endonasal speculum, typically 60–70�mm in
length (Mizuho America). Alternatively, the hand-held
speculum can act as a sleeve for the self-retaining en-
donasal speculum. After the endonasal speculum is
placed, the two halves of the hand-held speculum are
removed in two separate pieces to minimize mucosal
trauma. The distal speculum blades should straddle the
sphenoid keel and the nasal end of the speculum should
be flush with the nostril. The sphenoid keel should be
clearly exposed bilaterally with the ostia seen at ap-
proximately 10�o’clock and 2�o’clock within the cir-
cumference of the speculum. If the ostia are seen higher
than this, the speculum trajectory is likely too inferior
and aiming under the sella which can be confirmed
with surgical navigation.

A wide sphenoidotomy is then performed with pi-
tuitary and Kerrison rongeurs. Sphenoid bone and mu-
cosal removal should extend beyond the lateral edges
of the ostia bilaterally and allow visualization of the
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tuberculum sella and sellar floor. Given that the
spheno-palatine arteries run in the posterior inferior
nasal mucosa at a position of approximately 8 o’clock
and 4 o’clock (Fig.�15.2), it is best to displace this mu-
cosa laterally with the speculum or to cauterize it prior
to removing it to avoid injuring the artery with a Ker-
rison or pituitary rongeur. This bleeding, however, can
be stopped relatively easily with bipolar or monopolar
cautery.

15.2.4 Sellar Exposure

After the sphenoidotomy is completed, the face of the
sella turcica is identified. It is important at this point to
correlate the intraoperative view of any intrasphenoidal
bony septations with septations seen on the patient’s pre-
operative MRI scan. Particular note should be made on
the coronal images of where these septations reach the
posterior wall of the sphenoid sinus relative to the
carotid arteries, pituitary gland and tumor, and on sagit-
tal views where such septations reach the planum or
sella. Septations that end on the sellar face are removed
with a rongeur down to the sella; those that end over a
carotid artery should be removed with care and exces-
sive torque on the bone fragments should be avoided.

Mucosa over the sella is removed, but the remaining
sphenoid sinus mucosa is left undisturbed. The bony sel-
lar face is then removed from cavernous sinus to cav-
ernous sinus and from the sellar floor inferiorly to the
tuberculum sella superiorly with a Kerrison rongeur or
in some instances a high-speed diamond bit drill. In pa-
tients with large invasive tumors, the sellar bone may be
markedly thinned or absent and tumor may be directly
under mucosa or under attenuated or absent sellar dura.

15.2.5 Cavernous Carotid Localization

After adequate sellar bone removal and before dural
opening, a bayoneted microDoppler probe is used to in-
sonate for the cavernous carotid arteries bilaterally.
Suitable probes include the 10-MHz ES-100X
MiniDop with NRP-10H bayonet probe (Koven, St.
Louis, MO) or the 20-MHz Surgical Doppler (Mizuho
America, Beverly, MA). As previously described, the
probe is placed initially at the edge of the bony opening
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Fig. 15.2 Illustration of the sphenoid keel showing the optimal
sphenoidotomy (black opening) needed to achieve adequate ac-
cess into the sphenoid sinus and to most sellar lesions. The red
and blue oval openings represent suboptimal and restricted sphe-
noidotomies seen in patients undergoing reoperation. (From
Mattozo et al. [37])

Fig. 15.3 Illustration showing a right endonasal view of the sella
containing a macroadenoma that projects more to the left with
the normal gland compressed along the right side of the sella.
The sellar bone has been removed and, as is often the case, re-
moval of the contralateral bone on the left is somewhat more ex-
tensive than on the right, leaving the medial edge of the left cav-
ernous internal carotid artery exposed. The microDoppler probe
is being used to localize the left cavernous internal carotid artery
and to guide the appropriate location for dural opening (C cav-
ernous internal carotid artery, P pituitary gland, T tumor). (From
Dusick et al. [29])



at 90° to the dura [29]. If faint or no audible flow is
present, the probe is angled more laterally aiming under
the bone edge, and in most cases, the carotid flow will
become louder (Fig.�15.3). The probe is then moved su-
periorly and inferiorly to further determine the course
of the carotid which typically courses more medially in
the superior sellar area. In most patients, the carotids
have their most medial course superiorly near the tu-
berculum sella just before they pass through the dural
ring to enter the subarachnoid space. If no Doppler flow
is evident, then additional bone can be removed later-
ally to maximize sellar exposure. If audible flow is still
not evident, consideration should be given to whether
there is a technical problem with the probe, which can
occur on occasion.

15.2.6 Dural Opening

A wide sellar dural is opening is performed with a
straight microblade (Mizuho America) in a U-shaped
fashion, avoiding the area of greatest audible Doppler
flow [29]. Ideally, the initial dural opening should not
transgress the pituitary gland or adenoma. After the ini-

tial opening, angled microdissectors are used to sepa-
rate the dura from the underlying tumor and pituitary
gland. The dural opening is then enlarged superiorly,
inferiorly and laterally as needed with the use of a right-
angle microhook blade or curved microscissors, which
allow the cutting force of the blade to be directed away
from the sellar and cavernous sinus structures [29]
(Fig.�15.4). Care should be taken not to extend the dural
opening too far superiorly in patients with microade-
nomas who often have a shallow sella and low-lying
diaphragma sellae; such an opening can result in an
early CSF leak. Laterally, the opening should generally
extend to within 1–2�mm of the medial wall of the cav-
ernous sinus. Low pressure cavernous sinus venous
bleeding is generally easily controlled using Surgifoam
(Ethicon, Johnson & Johnson Co., Piscataway, NJ) or
Gelfoam (Pfizer, New York, NY) as needed.

15.2.7 Adenoma Removal

A selective and complete adenomectomy with preser-
vation or improvement of pituitary gland function
should be the goal in patients undergoing adenoma re-
moval. In many instances, the tumor pseudocapsule can
be identified and a plane established between the ade-
noma and normal gland. Using microdissectors, irriga-
tion and gentle traction on the pseudocapsule, such ade-
nomas can often be removed completely with
preservation of the pseudocapsule as described by Old-
field and Vortmeyer [41]. However, many if not most
large macroadenomas are quite soft and require initial
internal debulking with ring curettes and suction. After
so doing, the tumor “rind” with an intact pseudocapsule
can be gently separated away from the normal gland
and diaphragma sellae. For the occasional firm or rub-
bery adenoma, initial debulking with curved and
straight pistol-grip microscissors may be needed. Ade-
nomas with suprasellar extension should be debulked
inferiorly first, followed by removal of the suprasellar
component. This sequence allows the suprasellar tumor
to in part deliver itself from above and may minimize
the likelihood of causing an early CSF leak. For large
macroadenomas, it is essential to confirm descent of
the diaphragma sellae as an indication that a complete
tumor removal has been accomplished. Probing the
folds of the diaphragma with 45° and 90° up-angled
ring curettes bilaterally, posteriorly and anteriorly will
help dislodge residual tumor in these areas. To further
encourage downward descent of the suprasellar tumor,
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Fig. 15.4 Illustration showing the initial sellar dural opening in a
U-shaped fashion (solid line) which is performed with a straight
microblade as shown in Fig.�15.5, and the subsequent lateral dural
openings (dashed lines) that may be utilized for additional expo-
sure, and which should be performed with a right-angled micro-
hook blade or angled microscissors (C cavernous internal carotid
artery, P pituitary gland, T tumor). (From Dusick et al. [29])



the anesthesiologist can induce a Valsalva maneuver to
transiently increase intracranial pressure.

Since most macroadenomas, even with a large
suprasellar extension, are contained by a thinned but
largely intact diaphragma sellae, the diaphragma sellae
should completely invert and fall into the enlarged sella
once complete tumor removal is accomplished. A use-
ful check for assessing completeness of removal of
such suprasellar adenomas comes from reviewing the
preoperative sagittal MRI scan. If an imaginary line is
drawn from the planum across the tumor to the poste-
rior dorsum sella (where the diaphragma has its points
of attachment), the volume of suprasellar tumor seen
on the MRI scan above this line should correspond to
the volume created by the complete inversion of the di-
aphragma into the sellar space seen at surgery. If this
“mirror image” descent of the diaphragma sellae is not
seen intraoperatively and only a partial descent of the
diaphragma is noted, residual tumor is likely present.

For tumors with obvious or possible cavernous sinus
invasion, one should attempt to visualize the medial
cavernous sinus wall. A microscopic view of the cav-
ernous sinus contralateral to the nostril of approach can
often be achieved provided enough lateral sellar bone
has been removed and a short endonasal speculum (60–
70�mm) is in position. Under direct visualization, in
some instances, what appeared to be cavernous sinus
invasion on the MRI scan may only be tumor compres-
sion of the medial cavernous sinus wall [42, 43]. How-
ever, in many cases, after the sellar tumor has been re-
moved, a defect in the medial cavernous sinus wall is
seen. Tumor in the medial cavernous sinus can often be
removed or at least effectively debulked using gentle
suction and angled ring curettes which have smooth
outer edges. Given the potential for injury to the cav-
ernous carotid and the abducens nerve lateral to the
carotid, aggressive curetting or grasping of tumor tissue
along or lateral to the carotid artery should be avoided.

15.2.8 Endoscopic Assistance
to Maximize Tumor Removal

Once tumor removal is as complete as possible with the
microscope, the 0°, 30° and 45° angled endoscopes can
be utilized to further assess for residual tumor, particu-
larly in patients with macroadenomas extending into
the suprasellar or cavernous sinus regions. This endo-
scopic “look” is especially helpful where the di-
aphragma sellae may not have descended fully into the

sella and in extended approach procedures for nonade-
nomatous lesions as described below. In the majority
of such cases, the endoscope will reveal additional
suprasellar tumor hindering a full descent of the di-
aphragma. Removal of such tumor remnants can often
be performed directly with the endoscope using angled
suctions, tumor grasping forceps or ring curettes, or
with microscopic visualization and angled ring curettes.
Similarly, endoscopic visualization of the medial cav-
ernous sinus will often allow additional tumor to be re-
moved that was not visualized or inaccessible with the
operating microscope.

Endoscopic visualization and tumor removal is best
performed with a three-hand technique in which the as-
sistant holds and drives the endoscope and the surgeon
holds the suction and a ring curette or tumor grasping
forceps. Alternatively, one can use a fixed endoscope
holder, but this provides less maneuverability and flex-
ibility compared with a surgical assistant. The endonasal
speculum can also be removed allowing a binostril ap-
proach; the endoscope can then be placed in one nostril
and the working instruments in the opposite nostril, fur-
ther reducing instrument conflict and crowding.

15.2.9 Extended Approach Modifications

Several important modifications are employed for
reaching suprasellar, infrasellar and cavernous sinus le-
sions [30, 33, 36]. Surgical navigation and endoscopy
is recommended in all such cases. To maximize maneu-
verability of the endoscope and other instruments, it is
important to perform a wider and taller sphenoidotomy
than for isolated sellar lesions; the sphenoidotomy
should extend to the ethmoid roof superiorly and to the
level of the floor of the sphenoid sinus inferiorly. A
short (60 mm) up-angled or down-angled trapezoidal
speculum is used to provide greater suprasellar or in-
frasellar exposure and to facilitate use of the endoscope
[30]. To gain full advantage of these short specula, 1 to
2 cm of posterior nasal septum and all lateral obstruct-
ing bone or soft tissue along the keel is also removed.

15.2.9.1 Suprasellar and Planum Lesions

With increasing experience, the endonasal approach
can be used to remove a variety of nonadenomatous
suprasellar tumors such as craniopharyngiomas (par-
ticularly those in the retrochiasmal space), supraglan-
dular Rathke’s cleft cysts and smaller tuberculum sella
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meningiomas (under 30–35�mm in diameter and with-
out far lateral extension). For such tumors, the patient
is positioned with neck extension of 10–15° from neu-
tral which affords a more comfortable operating posi-
tion for the surgeon. As previously described [33], a
low-profile high-speed drill (Micromax; Anspach,
Palm Beach Gardens, FL) with a 2- or 3-mm diamond
bit is used to remove the tuberculum sella and posterior
planum. Care should be taken not to extend the bony
opening too far laterally at the level of the optic canals
which are the width-limiting structures at this level.
Most of these lesions are more fibrous, rubbery, or par-
tially calcified, and require sharp dissection with
curved and straight microscissors along arachnoid
planes. In patients with intact pituitary function, preser-
vation of function is typically possible in those with
supraglandular Rathke’s cleft cysts and tuberculum sel-
lae meningiomas, but is often not possible in patients
with craniopharyngiomas, particularly those that engulf
the pituitary stalk [44]. After tumor debulking, the
tumor capsule is dissected away from arachnoid attach-
ments using sharp dissection and gentle traction.
Tumor remnants that are densely adherent to the in-
fundibulum, the optic apparatus or perforating vessels
from the supraclinoid carotid or anterior cerebral com-
plex should be left behind to avoid new neurological
or hormonal deficits.

15.2.9.2 Clival Lesions and Cavernous Sinus
Lesions

Given that most clival chordomas have their epicenter
medial to the cavernous carotid arteries, they can typi-
cally be removed or debulked through an endonasal ap-
proach. As we recently described, to remove such chor-
domas in the infrasellar and cavernous sinus regions, a
wide sphenoidotomy is carried to the floor of the sphe-
noid sinus [36]. A short (60-mm) down-angled endo-
nasal trapezoidal speculum is used as the working chan-
nel. Given the tendency of clival chordomas to distort
the course of the petrous, vertical and cavernous por-
tions of the carotid arteries, the microDoppler probe and
surgical navigation are used to help localize these ves-
sels before and during tumor removal. Given the inva-
sive nature of clival chordomas, complete microscopic
tumor removal is rarely possible. However, in the pres-
ence of intradural chordoma extension, the dura should
be opened further to maximize tumor removal under
both microscopic and endoscopic visualization [36].

For removal of tumors with extensive cavernous
sinus invasion such as invasive pituitary adenomas or

clival chordomas, one can approach these lesions from
the contralateral nostril or from the ipsilateral nostril
after resecting the ipsilateral middle turbinate. By re-
moving the middle turbinate, the lateral speculum blade
can expand more widely, allowing a greater removal of
the ipsilateral sphenoid keel and providing direct cav-
ernous sinus exposure lateral to the ipsilateral cav-
ernous carotid artery. For tumors with extensive bilat-
eral involvement, a binostril approach can be used. For
descriptions of the removal of other tumor types such
as Rathke’s cleft cysts, sphenoid sinus carcinomas and
intradural retroclival epidermoid tumors reference
should be made to our recent publications [33, 35, 45].

15.2.10 Intrasellar Hemostasis

After tumor removal, hemostasis is obtained with he-
mostatic agents including Surgifoam (Ethicon, Johnson
& Johnson Co., Piscataway, NJ) and full-strength hy-
drogen peroxide. The peroxide is irrigated directly into
the sphenoid sinus and sella for up to 5�minutes. Its use
appears safe from the standpoint of pituitary hormonal
function as we have recently demonstrated, and it may
have additional tumoricidal effects on residual micro-
scopic foci of adenoma [46]. However, it should not be
used if there is a large diaphragmatic defect present
which would allow it to track into the subarachnoid
space. In cases in which there is persistent oozing, one
should further inspect the sella with the endoscope to
look for residual tumor. Of six patients with postoper-
ative hematomas in our series requiring a return to the
operating room, four (67%) were patients with a large
macroadenoma (30 mm or greater in maximal diame-
ter) who in retrospect had residual tumor remnants left
at the initial operation; these remnants presumably con-
tinued to ooze, prompting urgent reoperation within
12�hours of the first surgery.

15.2.11 Skull Base Reconstruction
and CSF Leak Repair

As recently described [47], skull base reconstruction
and CSF leak repair are tailored to the size of the CSF
leak and bony and dural defect. Prior to reconstruction,
an assessment of the size of diaphragmatic defect is
performed. If no obvious defect is seen, a Valsalva ma-
neuver is induced to help visualize an occult or small
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(grade 1) CSF leak emanating through a small di-
aphragmatic defect.

All repairs involve the use of collagen sponge
(Duragen, Helistat or Instat), as part of the repair
which acts as a scaffolding for fibroblast in-growth and
a vascularized dural replacement [48–51].

In patients with no CSF leak (grade 0), a single
layer of minimally moistened collagen sponge placed
over the exposed diaphragma sellae, pituitary gland
and sellar dura is typically used as the only repair ma-
terial. For most small (grade 1) CSF leaks, the repair
includes intrasellar collagen sponge with an intrasellar,
extradural buttress of titanium mesh or Medpor TSI
(transsphenoidal sellar implant; Porex Corporation,
Fairburn, GA) and a second outer layer of collagen

placed over the buttress and adjacent sellar and sphe-
noid bone. The repair is typically held in position with
a small amount of tissue glue (BioGlue or DuraSeal).
For medium (grade 2) CSF leaks or grade 1 leaks with
a large intrasellar dead space, the repair includes an in-
trasellar abdominal fat graft, a layer of collagen sponge
followed by a buttress of titanium mesh or a Medpor
plate placed in the intrasellar extradural space. Addi-
tional fat is typically placed over the sella followed by
another layer of collagen; the construct is held in po-
sition with tissue glue. 

In some recent cases of grade 1 and 2 leaks, no but-
tress has been used, and instead the repair with collagen
sponge with or without a fat graft has been reinforced
only with tissue glue which is itself relatively rigid.
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Fig. 15.5 Grade 3 repair of the skull-base defect after tumor removal: a tuberculum sellae meningioma; b after tumor removal and
before repair; c intrasellar and suprasellar fat is placed followed by a layer of collagen sponge (red) placed over the fat; a titanium
mesh buttress is placed in the intrasellar extradural space, wedged inferiorly into the bony lip of the sella and wedged superiorly into
the bony defect of the posterior planum sphenoidale; d additional fat is placed over the mesh in the sphenoid sinus; e this is followed
by another layer of collagen sponge then tissue glue. (From Esposito et al. [47])
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Such patients are also placed on Diamox (acetazo-
lamide) 250 mg every 8�hours for 48�hours after surgery
to reduce CSF production. Although this is anecdotal,
to date, we have had no failures with this more simpli-
fied repair method. To further assess the adequacy of
the repair, prior to placing tissue glue, the anesthesiol-
ogist is asked to perform a Valsalva maneuver to raise
the patient’s intracranial pressure; should there be CSF
streaming around the repair or movement of the but-
tress, the repair should be revised.

For large (grade 3) defects, typically seen with ex-
tended suprasellar or transclival approaches, the repair
construct is similar to that for the grade 2 repair, and a
lumbar drain for CSF diversion is also placed for
48�hours (Fig.�15.5). Grade 3 leaks, however, are un-
common after adenoma removal, unless they are exten-
sively invasive above the diaphragma sellae. It is im-
portant to note that use of tissue glue in this repair
paradigm is not for stopping egress of CSF per se, but
more to prevent migration of the construct materials
(fat and collagen) away from the sella [52].

15.2.12 Nasal Closure

Once sellar reconstruction is complete, the endonasal
speculum is removed and the hand-held speculum is
again used to explore both the operated and nonoper-
ated nasal cavities with the microscope. In most in-
stances, there may be mild venous oozing from along
the nasal septum, inferior turbinate or middle turbinate.
Such mucosal bleeding is stopped with Surgifoam or
bipolar cautery. Nasal hemostasis should be relatively
complete to minimize the amount of blood the patient
will swallow during the first few hours after surgery
which can otherwise result in nausea and vomiting.
The middle turbinate on the side of the approach, which
is out-fractured by the speculum at the start of the pro-
cedure, is medialized toward the nasal septum; this
minimizes the chance of development of a maxillary
sinus mucocele.

Finally, using the hand-held speculum in the con-
tralateral nostril, the nasal septum is returned to the
midline. No nasal packing is used; a small gauze
“moustache” dressing is placed over the nostrils. To
minimize the likelihood of a postoperative CSF leak,
nasal epistaxis or intrasellar bleeding, excessive cough-
ing on the endotracheal tube should be avoided during
extubation and blood pressure should be carefully
monitored and controlled in the early postoperative
period.

15.2.13 Postoperative Care

Most patients undergoing adenoma or Rathke’s cleft
cyst removal are admitted to a non-ICU bed and their
arterial line is removed before leaving the recovery
room. For the first postoperative night, patients are given
a humidified face tent and decongestants are available
upon request. Saline nasal spray is provided for a week
after surgery and used based on patient preference. The
Foley catheter is removed on the morning of postoper-
ative day one and patients are encouraged to ambulate.

All patients with pituitary-related lesions are fol-
lowed in-hospital by an endocrinologist. Patients are
monitored for diabetes insipidus based on urine output
and urine specific gravity. Adrenal function is moni-
tored by measuring a.m. serum cortisol and ACTH lev-
els on the mornings of postoperative days one and two.
For patients with acromegaly, a prolactinoma or Cush-
ing’s disease, growth hormone, prolactin and cortisol/
ACTH levels are followed on postoperative days one
and two to document early remission based on subnor-
mal hormone levels [38, 39]. Most patients are dis-
charged home on postoperative day 2 and have a serum
sodium level checked on postoperative day 4 or 5 to
monitor for delayed hyponatremia [53, 54]. The first
postoperative visit is at 2 to 3 weeks after surgery with
a follow-up visit at 3 months after surgery, including a
complete pituitary hormonal evaluation. An early post-
operative MRI or CT scan is typically performed within
2�days of surgery for patients with a macroadenoma or
another larger tumor. The next follow-up MRI scan is
usually performed at 3 months after surgery.

15.3 Discussion

The major advantage of the direct endonasal approach
over the sublabial transsphenoidal approach is the ob-
viation of mucosal tunnels and nasal packing, resulting
in a rapid and less-painful patient recovery [34, 38].
The major disadvantage of this approach is restricted
visualization and maneuverability imposed by the en-
donasal speculum and the tunnel vision of the operating
microscope. To minimize these limitations and to max-
imize parasellar access, several strategies are recom-
mended. These include:
1. Approach from the nostril contralateral to the great-

est degree of tumor extension.
2. Perform a wide sphenoidotomy that incorporates

both sphenoid ostia.
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16.1 Introduction

Shaped by the brilliant insight of individual surgeons
and technological innovation, the microscopic
transsphenoidal approach to the sellar and parasellar re-
gions is a fascinating chronicle in surgical history
whose evolution continues unabated. Indeed, although
subtemporal, transfacial, and frontal transcranial routes
were propounded at the turn of the 20th century, only
the transsphenoidal route has endured as the preferred
approach to the overwhelming majority of sellar and
parasellar lesions.

Transsphenoidal approaches to the sella were pre-
ceded by transcranial surgical attempts to gain access
to the region. Fedor Krause of Berlin described the de-
tails of a frontal transcranial approach to the sella in
1905; varying modifications of frontal and subtempo-
ral approaches by such pioneering surgeons as Sir Vic-
tor Horsley, Walter Dandy, and Harvey Cushing fol-
lowed [1]. The morbidity of these transcranial
approaches, however, catalyzed the development of
extracranial approaches to the sella. Schloffer reported
the first transsphenoidal approach to the sella in 1907
[2], followed by von Eiselsberg [3] and Kocher [4];
their approaches required external rhinotomy inci-
sions. Endonasal and sublabial approaches performed
without a disfiguring rhinotomy incision were soon in-
troduced by Hirsch [5] and Halstead [6], respectively,
en route to Cushing’s introduction of his sublabial sub-
mucosal transseptal approach [7]. Although Cushing

famously abandoned transsphenoidal surgery in favor
of transcranial techniques in 1927, transsphenoidal ap-
proaches were sustained and refined by Norman Dott,
his trainee Gerard Guiot—who would introduce fluo-
roscopy—and Jules Hardy, whose titanic contributions
included the introduction of the operating microscope
and the concept of the microadenoma to transsphe-
noidal surgery [5].

Since its inception, the microscopic transsphenoidal
approach has undergone several modifications: the sub-
labial approach has given way to primary endonasal
techniques, which have become increasingly direct;
frameless stereotaxy has been routinely adopted; and
the corridors accessible through the transsphenoidal ap-
proach have been extended and, as reviewed elsewhere,
the endoscope has added significantly to the armamen-
tarium of the transsphenoidal surgeon [8]. Fundamen-
tally, these are skull-base approaches emphasizing wide
bony exposure, microsurgical techniques and microdis-
section.

In this chapter, we review the essential practical de-
tails of the microscopic transsphenoidal approaches
with a focus on surgical technique, drawing on the per-
sonal series of over 5,000 transsphenoidal operations
performed by the senior author (E.R.L.).

16.2 Special Considerations

Several variations of the microscopic transsphenoidal
approach have been described. Among these are the
transnasal and sublabial submucosal transseptal,
transnasal septal displacement/septal pushover, and the
direct sphenoidotomy [9, 10]. Preoperative considera-
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tions in the microscopic transsphenoidal approach in-
clude anatomic and lesional characteristics which in-
fluence the choice of surgical corridor, along with
more general considerations which apply to all trans-
sphenoidal approaches. Anatomic factors of note in-
clude the size of the nose and nostril; the presence of
septal deviation, lateral spurs, or perforation, and a his-
tory of septal surgery; the presence of ongoing sinus
disease or infection; the size of the sphenoid sinus;
and, germane to sublabial approaches, the presence of
dentures, capped teeth, or root canal surgery involving
the anterior incisors [11]. Any significant laterality in
cavernous sinus or suprasellar tumor extension may
influence which nostril is used for entry, or if any mod-
ifications of the transsphenoidal approach are made,
as a “cross-court” approach in such lesions is some-
times preferred [12].

Other preoperative considerations aimed at maxi-
mizing the safety of the procedure and its potential
complications include ensuring that adequate endovas-
cular support is available in case of carotid artery injury
[13] and that any image guidance platforms to be used
are precise, accurate and fully functional.

16.3 Surgical Technique

16.3.1 General

The microscopic transsphenoidal technique has contin-
ued to evolve over the past three decades with a wide
range of indications (Table�16.1). Sublabial approaches
have largely been replaced by more direct transnasal
approaches in most centers, with notable exceptions re-
viewed below. Common transnasal microscopic trans-
sphenoidal approaches include the transseptal submu-
cosal technique, the septal displacement (“septal push-
over”), and the direct sphenoidotomy [11, 12, 14–17].
Essentially, the location of the initial incision within the
nose and the resultant width of the sellar exposure dis-
tinguish these approaches. The most traditional of the
endonasal approaches is the transseptal submucosal ap-
proach, initiated with a hemitransfixion incision made
just inside the nose. In the septal pushover, the incision
is made more posteriorly, at the junction of the osseous
and cartilaginous septum. The direct sphenoidotomy is
initiated even more posteriorly, at the rostrum of the
sphenoid. Potential advantages of a deeper nasal inci-
sion include the avoidance of anterior septal complica-
tions and postoperative discomfort; disadvantages in-
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Table 16.1 Lesions accessed through the transsphenoidal
approach

Type of lesion

Tumors of adenohypophyseal origin
Pituitary adenoma
Pituitary adenoma–neuronal choristoma (pituitary
adenoma–gangliocytoma)
Pituitary carcinoma

Tumors of neurohypophyseal origin
Granular cell tumor
Astrocytoma of posterior lobe or stalk, or both (rare)

Tumors of nonpituitary origin
Craniopharyngioma
Germ-cell tumors
Glioma (hypothalamic, optic nerve or chiasm,
infundibulum)
Meningioma
Chordoma
Rare tumors of nonpituitary origin

Chondroma
Esthesioneuroblastoma
Giant-cell tumor of bone
Glomangioma
Hemangiopericytoma
Hemangioblastoma
Lipoma
Leiomyosarcoma
Lymphoma
Melanoma
Myxoma
Paraganglioma
Postirradiation neoplasms
Rhabdomyosarcoma
Sarcoma (chondrosarcoma, osteosarcoma,
fibrosarcoma)
Schwannoma

Cysts, hamartomas, and malformations
Rathke’s cleft cyst
Arachnoid cyst
Epidermoid cyst
Dermoid cyst
Hypothalamic hamartoma
Empty sella syndrome

Metastatic tumors
Carcinoma
Plasmacytoma
Lymphoma
Leukemia

Inflammatory conditions
Pyogenic infection or abscess
Granulomatous infections
Mucocele
Lymphocytic hypophysitis
Sarcoidosis
Langerhans cell histiocytosis
Giant-cell granuloma

Vascular lesions
Saccular aneurysm (intracavernous carotid,
supraclinoid carotid, anterior communicating artery
complex, basilar artery tip)
Cavernous angioma



clude a slightly diminished width of exposure and an
off-midline trajectory.

Below, we review the practical aspects of these ap-
proaches, emphasizing patient positioning and prepa-
ration; adjunctive imaging; the technical aspects of the
surgical approaches; and the concept of the extended
transsphenoidal approach.

16.3.2 Patient Positioning

Patient positioning is critical in transsphenoidal surgery
and is identical in the submucosal and endonasal vari-
ants. Important tenets are the adherence to a standard
method of positioning to ensure recognition of the mid-
line and to provide a comfortable and ergonomic posi-
tion for the operating surgeon [15]. The patient is pre-
pared so that the surgeon will stand to the supine
patient’s right, with the patient’s head angled and body
turned so that the surgeon is operating without leaning
over to the right. To accomplish this, we place the pa-
tient with the right shoulder at the upper right-hand cor-
ner of the table to facilitate placement of the head in
the Mayfield headrest (Fig.�16.1). We then elevate the
thorax 25–30° while gently flexing the knees, confer-

ring a semirecumbent or lawn-chair position with the
head above the heart to reduce venous pressure and to
allow venous blood to drain from the sphenoid and
sella. This reduction in venous bleeding is particularly
important in patients with Cushing’s disease and in sur-
gery for microadenomas.

We next flex the head laterally 20–30° to the left
with the left ear toward the left shoulder so that the pa-
tient is looking toward his or her right shoulder. Once
laterally flexed, the head is positioned so that the sur-
geon’s view into the nose aims toward the sella. A reli-
able way to achieve this in most patients is to ensure
that the nasal dorsum is parallel to the floor (Fig.�16.1).
The head can then either be supported by a Mayfield
horseshoe headrest—having as its main advantage the
ability to subtly manipulate the head position during
surgery—or placed in rigid three-point fixation, which
we do now routinely in order to employ frameless
stereotactic image guidance during surgery [18–20]. We
then tilt the bed slightly to the right to allow the surgeon
to operate sitting or standing looking straight ahead as
opposed to leaning over the patient. Tilting may also
help when positioning patients with cervical spondylo-
sis in whom lateral neck flexion is difficult [9, 15]. The
right arm is then tucked away unobtrusively.
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Fig. 16.1 Patient positioning and surgi-
cal team; our scrub now stands across the
patient from the surgeon for ease of in-
strument passing. 1 The patient’s right
shoulder is positioned in the top right-
hand corner of the operative table. 2 The
headrest frame is positioned to the far
left. 3 The horseshoe headrest is rotated
so that the patient’s head is oriented to-
ward the surgeon. 4 and 5 The patient’s
head is oriented at a right angle to the
walls of the room to facilitate lateral in-
traoperative videofluoroscopy on the
draped patient. 6 The head is positioned
so that the trajectory is toward the sella.
This is most easily accomplished by po-
sitioning the neck such that the dorsum of
the nose is parallel with the floor. 7 The
beach-chair position is used with the table
angled approximately 20°. 8 The patient’s
right hand is carefully positioned so that
it is located unobtrusively under the but-
tocks. SGN surgeon, ASST assistant



Once the patient is positioned on the table and in the
headrest, we move the operating room table so that the
sides of the patient’s head are parallel to the walls of the
room. In addition to establishing an identical geometric
sense for each case, this head positioning is especially
useful for radiology technicians or other staff to gauge
head position when aligning fluoroscopic C-arm ma-
chinery during surgery.

It should be recognized that some very accom-
plished pituitary surgeons utilize a modified cleft palate
position for the patient, whose neck is extended, and
stand at the head of the table with a direct downwards
microscopic view of the sella.

16.3.3 Surgical Team Positioning

The assisting surgeon is to the left of the operating sur-
geon, viewing through the observer objective on the
microscope (Fig.�16.1). The scrub nurse is positioned
across the patient from the operating surgeon so that in-
struments are easily exchanged while the principal sur-
geon remains in the operative position. The anesthesia
team is based at the foot of the patient. The microscope
enters from the left of the surgeon, while the image
guidance system may be positioned on the left side of
the patient across from the surgeon.

16.3.4 Patient Preparation

Preparation for surgery comprises preparing the face,
nares, and umbilical region; inserting a lumbar drain if
indicated; and administering antibiotics and cortisol
support if preoperative testing reveals steroid defi-
ciency. We prepare the skin of the face with an aqueous
antiseptic solution. To help minimize nasal mucosal
bleeding during the approach, we apply topical vaso-
constrictors and inject local anesthetic solution. We
spray oxymetolazine (Afrin) into the nose before in-
duction and then pack both nostrils with cotton pledgets
soaked in 5% cocaine inserted with bayonets through
a nasal speculum, and leave these in for 10–15�minutes.
During this time, the remainder of the patient prepara-
tion is performed. We prepare the abdomen in the sub-
umbilical region for a possible incision to obtain a
small fat graft; the incision is usually made in the fold
just below the umbilicus and is about 2�cm in length.
For patients with lesions with large suprasellar exten-

sions which may be driven down by injecting air or
saline intrathecally, a lumbar drain may be placed at
this time.

Ordinarily one dose of a broad-spectrum antibiotic
is given, and if the patient is deficient in cortisol prior
to surgery, steroid support in the form of hydrocorti-
sone, usually 100�mg intravenous Solu-Cortef, is given
at the beginning of surgery. Cortisol support is contin-
ued as indicated in the postoperative period, but antibi-
otics are given ordinarily as just one dose unless the
nose is packed for a prolonged period.

16.3.5 Adjunctive Navigation

16.3.5.1 Image Guidance

The most widely used intraoperative imaging device is
the C-arm videofluoroscope. Most often, a lateral
image confirms the appropriate trajectory to the sella
turcica and is also used to confirm its superior and in-
ferior confines. Knowing the superior and inferior lim-
its of the sella turcica allows the surgeon to confirm ad-
equate exposure and prevents unnecessary opening of
the planum sphenoidale and cerebrospinal fluid leak-
age. The advantage of using a standard fluoroscope is
its simplicity and accuracy. Its disadvantages are the ra-
diation exposure and its inability to depict soft tissue
anatomy, including the tumor and neurovascular struc-
tures [10].

The proximity of sellar and parasellar masses to the
optic apparatus and carotid arteries demands absolute
surgical precision in the approach to this region. The
increasing sophistication of image-guidance platforms
allowing highly accurate and precise instrument track-
ing on a coregistered preoperative magnetic resonance
imaging (MRI) scan has influenced our and others’
practices, and we now perform virtually every trans-
sphenoidal operation with the aid of frameless stereo-
taxy. Several image guidance platforms are available
which require coregistration of the patient’s anatomy
with a preoperative CT or MR image. The particular
system we employ requires the fixation of a rigid arm
to the Mayfield headrest, which we angle off to the left
side of the patient’s head. Its main utility is in the ini-
tial stages of the transsphenoidal approach to the sella,
as such systems provide very accurate information re-
garding operative trajectory and adherence to the mid-
line, and proximity to the sphenoid, sella, and carotids.
The sagittal view is especially helpful in tracking the
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trajectory to the sphenoid and sellar face, while the
coronal and axial views are useful in verifying prox-
imity to the midline and helping to prevent errant entry
into the cavernous sinus or carotid arteries [18, 19, 21].

While frameless systems rely on preoperatively ac-
quired image data, intraoperative MRI (iMRI) systems
providing real-time images have been used in
transsphenoidal surgery [22–26]; their main benefit is
in immediate assessment of the extent of resection, par-
ticularly in cases with suprasellar extension. One for-
midable barrier to the widespread use of iMRI is the
tremendous outlay costs in its establishment [25, 27].
This, coupled with the rapid evolution of panoramic en-
doscopic technology, may conspire to confine iMRI-
guided transsphenoidal surgery to select centers.

16.3.5.2 Doppler Probe

Another useful adjunct in an attempt to avoid cav-
ernous carotid injury is a bayoneted microDoppler
probe [22, 26] such as a 20-MHz surgical Doppler
probe (Mizuho America, Beverly, MA). Although the
absence of a reliable positive internal control has tem-
pered its widespread use, it can still be a helpful tool
in identifying the carotid arteries prior to incising the
sellar dura and during removal of lateral portions of
sellar lesions.

Tools such as this may be increasingly applicable
as centers adopt more direct transsphenoidal ap-
proaches (e.g., septal pushover, direct sphenoidotomy)
which tend to provide a surgical trajectory just off the
midline, with a more restricted exposure. Moreover,
the promulgation of extended endoscopic ap-
proaches—wherein wider sellar exposures are sought
for an expanding range of cranial base lesions—may
render the carotids more vulnerable. One may also
choose to use an intraoperative Doppler probe when
the preoperative studies demonstrate carotids with un-
usually medial courses.

16.3.6 Surgical Approaches

The transsphenoidal corridor is accessed by either a
transnasal or a sublabial approach. Although the sub-
labial route was once the preferred approach to the
sella, transnasal approaches have supplanted the sub-
labial approach for most transsphenoidal surgeons.
Trends in transsphenoidal surgery have included a shift

towards endonasal approaches featuring increasingly
direct approaches to the sphenoid. Below, we divide the
microscopic transsphenoidal operation into distinct
phases, emphasizing similarities and differences be-
tween approaches when necessary:
1. The nasal phase, from initial sublabial or endonasal

incision to entry into the sphenoid sinus.
2. The sphenoid phase, from entry into the sphenoid

sinus to the sellar dura.
3. The sellar phase, from opening of the sellar dura to

lesion resection to establishment of hemostasis and
preparation for closure.

4. Reconstruction and closure phase.

16.3.6.1 Nasal Phase

This phase in the operation comprises the surgical ma-
neuvers required to establish a corridor to the sphenoid
sinus. The nasal cavity may be entered directly
(transnasal) or through a sublabial approach. Through
either of these approaches, a submucosal transseptal ap-
proach may be used to approach the sphenoid. We also
discuss the more direct transnasal approaches to the
sphenoid, the transnasal septal displacement (“septal
pushover”) and direct sphenoidotomy.

Transnasal Submucosal Transseptal Approach

This approach requires considerable submucosal dis-
section, the main advantage of which is broad septal
mobilization, a wide surgical corridor, and strict fidelity
to the midline. Sinonasal complications and postoper-
ative discomfort associated with the submucosal
transseptal approaches and the refinement of more di-
rect approaches to the sphenoid have lessened the pop-
ularity of submucosal transseptal approaches. The nasal
packing usually required to prevent submucosal septal
hematoma causes facial pain and headache in as many
as 35% of patients, and the procedures can cause rhi-
nological complaints including alveolar numbness,
anosmia, saddle nose deformity, and nasal septal per-
forations [28–30].

To diminish bleeding during the submucosal dissec-
tion, we inject 10–20� cm3 of 0.5% xylocaine with
1:200,000 epinephrine along the inferior and lateral as-
pects of the nasal septum with an attempt to dissect the
nasal mucosa away from the cartilaginous septum with
the injection. The transseptal approach begins with a
right-sided hemitransfixion incision in the right nostril
with the columella retracted to the patient’s left, facil-
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itating the dissection of the right anterior nasal mu-
cosal tunnel away from the septum [9] (Fig.�16.2). The
inferior border of the cartilaginous septum is exposed
with sharp dissection, and one side of the septum is ex-
posed submucosally with a combination of sharp and
blunt dissection, thereby creating the anterior tunnel.
The dissection continues posteriorly, elevating the
nasal mucosa away from the cartilaginous septum back
to the junction with the bony septum. A vertical inci-
sion is then made at this junction, and bilateral poste-
rior submucosal tunnels are created on either side of
the perpendicular plate of the ethmoid. The articulation
of the cartilaginous septum with the maxilla is then
dissected free, and the inferior mucosal tunnel on the
opposite side is raised so that the cartilaginous septum
can be displaced laterally without creating inferior mu-
cosal tears. A self-retaining nasal speculum can then
be introduced to straddle the perpendicular plate of the
ethmoid, exposing the face of the sphenoid sinus. If
the nostril is too small to accommodate a standard
speculum, an inferior extension of the hemitransfixion
incision within the alar ring or a relaxing right alotomy
may be performed.

Sublabial Submucosal Transseptal Approach

This approach, used by Cushing and promulgated by
Dott, Hardy, and Guiot [1, 31], has as its main advan-
tages a wide surgical corridor and straight midline tra-

jectory, with the disadvantage of its complex surgical
anatomy and potential complications of numbness of
the upper lip and teeth. We tend to reserve the sublabial
approach for patients with small nostrils, particularly
children, or for massive tumors or extended ap-
proaches.

The sublabial approach begins with a transverse sub-
mucosal gingival sublabial incision from canine to ca-
nine and dissection from the maxillary ridge and the
anterior nasal spine until the inferior aspect of the pir-
iform aperture is exposed [9] (Fig.�16.3). Excessive
cautery should be avoided as the upper teeth can be de-
vitalized. Working from the lateral border medially, the
two inferior nasal tunnels are created by dissecting the
mucosa away from the superior surface of the hard
palate. The caudal end of the nasal septum is carefully
dissected and a right anterior tunnel is created along the
right side of the nasal septum. With sharp dissection,
the right anterior endonasal submucosal tunnel and the
right inferior tunnels are connected, and the entire right
side of the nsasal septum is exposed back to the per-
pendicular plate of the ethmoid. Using firm, blunt dis-
section along the right side of the base of the nasal sep-
tum, the cartilaginous portion of the septum is
dislocated at its junction with the perpendicular plate
of the ethmoid and vomer and is reflected to the left,
and a left posterior mucosal tunnel is developed along
the left side of the bony septum. At this point it should
be possible to insert the transsphenoidal retractor, with
care taken to place all tears in the nasal mucosa lateral
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Fig. 16.2 Endonasal approaches. A and B
submucosal endonasal approach, C septal
displacement approach, Re-op reoperation



to the retractor blades. The turbinates will collapse as
the retractor is opened. Once the retractor is in place,
the submucosal dissection is carried up to the rostrum
of the sphenoid, and the retractor is repositioned.

An alternative approach allows the surgeon to cou-
ple the ease of performing the submucosal dissection
through an endonasal hemitransfixion incision with the
wide exposure afforded by the sublabial approach. In
this modification, the submucosal dissection can be
performed first endonasally, followed by the sublabial
incision, entering an already dissected nasal cavity [15].

Septal Displacement (“Septal Pushover”)

In our practice, the transnasal septal displacement or
“septal pushover” technique has replaced sublabial or
transnasal submucosal transseptal approaches almost
entirely. In place of the more traditional anteriorly
placed hemitransfixion incision, we place an initial in-
cision more posteriorly, at the junction of the bony and
cartilaginous septum, to avoid extensive submucosal
dissection along the anterior septum (Fig.�16.4). This
approach was initially adopted for patients undergoing
repeat transsphenoidal operations in which the nasal
mucosa is often densely adherent and scarred to the

cartilaginous septum [16]. However, this approach
provides a rapid exposure of the sphenoid rostrum in
first-time transsphenoidal procedures as well [15],
counting among its advantages a reduction in septal
complications.

In the septal pushover technique, a vertical incision
is made along the border of the cartilaginous septum
and the perpendicular plate of the ethmoid. The incision
is then angled anteriorly in the horizontal plane along
the junction of the cartilaginous septum and the nasal
ridge, allowing the cartilaginous septum to be mobi-
lized laterally. Submucosal dissection is then carried
caudally on either side of the bony septum toward the
sphenoid rostrum, and then the transsphenoidal retrac-
tor may be placed, with the sphenoid rostrum in the
midline. At the end of the operation, the cartilaginous
septum is repositioned in the midline, and no attempt
is made to close the mucosal incisions.

The endonasal septal pushover is our approach of
choice in microscopic transsphenoidal surgery; it is
fast, greatly reduces the risk of septal complications,
and diminishes the need for uncomfortable nasal pack-
ing. One caveat is that the exposure may be mildly
compromised as the septum cannot be mobilized as
dramatically as in the endonasal or sublabial transsep-
tal approaches.
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Fig. 16.3 Sublabial approach showing
nasal speculum inserted



Direct Sphenoidotomy

Another option which reaches the sphenoid even more
directly is a direct sphenoidotomy [14, 17]. In this ap-
proach, an incision is made right at the junction of the
bony nasal septum and the sphenoid rostrum, and the
posterior part of the septum just in front of the sphenoid
sinus is deflected laterally, exposing the face of the
sphenoid. The approach is similar to the septal
pushover with a more posteriorly placed incision, with
similar attendant advantages and drawbacks.

The mucosal incision is made at the junction of the
nasal septum and the rostrum of the sphenoid. To pro-
vide working space, the middle turbinate is outfrac-

tured, and the mucosa-covered septum is translated lat-
erally by the blade of a nasal speculum. Mucosal flaps
are made over the sphenoid rostrum and the sphenoid
ostia are identified bilaterally. The vomer and perpen-
dicular plate of the ethmoid are not widely exposed, so
bone is often not available for reconstructing the sellar
floor. A variant of the direct sphenoidotomy retaining
the wide exposure of the sublabial approach has re-
cently been described [32].

A potential drawback to this procedure is the narrow
exposure and the off-midline trajectory. Indeed, series
reporting the use of the microscopic direct sphenoido-
tomy indicate that a relaxing alar incision had to be per-
formed in as many as 20% of cases [17]. We have con-
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Fig. 16.4 Steps of tumor resection. A dural incision. B subdural plane developed. C sequential removal of tumor inferiorly, laterally,
then superiorly. D reconstruction of sella with fat or Gelfoam pieces buttressed by a bioabsorbable plate



tinued to prefer the septal pushover to the direct ap-
proach owing to the ability to lateralize the cartilagi-
nous septum in the pushover technique, affording
nearly the same exposure as the standard endonasal
submucosal transseptal approach. The direct sphe-
noidotomy, however, is used extensively in endoscopic
approaches, described elsewhere.

16.3.6.2 Sphenoid Phase

Having reached the anterior face of the sphenoid sinus
by one of the described routes, C-arm fluoroscopy or
image guidance is used to verify the trajectory and
midline orientation. Portions of the bony nasal septum
in the field should be resected with a Lillie-Koffler for-
ceps or a Ferris-Smith punch. Any cartilage or bone
resected is preserved for possible use during closure.
This done, the surgical field comprises the keel of the
vomer and face of the sphenoid centrally, with the
sphenoid ostia on either side. Fracturing into the sphe-
noid sinus is usually possible by grasping the vomer
with forceps or a punch, or with a chisel if necessary.
The mucosa in the sinus is resected with a cup forceps
to reduce bleeding and the risk of postoperative mu-
cocele. Overspreading of the speculum can cause max-
illary, sphenoid, or optic foramen fracture and may
cause permanent face numbness in the first and second
distributions of the Vth nerve, or damage to the
lacrimal ducts [15].

It is again important to confirm the position and tra-
jectory of the speculum by C-arm fluoroscopy or neu-
ronavigational image guidance. Once in the sinus, it is
critical to appreciate the compartmentalization of the
sphenoid sinus and to correlate intraoperative findings
with preoperative imaging. The operative procedures
within the sphenoid sinus begin with removing the sphe-
noid septations; it is essential to note that septations not
uncommonly lead toward one or the other of the carotid
canals. The sphenoid exposure is then widened with an
angled Kerrison punch. A wide exposure, as is done
with the endoscopic approach, visualizing the carotid
canals, the clivus, the opticocarotid recesses when pos-
sible, and the planum sphenoidale, is ideal.

Prior to opening the sella, the trajectory and midline
orientation are again verified. This done, the sella is
then opened, fracturing the thin floor using a chisel or,
in cases where the sellar face is very thin, a blunt nerve
hook. The opening is expanded with 1- and 2-mm Ker-
rison punches to expose the dura widely. In most cases
the entire sellar floor is removed, and lateral exposure

is carefully carried out until the margin of the cavernous
sinuses can be seen. Restraint is used with superior ex-
posure as the dura is adherent to the region on the tu-
berculum sellae, and there may be an arachnoid diver-
ticulum behind the dura at the upper margin of the sella.
The microscope is adjusted to an objective distance of
350 to 375�mm so that the sella occupies the entire field
of view and also allowing easy passage of instruments
between the microscope and the sella [15].

The dura is evaluated grossly for the possibility of
invasion by tumor, for the presence of a helpful char-
acteristic midline vessel, and for the venous channels
that may occur in the dura, particularly the superior and
inferior circular sinuses. When necessary the dura can
be cauterized either with monopolar or bipolar cautery.

16.3.6.3 Sellar Phase

The anatomical hazards to bear in mind prior to open-
ing the dura are the cavernous sinuses and carotids lat-
erally, the intercavernous sinuses at the tuberculum su-
periorly and the floor of the sella inferiorly, and the
venous sinuses which may run between the two leaves
of sellar dura. Surgery begins by coagulating and open-
ing the dura. Fine needle aspiration may be wise if
there is any chance that the lesion could be an
aneurysm or an empty sella. The dura is then opened
with a suitable blade. Usually we use a rectangular ex-
cision of the dura for large tumors (macroadenomas)
and a cruciate or “x” type incision for smaller tumors
that do not invade the dura. A specimen of dura may
be sent to pathology for evaluation for microscopic
dural invasion. Use of a bayoneted microDoppler probe
to ascertain the location of each carotid is helpful if the
preoperative studies suggest overly medialized carotid
arteries. The dural opening is carefully extended,
avoiding injury to the carotid and entry into the cav-
ernous sinuses laterally.

Once the dura is open, an initial helpful step is to es-
tablish a careful subdural plane using a blunt hook or a
small curette [15]. One can then identify and excise the
lesion using an extracapsular technique when this is
feasible or by working within the lesion and resecting
it from surrounding structures when it is not. Portions
of macroadenomas are removed sequentially. The sur-
geon should remove the inferior and lateral aspects of
the tumor first, allowing suprasellar extension to drop
into the operative field. Palpation of the far lateral
reaches of the sella should be done with blunt curettes
in order to minimize injury to the carotid and cranial
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nerves. Central and superior resection first may deliver
the diaphragma sella into view, hiding remaining tumor
and perhaps increasing the risk of a CSF leak. Suprasel-
lar tumor can be delivered by the injection of air
through a lumbar drain or by using a Valsalva maneuver
or with bilateral jugular compression. During this
phase, a careful evaluation for the possible presence of
a spinal fluid leak is done, recognizing that dark black
“strings” in the blood within the sella may indicate the
presence of spinal fluid. Every effort should be made
to protect and preserve the normal anterior and poste-
rior pituitary gland, for which good visualization and
careful hemostasis are critical.

Hemostasis is carefully achieved in the sellar region,
with bipolar cautery for the dural margins, Gelfoam
packing for the cavernous sinuses, and bipolar cautery
for visible tumor feeding vessels. Bone wax worked
with micropatties is used for bleeding edges of the
sphenoid, clivus and sella. Occasionally, a topically ap-
plied hemostatic agent such as Floseal (Baxter, Deer-
field, IL), crosslinked gelatin and thrombin mix, is an
especially useful adjunct to conventional methods of
hemostasis [33].

16.3.6.4 Reconstruction/Closure

This phase begins with a careful inspection for the pres-
ence of CSF leaks—these can occur during all types of
intrasellar explorations. If a CSF leak is present or sus-
pected, a fat graft is obtained from a subumbilical inci-
sion, prepared as described below. The fat is cut into
appropriately sized pieces soaked in 10% chloram-
phenicol solution, patted on a cotton ball in order to in-
corporate a few wisps of cotton fiber (which provoke a
fibrotic reaction), and the fat is then rolled in Avitene
(Davol, Cranston, RI) hemostatic collagen powder. The
fat is packed into the sellar cavity, avoiding excessive
packing but placing enough to occlude the sella, to pre-
vent spinal fluid leakage, and to achieve hemostasis.
The sellar floor is then reconstructed. One can use bone
from the initial operative phase or artificial constructs
such as a MedPor (Porex, Neman, GA) tailored plate
[15, 34]. The MedPor plate is a thin polyethylene plate
with a perpendicularly oriented tab to facilitate implant
placement and maneuvering; its micropores allow tis-
sue ingrowth and it features a very low signal intensity
on MRI [34]. This is placed epidurally if a CSF leak
was present and otherwise is placed intradurally; other
groups also stress the importance of the extradural layer
in preventing CSF leaks [35].

Blood and surgical debris are carefully suctioned
from the sphenoid cavity and the nasopharynx prior to
closure, and if no packing is necessary, the turbinates
are then medialized. We place Merocel nasal packs in
patients who have undergone submucosal dissection or
in whom hemostasis was challenging. The abdominal
incision is closed with subcuticular technique. The
oropharynx is carefully suctioned prior to extubation
of the patient.

16.3.7 Summary of Conventional
Approaches

The transseptal and septal displacement approaches
performed endonasally or sublabially should be learned
by all transsphenoidal surgeons so that they may con-
sider the advantages and disadvantages of each ap-
proach. The sublabial approach, although replaced in
most centers by endonasal approaches, maintains the
anatomic midline and is especially indicated when a pa-
tient’s anatomy precludes an endonasal approach and
when a particularly wide exposure and view is neces-
sary during surgery. As such, it is particularly indicated
in patients with small nasal apertures, in pediatric pa-
tients, and in patients with large tumors with significant
extension into the cavernous sinuses and clivus which
may be inadequately visualized through an endonasal
approach. We often use a sublabial approach in our ex-
tended cases.

The transseptal approach, discarded by many due to
the risk of anterior septal perforation and the need for
uncomfortable postoperative nasal packing, tends to di-
rect the surgeon to a truer midline with a less restricted
corridor because of the wider mobilization of the nasal
septum. The septal pushover has replaced the transsep-
tal approach in our practice as it features a faster expo-
sure and closure and can be used in patients with septal
pathology or prior septal surgery. Mobilization of the
cartilaginous septum retains the advantage of the
transseptal approaches while minimizing septal mu-
cosal dissection and its complications.

16.3.7.1 Boundaries of the Microscopic
Transsphenoidal Approaches: Extended
Approaches

The boundaries of the standard microscopic transsphe-
noidal approaches described above have been extended
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in recent years (reviewed in references [36–38]) to ex-
pose the anterior skull base (transtuberculum/trans-
planum), the cavernous sinus (transcavernous), the in-
ferior clivus (transclival), and the supradiaphragmatic
space (transdiagphragmatic). These modifications are
often combined and have expanded the range of lesions
accessible through the transsphenoidal corridor. Per-
haps the most widely used extension of the standard
transsphenoidal approach is the transsphenoidal
transtuberculum sellae/transplanum approach, origi-
nally described by Weiss [39] but since refined and em-
ployed for resection of craniopharyngiomas, tubercu-
lum sellae meningiomas, Rathke’s cleft cysts, and other
lesions with suprasellar, parasellar, and/or anterior cra-
nial base extension [15, 36, 38, 40–44] with or without
sellar expansion.

We occasionally use a lumbar drain on our extended
cases which allows insufflation of air intraoperatively
as well as CSF diversion during the postoperative pe-
riod. In contrast to our traditional sellar approach in
which the head is positioned such that the dorsum of
the nose is parallel to the floor, the head is extended
slightly to allow a more direct view towards the
planum. Under frameless stereotactic guidance, an en-
donasal or sublabial approach to the sphenoid is taken;
we favor the sublabial approach in extended cases
owing to the wider exposure and truer adherence to the
midline it affords. A wide sphenoid opening and sellar
opening are created. The tuberculum and planum are
then removed with either a high-speed drill or combi-
nation of Kerrison punches to complete the rostral-cau-
dal exposure; the lateral exposure usually does not ex-
ceed 1.5�cm to avoid carotid and optic nerve injury
[37]. Dural opening follows; particular attention is paid
to the superior intercavernous sinus which is frequently
recalcitrant to simple bipolar cautery should it be en-
tered. The sellar dura is opened parallel and just inferior
to the superior intercavernous sinus, after which clips
are placed across the sinus which can then be cut. In
some cases the intercavernous sinus can be controlled
by Surgicel carefully placed at the margins. The dura
of the anterior cranial fossa is then opened.

Following dural opening, the pituitary gland is iden-
tified and protected, followed by sharp arachnoid dis-
section and identification of the tumor capsule. For cases
in which an intrasellar mass with a suprasellar compo-
nent has expanded the volume of the sella, the di-
aphragm may be violated intentionally to access the
suprasellar tumor capsule, enabling an extracapsular dis-
section of midline lesions extending from the sella [45].
Once identified, the planes between the tumor and optic

nerves, chiasm, and stalk may be identified and devel-
oped; internal tumor decompression may simplify mi-
crosurgical dissection off these structures. In approaches
such as these which push the boundaries of the strictly
microscopic approach, neuroendoscopes of varying an-
gulation enhance deep and lateral views and have proved
indispensable in the inspection of local anatomy and the
assessment of the extent of tumor resection.

Closure and sellar reconstruction are critical as our
rates of CSF leak have tended to be higher in the ex-
tended approach (11%) [37]. We try to close the dural
defect with a synthetic dural substitute and the bony de-
fect with septal bone or a titanium or polymer plate
placed extradurally. The use of septal mucosal flaps or
mucoperichondrial flaps from the turbinate is helpful
in some cases. We supplement our closure as outlined
above by packing the sphenoid with fat.

16.3.8 Special Surgical Considerations

16.3.8.1 Cushing’s Disease

The sellar phase of the microscopic transsphenoidal op-
eration for Cushing’s disease features several specific
modifications, and preoperative certainty of this diag-
nosis is critical prior to surgery. As sellar imaging and
inferior petrosal sinus sampling are imperfect in their
estimation of tumor location, a systematic dissection of
sellar contents is sometimes required [15]. Subtle
changes in tissue texture or color may suggest an ade-
noma. Failing this, the gland itself is incised horizon-
tally and inspected, followed by the lateral aspects of
the gland and, if still unsuccessful, the posterior pitu-
itary. Damage to the superior rim of residual normal pi-
tuitary and traction on the pituitary stalk is avoided.
Should these maneuvers and cavernous sinus explo-
ration fail, a subtotal hypophysectomy may be per-
formed in adult patients with no fertility concerns.

16.3.8.2 Acromegaly

The surgeon should be aware that patients with
acromegaly have thicker bone, larger and more tortuous
carotid arteries and blood vessels in general, and thicker
upper airway tissue conferring greater difficulty with
airway maintenance during surgery. We often place
nasal breathing trumpets in severely affected patients
postoperatively to facilitate adequate ventilation [15].

16 Transsphenoidal Approaches: Microscopic 235



16.4 Complications

The microscopic transsphenoidal approach is a safe op-
eration with a well-established complication profile
(Table� 16.2). In a carefully analyzed series of over
2,500 patients who had received transsphenoidal sur-
gery, the mortality rate was 1% and the rate of major
complications 3.4% comprising vascular injury and its
sequelae, visual loss, cranial nerve injury, CSF leakage,
and meningitis. Transient diabetes insipidus occurs in
18% of patients with 2% requiring long-term treatment
[46]. Anterior septal perforations are becoming less
common as surgeons adopt progressively more direct
approaches to the sphenoid sinus.

16.4.1 Complication Avoidance: 
Postoperative CSF Leakage
and Vascular Injury

Intraoperative CSF leakage is common during
transsphenoidal surgery, and an adequate repair during
surgery is essential to avoid a postoperative leak. Upon
confirmation or suspicion of an intraoperative CSF
leak, we harvest a fat graft as described above and bathe
it in chloramphenicol before gently abrading it with
cotton to allow minute inflammation-inducing cotton
strands to adhere to the graft. The graft is then rolled in
Avitene and placed into the sinus, buttressed by a
bioabsorbable plate placed extradurally across the sella.
Patients with postoperative CSF leaks are usually taken
back promptly to the operating room for exploration,
repacking, and reconstruction of the sellar floor.

Iatrogenic injury to the internal carotid artery is ar-
guably the most feared complication of transsphenoidal
surgery; exuberant cavernous sinus bleeding and
sphenopalatine artery injury are among other vascular
complications encountered. Carotid injury occurs in 1–
2% of cases, with patients who have had prior cran-
iotomy, transsphenoidal surgery, or radiation therapy at
greater risk [13, 47]. Careful study of preoperative im-
aging to appreciate the course of the carotids and oper-
ating from a true midline position are critical. Intraop-
erative image guidance can help confirm midline
positioning during surgery, particularly in reoperations
or in other cases where normal anatomy appears dis-
torted. A microDoppler probe can help confirm carotid
location. The endoscope may also be used and is espe-
cially useful in identifying the course of the carotids after
sphenoid sinus entry. Blunt curettes should be used dur-
ing lateral sellar exploration [13]. Should the carotid be
injured during surgery, options include direct repair and
nonobliterative packing, with the latter more commonly
employed. Immediate angiography should be performed
to delineate a possible cavernous–carotid fistula or
pseudoaneurysm and a balloon occlusion test performed
should the carotid require sacrifice. If the angiogram is
normal, it should be repeated in one week. Stent occlu-
sion of false aneurysms in the carotid after transsphe-
noidal surgery is an evolving concept which may gain
traction should longer-term data be promising [48].

16.5 Summary

The product of a century of innovation and surgical
refinement, the microscopic transsphenoidal ap-
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Table 16.2 Complications of transsphenoidal surgery from the
senior author’s (E.R.L.) series of 2,562 pituitary adenomas

Complication Patients

Operative mortality (30 day)
Hypothalamic injury or hemorrhage 5
Meningitis 2
Vascular injury or occlusion 4
Cerebrospinal fluid leak or pneumocephalus,
subarachnoid hemorrhage or spasm, 
myocardial infarction 1
Postoperative myocardial infarction,
postoperative seizure 2
Total 14 (0.5%)

Major morbidity
Vascular occlusion, stroke, subarachnoid
hemorrhage, or spasm 5
Visual loss (new) 11
Vascular injury (repaired) 8
Meningitis (nonfatal) 8
Sellar abscess 1
Sellar pneumatocele 1
Sixth cranial nerve palsy 2
Third cranial nerve palsy 1
Cerebrospinal fluid rhinorrhea 49
Total 86 (3.4%)

Lesser morbidity
Hemorrhage (intraoperative or postoperative) 9
Postoperative psychosis 5
Nasal septal perforation 16
Sinusitis, wound infection 5
Transient cranial nerve palsy (III or IV) 5
Diabetes insipidus (usually transient) 35
Cribriform plate fracture 2
Maxillary fracture 2
Hepatitis 1
Symptomatic syndrome of inappropriate
antidiuretic hormone 37
Total 117 (4.6%)



proaches are the first-choice routes to the sella and
parasellar region.

Trends in transsphenoidal surgery include the pre-
ponderance of increasingly direct endonasal approaches,
the routine employment of image guidance platforms,
and the extension of sellar approaches to expose the
anterior cranial base, cavernous sinuses, inferior

clivus, and supradiaphragmatic region. The increasing
prevalence of the endoscope in transsphenoidal sur-
gery will only enhance the safety and flexibility of this
skull-base approach.

Aknowledgment: The authors are grateful to Craig Luce
for his artwork and assistance in final preparation.
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17.1 Introduction

Although endoscopic sinus surgery started in the early
1900s with the work of Hirschmann [1] in 1903 and
Escat in 1911 [2], it only progressed after a better un-
derstanding of sinonasal physiology was provided by
Messerklinger [3], and the development of rod lens
systems by Hopkins in the 1960s [1].

Kennedy et al. [4, 5] coined the term functional en-
doscopic sinus surgery in 1985 and, along with
Stammberger [6] and Draf [7], popularized the use of
modern endoscopy for the paranasal sinuses in the
1980s. The use of endoscopes in neurosurgery had a
diverse evolution. In an attempt to improve visualiza-
tion, Guiot in 1963 was the first neurosurgeon to use
the endoscope in transsphenoidal surgery [1, 8, 9].
However, the endoscopes at that time were archaic and
Hardy established the transsphenoidal route with the
aid of microscopes in 1967 [1, 9–11].

In late 1970s, Apuzzo et al. [12] and Bushe and
Halves [13, 14] reintroduced the endoscope as an ad-
junct to the microscope for resection of pituitary lesions
with extrasellar extension, and they were followed by
others [15–20]. However, when the microscope is the
primary form of visualization, the speculum limits the
working space and the maneuverability of the endo-
scope and instruments [15–20].

The endoscope was first used as the only visualizing
tool in skull-base surgery for pituitary lesions in the

early 1990s [1]. In 1992, Jankowski et al. reported their
experience with three cases using a pure endoscopic
transsphenoidal approach to the sella [21].

Others subsequently confirmed the feasibility of
pure endoscopic approaches to the sella [22–25]. Cap-
pabianca, de Divitiis and Cavallo were extremely im-
portant in advocating and disseminating the technique
to the world [26–36].

As an expected progression, various centers around
the world began to perform pure endoscopic ap-
proaches to the sella [1, 37]. Although the endoscope
offers a panoramic view beyond the sella, endoscopic
skull-base surgery was born only after developing an
understanding of ventral skull-base anatomy and the
development of appropriate instrumentation, made pos-
sible by the collaboration between otolaryngologists
and neurosurgeons [38–41].

While improved cosmetics are often cited as an ad-
vantage of endoscopy, in our opinion, this is a second-
ary gain. Because of its “flash-light” visualization prop-
erties and ability to provide direct access, the key
advantage offered by the endoscope is a reduced need
to manipulate neural tissue. In particular, direct ventral
corridors offer the ability in selected cases to remove
lesions without having to cross the plane of cranial
nerves and to minimize brain manipulation. These ad-
vantages have the potential to decrease morbidity due
to less tissue trauma, which may lead to a faster recov-
ery, shortened hospitalization, and decreased cost of
medical care.

Since 1998, over 1,000 patients have undergone en-
doscopic skull-base procedures at the University of
Pittsburgh Medical Center for a wide variety of
pathologies.
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17.2 Endoscopic Endonasal Approach

17.2.1 Planning

Frameless stereotactic image guidance is used in all ex-
panded/extended (endoscopic) endonasal approaches
to the skull base. Image guidance helps to confirm the
visual impression of the surgical anatomy, especially
critical neurovascular structures, and to define a tar-
geted resection.

A high-resolution CT angiogram is used for most
skull-base procedures, as it allows the simultaneous vi-
sualization of osseous, vascular and soft-tissue
anatomy. Increasingly, we utilize image fusion of CT
and MRI scans to take advantage of the best features
of each: CT for the bony anatomy of the cranial base
and MRI for intracranial tumor margins. Intraoperative
CT is frequently performed and the image guidance
system can be updated if necessary.

17.2.2 Operating Room Setup

The surgeons are positioned on the right side of the pa-
tient opposite the anesthesia team. The surgical techni-
cian or nurse is positioned towards the foot of the table.
This arrangement gives the surgeons unrestricted ac-
cess to the nasal region. Electrical cords and suction
tubing are directed away from the surgical field toward
the head and foot of the table to minimize interference
with surgical instruments.

A pin fixation system is used to reduce intraopera-
tive movement of the head, especially during drilling
and neurovascular dissection. The head is fixed, fol-
lowing endotracheal intubation, the vertex tilted to the
left with the face turned to the right by 15–20°. The pa-
tient should be as close to the right side of the operating
table as possible. The table can be angulated in the
room such that the foot goes away from the surgeons
allowing even more space. However, this angulation is
not possible when the surgery is performed with the pa-
tient inside the CT scanner.

Neurophysiological monitoring of cortical function
(somatosensory evoked potentials) and if necessary
brainstem function (brainstem evoked responses) is rou-
tinely performed in all cases in which the dura is ex-
posed or dissection near the carotid arteries is performed.
Neurophysiological monitoring can identify changes in
cerebral blood flow that may occur with changes in
blood pressure and alert the anesthesiologist to the need

for adjustments. Cranial nerve electromyography is per-
formed as necessary based on tumor anatomy.

A nasal decongestant, such as oxymetazoline 0.5%,
is applied topically to the nasal mucosa using cot-
tonoids. The skin of the external nose and nasal
vestibule as well as of the abdomen (fat graft donor site
if potentially needed) is prepped with a povidone anti-
septic solution. The intranasal space and mucosa are not
prepped. The patient is given a third or fourth generation
cephalosporin for perioperative antibiotic prophylaxis.

17.2.3 Surgical Exposure

The endoscope is introduced at the “12�o’clock” posi-
tion of the nostril (usually the right) and is used to retract
the nasal vestibule superiorly, therefore elongating the
nostril and increasing the available space for other in-
struments. A suction tip is introduced at the “6�o’clock”
position on the ipsilateral side. Dissecting instruments
are introduced through the left nasal cavity. A suction
irrigation sheath or continual irrigation by an assistant
or co-surgeon cleans the lens of the scope and preserves
visualization without removing the scope for frequent
cleaning. If, for any reason, a bimanual (preferably bi-
narial) approach cannot be pursued then proceeding
further is absolutely contraindicated. Additionally, we
discourage the use of an endoscopic holder for all en-
donasal approaches since it decreases maneuverability,
slows the dissection process and generates a static two-
dimensional picture.

Widening of the nasal corridor is achieved initially
by out-fracturing of the inferior turbinates, followed
by removal of the right middle turbinate to provide
room for the endoscope. Injection of vasoconstrictors
is optional and is performed according to the surgeon’s
preference.

In cases in which a CSF leak is anticipated, a na-
soseptal vascularized mucosal flap is elevated during
the initial stage of the procedure [42, 43]. In cases in
which a CSF leak is unlikely, a sphenoidectomy is per-
formed directly with preservation of a potential pedicle
for a nasoseptal flap by preserving the mucosa around
the posterior nasal arteries. Thus, at the end of the pro-
cedure, a ‘rescue flap’ can still be elevated.

For creating the flap we use unipolar electrocautery
with an insulated needle tip to incise the septal mucosa.
Two parallel incisions are performed following the su-
perior and inferior insertions of the septum. One fol-
lows the maxillary crest and the parallel incision fol-
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lows a line 1�cm below the most superior aspect of the
septum to preserve the olfactory epithelium and func-
tion. These parallel incisions are joined anteriorly by a
vertical incision usually placed just rostral to the ante-
rior head of the inferior turbinate (Fig.�17.1). Posteri-
orly, the superior incision is extended laterally inferior
to the natural sphenoid ostium. The inferior incision ex-
tends laterally on the superior margin of the choana. El-
evation of the mucoperichondrium, using a Cottle dis-
sector, proceeds from anterior to posterior after
ascertaining that all incisions have been carried through
the periosteum and perichondrium. Elevation of the
flap from the anterior face of the sphenoid sinus is com-
pleted preserving the vascular pedicle between the
sphenoid ostium sinus and choana.

The flap can be stored in the nasopharynx for sellar
or suprasellar cases or inside the maxillary sinus after
an antrostomy is performed to facilitate dissection at
the level of the clivus or cervical spine until the resec-
tion is concluded.

The sphenoidotomy is initiated by identifying and
enlarging the natural ostium of the sphenoid sinus or
by direct removal of the sphenoid rostrum. A Cottle dis-
sector is used to incise and disarticulate the posterior
septum from the rostrum of the sphenoid bone. Re-
moval of the bony rostrum is completed using Kerrison
rongeurs and/or a surgical drill. Wide bilateral sphe-
noidotomies are performed extending laterally to the
level of the medial pterygoid plates and the lateral wall
of the sphenoid sinus (taking care to preserve the flap

vascular pedicle as needed), superiorly to the level of
the planum sphenoidale, and inferiorly to the floor of
the sphenoid sinus. The posterior edge of the nasal sep-
tum (1–2�cm) is resected with backbiting forceps or a
microdebrider. The posterior septectomy facilitates bi-
lateral instrumentation without displacing the septum
into the path of the endoscope, and increases the lateral
angulation and range of motion of the instruments.
Wide bilateral sphenoidotomies and a posterior septec-
tomy provide bilateral access and visualization of key
anatomical structures. This was a critical step initiated
by our group a decade ago that formed the foundation
of all subsequent endoscopic modules to the skull base
described below.

Once the sphenoid sinus is widely exposed and all
the septations are drilled, the desired module of the ex-
panded endonasal approach can be pursued.

Two concepts are critical for the endoscopic expo-
sure: bilateral nasal access (binarial) to allow for a two-
surgeon, three-/four-hand technique, and the optimized
removal of the posterior septum to create a single work
cavity. These allow a bimanual dissection technique
with dynamic scope movement providing adequate vi-
sualization of the surgical field at all times during the
surgical procedure with freedom of movement.

17.3 Anatomical Modules

The modules are divided into median (sagittal plane –
between the carotid arteries) and paramedian (coronal
planes – lateral to the carotid arteries) approaches based
on the inherent anatomy of the region. The coronal
planes are considered in three levels: anterior, midcoro-
nal and posterior.

17.3.1 Sagittal Plane
(Anterior to Posterior)

Transcribriform Approach

The transcribriform approach [41] is defined by the re-
moval of the cribiform plate and anterior skull base to
access the anterior fossa through a nasal and ethmoidal
corridor. This module extends anteriorly from the pos-
terior ethmoidal arteries up to the level of the crista galli
and frontal sinuses. The limits of this module are the
laminae papyraceae laterally, the frontal sinus anteri-
orly and the transition with the planum sphenoidale
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Fig. 17.1 Intraoperative view during endoscopic endonasal sur-
gery at the time of elevation of the nasoseptal flap using a zero-
degree endoscope. Note the anterior cut in the mucosa of the sep-
tum (S) at the level of the head of the inferior turbinate (IT)



posteriorly at the level of the posterior ethmoidal arter-
ies. The most important structures related to this mod-
ule are the orbits and the anterior cerebral arteries (A2)
and their branches (frontoorbital, frontopolar). Compli-
cations related to the ethmoidal arteries can also occur.
Retrobulbar hematoma is an example of a problem that
can occur if they are not well coagulated or clipped dur-
ing the approach.

Commonly, a transcribriform approach is associ-
ated with removal of the planum sphenoidale for re-
section of large anterior fossa meningiomas. Other
pathologies that often require a transcribriform ap-
proach are esthesioneuroblastomas and invasive
sinonasal malignancies. It is very important to stress
that a bilateral transcribriform approach sacrifices ol-
faction. However, it is likely that the disease in ques-
tion has already compromised this function in many
of the patients. A unilateral approach can be performed
for small paramedian lesions with the intention of ol-
faction preservation.

An intraoperative view during a transcribriform ap-
proach for resection of an esthesioneuroblastoma is
shown in Fig.�17.2

Transplanum/Transtuberculum Approach

The transplanum/transtuberculum approach [41] is de-
fined by the removal of the planum sphenoidale and tu-

berculum sellae. The optic canals mark the lateral limits
for the transplanum approach. Anteriorly, the bony re-
section is limited to the level of the posterior ethmoidal
arteries. Anterior dissection from this point reaches the
cribriform plate and olfactory fibers, which should not
be trespassed upon in order to preserve olfaction.

The transplanum approach is indicated for lesions
involving the posterior aspect of the anterior skull base
(intra- or extradural) at the level of the planum sphe-
noidale. The suprasellar region is reached through re-
section of the tuberculum sellae. Craniopharyngiomas
and tuberculum sellae meningiomas are examples of
lesions that can be resected through a transplanum/
transtuberculum approach.

The critical anatomic landmark is the medial optic
carotid recess, which has to be removed in order to
allow adequate exposure of the suprasellar compart-
ment. Once it is accessed, the dural opening can occur
from one internal carotid artery (ICA) to the other with
direct safe access to the medial aspect of the carotid
cave and optic canals. The most important vital struc-
tures related to this module are the optic nerves with
the respective ophthalmic arteries, ICAs and the ante-
rior cerebral arteries (A1, Heubner’s, anterior commu-
nicating and perforators).

An intraoperative view after resection of a tubercu-
lum sellae meningioma through a transplanum ap-
proach is shown in Fig.�17.3.
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Fig. 17.2 Intraoperative view during an expanded endonasal
transcribriform approach for resection of an esthesioneuroblas-
toma using a zero-degree endoscope. Note the frontal lobes ex-
posed bilaterally (FL) at the moment the falx (F) is cut in the
midline. The orbital-frontal artery (OFa) is seen on the surface
of the right frontal lobe

Fig. 17.3 Intraoperative view after resection of a tuberculum sel-
lae meningioma through an expanded endonasal transplanum ap-
proach using a zero-degree endoscope. Note the exposure and
preservation of the optic chiasm (Ch), optic nerves (ON), Heub-
ner’s arteries (Ha), the anterior communicating artery (Acom), and
the anterior cerebral arteries (A2). The superior intercavernous
sinus (SIS) was preserved as well as the dura of the sella (S)



Transsellar Approach

In the transsellar approach [41] the face of the sella as
well as its floor are drilled exposing the “four blues”,
which refer to the bilateral cavernous sinuses and the
superior and inferior intercavernous sinuses. Frequently
the bone anterior to the ICAs is removed to allow further
retraction on the medial wall of the cavernous sinus to
permit exposure of the posterolateral contents of the
sella turcica. Wide exposure provides adequate space
for intrasellar dissections. The transsellar approach can
be used in association with the transplanum and tran-
sclival (upper third) approaches, particularly to access
intradural extrasellar disease.

The most common indication for this approach is a
pituitary adenoma. Purely intrasellar craniopharyn-
giomas and Rathke’s cleft cysts are also commonly en-
countered. Tuberculum sellae or diaphragmatic menin-
giomas can be resected with a combination of transsellar
and transtuberculum approaches, particularly when
there is an important intrasellar component of the tumor.

A resection of the tuberculum sellae is essential dur-
ing the exposure of pituitary macroadenomas with a tall
suprasellar component to allow tumor ‘waist’ decom-
pression and allow further diaphragma herniation.

The most important critical structures related to this
module are the cavernous sinuses containing both ICAs
and the cranial nerves limiting the area laterally. The
chiasm is located in the suprasellar compartment and
can be affected in large sellar lesions with suprasellar
extension such as large macroadenomas.

An intraoperative view during an endoscopic en-
donasal transsellar approach after resection of a
macroadenoma is shown in Fig.�17.4.

Transclival Approach

The transclival approach [40] can be performed seg-
mentally (upper, middle or lower thirds) or with com-
plete 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 sel-
lar posterior wall can be removed intradurally via a
transsellar approach, particularly where the tumor has
created the corridor or after a pituitary transposition and
ligation of the posterior intercavernous sinus. The ret-
rosellar bone can also be resected extradurally via a
subsellar corridor after removal of the sellar bone and
superior retraction of the sellar dura [44]. After trans-
position, the retrodorsum dura containing the basilar

plexus is exposed. Since tumors can move cranial
nerves medially, we do not perform extensive dural co-
agulation at this level to avoid damage to cranial nerves
III and VI superolaterally close to the posterior clinoids
and inferolaterally at the level of the floor of the sella,
respectively. Dural opening with basilar plexus control
provides access to the basilar artery and interpeduncu-
lar cistern.

A transclival approach is frequently utilized for re-
section of extradural and intradural diseases as such as
chordomas and chondrosarcomas. It is also used to ac-
cess purely intradural pathologies anterior to the brain-
stem such as meningiomas and craniopharyngiomas.

The middle clivus can be directly accessed at the
posterior aspect of the sphenoid sinus and its resection
is limited laterally by both ICAs ascending in the par-
aclival areas. If the bone drilling continues inferiorly,
the lower third of the clivus is restricted laterally by the
fossa of Rosenmuller and the torus tubarius. A pan-
clivectomy can extend all the way from the dorsum sel-
lae and posterior clinoids down to the basion at the
foramen magnum.

The most vital structures for this module are the
brainstem, cranial nerves II, III and VI, basilar and ver-
tebral arteries, superior cerebellar arteries, posterior
cerebral arteries and respective perforators.

An intraoperative view after resection of a cranio-
pharyngioma through an endonasal transclival ap-
proach is shown in Fig.�17.5.
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Fig. 17.4 Intraoperative view during an endoscopic endonasal
transsellar approach after resection of a macroadenoma. Note that
the tuberculum sellae was removed exposing the superior inter-
cavernous sinus (SIS) to allow total tumor resection and complete
herniation of the diaphragma sellae (D). The planum sphenoidale
(P) and the clival recess (C) are seen in the midline



Transodontoid Approach

The transodontoid approach [45] is a lower extension
of the transclival approach. However, if it is performed
independently, a sphenoid opening is not required. It is
defined by the removal of the odontoid process of the
axis (second vertebra). The lower third of the clivus is
exposed as well as the anterior arch of C1 after dissec-
tion of the nasopharyngeal mucosa and the rectus capi-
tis anterior muscles. The arch of C1 is drilled and the
odontoid process is exposed and drilled out. Depending
on the case, a posterior cervical fusion might be neces-
sary. If one of the allar ligaments and occipital condyle–
C1 articular facet capsules are preserved, stability can
be maintained.

The approach was originally described by our group
in 2005 as a means to access the extradural craniocer-
vical junction but we have subsequently used it for in-
tradural pathology [45]. This approach can be used for
resection of the odontoid process in degenerative/in-
flammatory diseases and in congenital compressive dis-
orders or to allow exposure of the ventral medulla and
upper cervical spinal cord. Foramen magnum menin-
giomas are examples of intradural lesions that can be
treated using this approach.

The most vital neurovascular structures for this
module are the vertebral arteries, posterior inferior

cerebellar arteries, brainstem and lower cranial nerves.
If a decision is made to perform a medial condylec-
tomy, then attention to the XII cranial nerves is critical
at the “10�o’clock” and “2�o’clock” positions. The ICAs
have to be considered at risk as well because occasion-
ally they can be positioned close to the midline in their
parapharyngeal segment under the mucosa. Preopera-
tive CT angiography should always be performed to
rule out this potential for a disastrous situation.

An intraoperative view during an endonasal tran-
sodontoid approach for resection of a foramen magnum
meningioma is shown in Fig.�17.6.

17.3.2 Coronal (Paramedian) Planes 
(Lateral to Carotid Arteries)

The coronal plane approaches are studied in three dif-
ferent depths. The anterior coronal plane has an intimate
relation with the anterior fossa and orbits, the middle
coronal plane with the middle fossa and temporal lobe,
and the posterior coronal plane with the posterior fossa.

The middle and posterior paramedian modules are
divided based on the morphology of the ICAs. In order
to allow dissection in the middle and posterior planes,
a transpterygoid approach is performed. The vidian
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Fig. 17.6 Intraoperative view during an expanded endonasal
transodontoid approach for resection of a foramen magnum
meningioma (Tu) using a zero-degree endoscope. Note that the
spinal cord is exposed as well as the anterior spinal artery (ASa).
Both vertebral arteries (V) are exposed and preserved. The den-
tate ligament (D) is seen in the left side with the ventral root of
C1 (C1). A portion of cranial nerve XII (XII ) is visualized on the
left side as it assumes a lateral position in relation to the left ver-
tebral artery

Fig. 17.5 Intraoperative view after resection of a craniopharyn-
gioma through an expanded endonasal transclival approach with
pituitary transposition and removal of the dorsum sellae using a
45-degree endoscope. Note the total resection of the lesion and
partial visualization of the third ventricle (V ). The basilar artery
(B) was dissected from the tumor as well as the posterior cere-
bral arteries (P1, P2), posterior communicating arteries (Pcom),
the third cranial nerves (III ) and the superior cerebellar arteries
(SCa) bilaterally



nerve and artery are key landmarks for all lateral ex-
panded approaches since the vidian canal leads to the
lacerum segment of the ICA.

Transpterygoid approach

All the modules in the midcoronal and posterior coronal
plane start with a transpterygoid approach. Initially a
maxillary antrostomy is performed exposing the poste-
rior wall of the maxillary sinus. The sphenopalatine ar-
tery is identified and its branches are coagulated and
ligated. The posterior wall of the maxillary sinus is re-
moved and the soft contents of the sphenopalatine fossa
are retracted laterally. The vidian foramen and foramen
rotundum are identified posteriorly in the sphenoid
bone. Superiorly in this exposure are found the superior
and inferior orbital fissures and the orbital apex. The
lateral sphenoid recess can be completely exposed once
the pterygoid ‘wedge’ and the base of the sphenoid
plates are drilled. This exposure allows direct access to
Meckel’s cave and the medial temporal fossa where
spontaneous CSF leaks are commonly encountered.

17.3.2.1 Anterior Coronal Plane (Anterior Fossa)

Transorbital Approach

This module requires a wide resection of the anterior
and posterior ethmoidal air cells in order to expose the
lateral wall of the sinonasal cavity. A transorbital ap-
proach is defined by the removal of the lamina pa-
pyracea or the medial optic canals. It can be performed
unilaterally or bilaterally as dictated by the pathology.
At the point the ethmoid cells are removed, the surgical
field is limited laterally by the lamina papyracea and
the orbital apex at depth. After resection of the bone,
the periorbita is exposed. These approaches can be di-
vided into intraconal and extraconal. For transorbital
intraconal approaches, the periorbita is opened and the
medial and inferior rectus muscles are exposed. In gen-
eral, there is a good window in between these two mus-
cles to allow intraconal dissection dictated by the in-
trinsic pathology. Subconjunctival localization and
mobilization of the eye muscles are extremely helpful
during endonasal endoscopic procedures.

A transorbital endoscopic endonasal approach is in-
dicated for resection of sinonasal lesions that are invad-
ing the posterior medial wall of the orbit (such as
sinonasal malignances), for decompression of the optic
nerves in the presence of unresectable intraconal

pathologies or for accessing intraconal diseases with
the goal of resection such as schwannomas, caver-
nomas and meningiomas. The most important vital
structures related to this module are the optic nerves,
the anterior and posterior ethmoidal arteries and the
ophthalmic artery with its central retinal branch.

An intraoperative view during dissection of an in-
traorbital meningioma through an endonasal transor-
bital intraconal approach is shown in Fig.�17.7.

17.3.2.2 Midcoronal Plane (Middle Fossa)

Petrous Apex (Zone 1)

The petrous apex approach (zone 1 [39]) is fundamen-
tally a lateral extension of the middle third transclival
approach. Chondrosarcomas and cholesterol granulo-
mas are typical pathologies in this location. This mod-
ule is especially useful when lesions expand the petrous
apex medially. When the disease is located behind the
ICA without medial expansion or remodeling, this me-
dial–lateral corridor should not be used to avoid dam-
age to the ICA. Isolated disease located behind the
petrous ICA (‘retropetrous’) is more safely accessed
through an infrapetrous (below the ICA) approach
(zone 2; see section 17.3.2.3 Posterior Coronal Plane).
The most pertinent structures are the ICAs and the VIth
cranial nerve at Dorello’s canal.
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Fig. 17.7 Intraoperative view during dissection of an intraorbital
meningioma through an expanded endonasal transorbital intra-
conal approach with a 45-degree endoscope. Note the window
for intraconal dissection between the inferior rectus muscle (IRm)
and the medial rectus muscle (MRm). The intraorbital fat is seen
anteriorly and the meningioma (Tu) posteriorly



Suprapetrous Approach (Zone 3)

Suprapetrous refers to above the course of the horizon-
tal ICA).

This module (zone 3 [39]) is indicated to access le-
sions located in Meckel’s cave through the quadrangular
space [31]. This space is outlined by the horizontal
petrous ICA inferiorly, the ascending vertical cav-
ernous/paraclival ICA medially, the VIth cranial nerve
superiorly in the cavernous sinus and the maxillary di-
vision of the trigeminal nerve (V2) laterally. In order to
get to this region, a transpterygoid approach is performed
and the vidian nerve is followed posteriorly up to the
level of the lacerum segment of the carotid artery. Once
the ICA is identified, it can be skeletonized if needed,

depending on the pathology. The bone of the medial tem-
poral fossa is drilled and the periosteum exposed and
opened at the quadrangular space described above.

Pathologies commonly encountered in this region are
invasive adenoid cystic carcinomas, juvenile nasal an-
giofibromas, meningiomas, schwannomas and invasive
pituitary adenomas.

The key structures related to this module are the
boundaries of the space: ICA, VIth cranial nerve and
trigeminal nerve. It is wise to stay below the level of V2
to avoid damage to the VIth cranial nerve.

Image guidance during an expanded endonasal
suprapetrous approach for resection of a trigeminal
schwannoma located in Meckel’s cave is shown in
Fig.�17.8.
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Fig. 17.8 Image guidance during an expanded endonasal suprapetrous approach (zone 3) for resection of a trigeminal schwannoma
located in Meckel’s cave. Note the trajectory of the blue line (probe)



Supralateral Cavernous Sinus Approach (Zone 4)

Zone 4 [39] refers to the cavernous sinus and is ap-
proached lateral to the ICA. It is rarely indicated and
most commonly applied in patients who already have
cranial nerve deficits (III, IV, VI) such as in apoplectic
or functional pituitary adenomas that invade the cav-
ernous sinus causing a cavernous sinus syndrome. It is
anatomically defined by the area lateral to the sella tur-
cica where the cavernous carotid siphon is located. The
structures at risk during this approach are cranial
nerves III, IV, V and VI, and the ICA with its sympa-
thetic fibers.

It is important to mention that we often enter the
cavernous sinus just lateral to its medial wall mainly
during pituitary surgery with cavernous sinus invasion,
which is a lateral extension of a medial transsellar ap-
proach. We call that portion of the cavernous sinus the
“medial cavernous sinus”, since it is located medial or
just posterior to the ICA. The medial compartment is a
relatively safe area for dissection since all of the cranial
nerves are lateral to the cavernous ICA. The inferior
hypophyseal artery runs at that level and can be a
source of brisk arterial bleeding if not identified and
controlled. 

Infratemporal Approach (Zone 5)

As one travels from medial to lateral sequentially, the
pterygopalatine, infratemporal and temporal fossa are
encountered (zone 5 [39]), and these are defined by their
relationships to the medial and lateral pterygoid plates.
As one progresses from the pterygopalatine fossa, the
dissection can be pursued laterally until the lateral ptery-
goid plate is identified. The lateral pterygoid plate can
be drilled rostrally until it is flush with the middle cra-
nial fossa and foramen ovale allowing a corridor even
more lateral into the infratemporal fossa. The lateral
pterygoid plate is a landmark for identification of the
mandibular nerve (V3) immediately posterior.

Pathologies encountered in this region are invasive
carcinomas, CSF leaks, encephaloceles, schwannomas
and skull-base meningiomas. 

The relevant structures in this module are the con-
tents of the pterygomaxillary fissure, such as the inter-
nal maxillary artery with its branches, the vidian nerve,
the trigeminal nerve (V2 and V3) branches and the su-
perior orbital fissure superiorly.

Image guidance during an endonasal infratemporal
approach for resection of a recurrent chordoma is
shown in Fig.�17.9.

17.3.2.3 Posterior Coronal Plane
(Posterior Fossa)

Infrapetrous Approach (Zone 2)

This region focuses on the petroclival synchondrosis.
The bone under the petrous segment ICA can be re-

moved until the underlying dura of the posterior fossa
and venous plexus is identified. The approach (zone 2
[39]) is defined by resections at the petroclival junction.
The middle fossa represents the superolateral boundary
with the petrous ICA. If required, the dura mater pos-
terior to the drilled petrous bone can be opened to pro-
vide access to the paramedian section of the prepontine
cistern. for example to expand the corridor to approach
a petroclival meningioma. Chondrosarcomas and chor-
domas are the most common pathologies in this region.
Cholesterol granulomas of the petrous apex can be
evacuated through this approach particularly when they
do not protrude medially into the clival recess. 

The vital structures related to this module are the
constituents of the inner ear with nerves VII and VIII
laterally, the petrous ICA superiorly and the hypoglos-
sal nerve inferolaterally.

Condylar/Hypoglossal Canal Approach

This approach (zone 6 [39]) is an inferior extension of
zone 2. It can be approached in combination with an
inferior third transclival approach as a lateral extension.
However, a zone 6 transcondylar approach is only con-
sidered when a partial condylectomy is performed. It is
commonly necessary when proximal control of the ver-
tebral artery is important.

The eustachian tube is an important landmark to
safely determine the position of the ICA in its parapha-
ryngeal segment where it penetrates the carotid canal
in the petrous bone. The fossa of Rosenmüller is fol-
lowed laterally. The medial aspect of the occipital
condyle is encountered lateral to the foramen magnum
and followed laterally. The hypoglossal canal is local-
ized rostrolateral to the condyle and should be navi-
gated carefully. This represents the lateral limit of this
module. A portion of the condyle can be drilled pro-
viding that there is no transgression of the occipital–
C1 joint thereby maintaining stability. The dura can be
opened behind the drilled condyle and the vertebral ar-
tery identified.

Pathologies encountered in this region are invasive
carcinomas, paragangliomas, schwannomas and skull-
base meningiomas.
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The relevant structures in this region are the internal
maxillary artery, the ICA (parapharyngeal and petrous
segments), the trigeminal nerve above and anteriorly,
and the XIIth cranial nerve exiting the hypoglossal
canal inferiorly and laterally. The lateral limit of zone
6 is the ascending parapharyngeal ICA and the hy-
poglossal canal.

Jugular Foramen (Zone 7)

Zone 7 is defined by the need for lateral exposure and
dissection in close relationship to the parapharyngeal
ICA. Zone 7 is a lateral extension of zone 6. The most

important landmark for this approach is the eustachian
tube, which is sacrificed in order to allow access to the
ICA and jugular foramen. The eustachian tube runs par-
allel and anterior to the petrous ICA and it enters the
petrous bone just medial to the ascending parapharyn-
geal ICA before it enters the petrous canal. Following
the eustachian tube laterally allows direct identification
of the ICA. Once the ICA is localized, the jugular fora-
men is located immediately lateral and posterior. Cra-
nial nerves IX, X and XI are located in between the
jugular vein and the ICA. This region often requires an
endoscopic Denker’s (i.e. wide medial) and anterior
maxillectomy.
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Fig. 17.9 Image guidance during an expanded endonasal infratemporal approach for resection of a recurrent chordoma. Note the
trajectory of the blue line (probe)



Pathologies encountered in this region are invasive
carcinomas, paragangliomas, schwannomas and skull-
base meningiomas. 

The jugular foramen with jugular vein and lower
cranial nerves (IX, X, XI) are the most relevant struc-
tures in this module, plus all structures listed in zone 6.

17.4 Reconstruction Technique

Following the principles of reconstruction in open skull-
base surgery, we use vascularized tissue to rebuild the
skull-base defect. Hadad et al. developed a nasoseptal
flap supplied by the posterior nasoseptal arteries, which
are branches of the sphenopalatine artery [42]. We have
subsequently modified this flap and have shown its abil-
ity to reach the entire ventral skull base [43]. This na-
soseptal mucosal flap is our preferred reconstruction

technique [43]. The flap is harvested initially during the
surgery or as a rescue flap at the end of the procedure in
cases in which a CSF leak may not be generated during
dissection. In general, it is harvested on the side that re-
quires less lateral exposure, contralateral to the lesion
[43]. During the reconstruction, the flap needs to be in
contact with the denuded bone for appropriate defect
closure, so all the sinus mucosa is extirpated.

Besides the nasoseptal mucosal flap, we use an inlay
subdural graft of collagen matrix. Rarely, in cases in
which the nasoseptal flap does not cover the entire de-
fect, an additional onlay fascial graft and/or abdominal
free fat is used. It is imperative to avoid leaving any
foreign body or nonvascularized tissue between the flap
and the surrounding edges of the defect.

When a nasoseptal flap is not available, then vascu-
larized tissue can be obtained from other sources. Ex-
cellent alternatives are in the nasal cavity, such as an
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Fig. 17.10 Intraoperative sequence views of skull base reconstruction. a The skull-base defect. b The nasoseptal flap covering the
defect. c Surgicel on top of the nasoseptal flap. d Duraseal was deposited on the Surgicel. White arrows (a, b) nasoseptal flap

a b

c d
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Historical Notes

Skull-base surgery is a very exciting and relatively re-
cent medical discipline that still represents a challenge
for the surgeon who is involved in this field.

The history of skull-base surgery is brief, but many
pioneers have contributed to its development. Donald
reports that the first approaches to the skull base were
performed by Francesco Durante (1844–1934) who
successfully removed an olfactory groove meningioma
in a 35-year-old woman who presented with a loss of
smell, proptosis and loss of memory [1].

Historically, most of maxillofacial approaches de-
rive from pituitary gland surgery. Giordano was the first
surgeon to describe an extracranial corridor to the sphe-
noid sinus and intracranial contents [2]. In 1907 the first
purely transnasal excision to remove the pituitary gland
via the transphenoidal approach was described by
Schloffer [3] and, in 1910, Von Eiselsberg performed a
transfacial approach to the sphenoid sinus [4]. Subse-
quently, Cushing in 1914 attempted a sublabial ap-
proach to the pituitary fossa preserving the turbinates
and nasal function following Killian’s suggestion of
using a submucosal dissection of the nasal septum [5].
In the same period, Oscar Hirsch, an otolaryngologist,
developed the transnasal route combining it with a mid-
line sublabial approach [6].

The first anterior craniofacial resection for a tumor
was performed by Dandy in 1941 who, while removing
an orbital lesion via an anterior craniofacial approach,

entered the ethmoid complex achieving a better visu-
alization [7].

The work performed by Ketcham et al. in 1963 re-
garding the combined intracranial–transfacial approach
to the paranasal sinuses represent a milestone for the
future development of the transfacial approaches in
skull-base surgery [8, 9].

More recently, regarding craniofacial surgery for the
treatment of skull-base lesions, plastic surgeons, such
as Paul Tessier, and maxillofacial surgeons, such as
Joram Raveh, recommended that, to reach the central
skull base, retraction of the brain parenchyma should
be avoided, thus also avoiding related complications
[10, 11]. Later, the introduction of the operative micro-
scope contributed tremendously to the improvement of
surgical techniques, minimizing brain retraction and
improving the functional and esthetic results.

Finally, the transoral approach to the clivus and
upper cervical spine was developed by Scoville and
Sherman in 1951 [12] and, later, Crockard refined and
standardized this approach [13], while median labio-
mandibular glossotomy was introduced by Conley in
1970 [14].

Introduction to Maxillofacial
Approaches

Often the disease (neoplastic, inflammatory, vascular,
traumatic, or congenital) affects the structures on both
sides of the base of the skull. Surgery in this region is
unique due to its complexity, often requiring the coor-
dinated cooperation and the mutual expertise of at least
two surgical disciplines (i.e. neurosurgery and maxillo-
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facial surgery), since the segmental nature of the cran-
iofacial skeleton lends itself to schematic anatomic
compartmentalization of neoplasms involving this re-
gion. The development of computed tomography, mag-
netic resonance imaging, and, more recently, positron
emission tomography and image-guided surgery sys-
tems (neuronavigation) has allowed an increase in the
indications, improvement in the results and a reduction
in the complications, thus permitting the evolution and
refinement of the surgical techniques. Transfacial ap-
proaches are useful as an overall framework for the dis-
assembly of the face for exposure of the cranial base.

Indeed, by using these techniques, multiple seg-
ments of the craniofacial skeleton and soft tissue may
be disassembled to expose deep-seated tumors, and
then reassembled with quite good functional and es-
thetic results, enabling the surgeon to resect these tu-
mors more efficiently under direct vision and magnifi-
cation. Transfacial approaches provide a wider
exposure of a difficult region and allow resection of al-
most all anterior skull-base tumors, having in mind the
team concept where the essential figures are the cran-
iofacial surgeon and the neurosurgeon.

The transnasal, transseptal, transfacial, transoral,
and transmaxillary (Le Fort I maxillotomy) approaches
are usually considered alternative routes to the skull
base; they often provide adequate tumor removal with
minimal morbidity. Although better esthetic results can
be achieved with some of these approaches, all of them
have pros and cons that are highlighted in the following
chapters, each one focusing on a particular subgroup.

The transfacial approaches to the skull base may be
roughly divided into midfacial routes, low-facial routes
and lateral routes.

Among the midfacial routes, we can include the fol-
lowing:
• Lateronasal approaches:

– Denker
– Weber-Ferguson
– Midfacial degloving

• Transorbital
– Lynch
– Medial orbitotomy
– Lateral orbitotomy
– Transconjuntival
– Subciliary

• Transnasal
– Microscopic
– Endoscopic

• Transmaxillary
– Le Fort I maxillotomy with or without palatal split

Among the low-facial routes, we can include the fol-
lowing:
• Transoral
• Transmandibular

Among the lateral routes, we can include the fol-
lowing:
• Approach to the infratemporal fossa
• Approach to the pterygopalatine fossa

Besides the various types of approach to the skull
base, it is extremely important to analyze the recon-
structive techniques and methods, which greatly con-
tribute to the functional and esthetic results.

The maxillofacial segment of this atlas is focused on
the main approaches used to expose the skull base:

Midfacial approaches Such approaches, using trans-
facial swing osteotomies and based on the principle of
disassembly of vascularized midfacial composite units,
allow a wide exposure of the anterior and central areas
of the skull base and related anatomical regions, such
as the nasopharynx or the paranasal sinuses. They are
usually completed by esthetic and functional recon-
struction.

Transmandibular approaches Such routes can be
useful for the surgical management of lesions involving
the middle and posterior cranial base, its underlying
volumes, and the first cervical vertebrae. The transman-
dibular approach allows a wider exposure of the middle
compartment of the skull base from the foramen mag-
num up to the sella turcica on the midline, and laterally
exposing the infratemporal fossa, petrous bone and
parapharyngeal space with its neurovascular contents,
compared to other skull-base approaches, i.e. transeth-
moidal, transoral, transoral–transpalatal.

Orbital approaches Such approaches are frequently
indicated for orbital decompression for thyroid orbitopa-
thy, excision of cysts or masses, repair of fractures and
reconstruction of defects, abscess drainage, optic nerve
decompression, and removal of a foreign body.

Transoral approach The transoral approach provides
a direct midline surgical corridor to the midline to ex-
pose the craniovertebral junction and ventral foramen
magnum. It is indicated principally for extradural le-
sions such as chordomas, chondrosarcomas and
rheumatoid or degenerative pannus. This approach can
be extended to increase the exposure via the transmax-
illary route without or with palatal split, transpalatal
route and median labiomandibular glossotomy.

Reconstructive techniques Accurate planning of re-
construction after most of the approaches described is
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mandatory. The key point is to separate the endocranial
contents from the pharynx and external environment by
means of well-vascularized tissue. This chapter gives

an overview of the most used and useful reconstructive
techniques, with respective indications, complications,
advantages and limitations.
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18.1 Introduction

The orbits represent key structures in the organization
of the middle third of the face.

Seven bones form the bony orbital framework: max-
illa, zygoma, ethmoid, sphenoid, palatine, frontal and
lacrimal (Fig.� 18.1). The bony orbit is a pyramid-
shaped, conical structure with a total volume of approx-
imately 30�cm3 (7�cm3 corresponding to the globe) com-
pletely occupied by soft tissues (eyeball, extraocular
muscles, vessels, nerves, lacrimal gland, fat, etc.). To
simplify assessment of the orbit, this region is organ-
ized into three anatomic compartments: the extraconal
space, the intraconal space, and the globe. The orbit is
a potential source of a wide range of diseases due to its
structural complexity. Because of the anterior anatomic
obstacle created by the bony orbital rim and the antero-
posterior narrowing of the orbital cavity, the choice of
an adequate surgical access to the orbit requires a com-
prehensive evaluation of the case (clinical, radiological,
pathological) and scrupulous adhesion to some basic
operative principles: a bloodless operative field, ade-
quate exposure and visualization, optimal instrumenta-
tion, safe atraumatic manipulation of the tissues and ex-
posure through nonpathologically involved planes.

A detailed review of the literature reveals no sub-
stantial change or innovation in the surgical approaches
to the orbit during the last century, but rather a more ra-
tional use of well-described procedures mainly related
to the topographic characteristics of the disease.

18.2 Surgical Anatomy

The orbit consists of seven bones that form a four-sided
pyramid evolving into a three-sided one proceeding
from the external rim to the apex. Anteriorly the bony
orbit is delimited by a wide rim that Whitnall described
as a spiral with its two ends overlapping medially on ei-
ther side of the lacrimal fossa. The superior orbital rim
is constituted by the frontal bone, the lateral rim by the
zygoma, the medial rim by the frontal process of the
maxilla joined with the maxillary process of the frontal
bone, and the inferior rim by the maxilla medially and
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the zygoma laterally. The orbital roof consists of the thin
orbital plate of the frontal bone that separates the orbit
from the frontal sinuses anteriorly and the anterior cra-
nial fossa posteriorly. The posterior 1.5 cm of the orbital
roof is formed by the lesser wing of the sphenoid bone
as the roof tapers backwards and downwards toward the
orbital apex into the anterior clinoid process. The optic
nerve enters the orbit through the optic foramen located
in the posterior orbital roof. More anteriorly the lacrimal
gland fossa is located in the lateral part and the trochlear
fossa in the medial part of the orbital roof.

The lateral orbital wall is formed by the zygoma an-
teriorly and the greater wing of the sphenoid bone pos-
teriorly. The thickness of the lateral wall changes
widely moving from the rim (the strongest part),
through the middle third (the thinnest part) and finally
to the sphenozygomatic suture posteriorly (where the
thickness rises again). The Whitnall’s tubercle is 1.2�cm
to 1.5� cm posterior to the lateral orbital rim, and it
marks the attachment of the lateral canthal tendon
which should be reattached if freed during surgery. The
posterior extent of the lateral wall is defined by the su-
perior orbital fissure, which separates the lesser and
greater wings of the sphenoid bone, and the inferior or-
bital fissure created by the gap between the maxilla and
the greater wing of the sphenoid bone.

The medial orbital walls are approximately parallel
to each other and to the midsagittal plane. From ante-
rior to posterior, the medial orbital wall is formed by:
1. The frontal process of the maxilla, which is a thick

bone segment that forms the medial orbital rim.
2. The lacrimal bone, a thin plate which contains the

posterior lacrimal crest and forms the posterior half
of the lacrimal sac fossa.

3. The lamina papyracea of the ethmoid bone, which
is a thin plate (0.2–0.4 mm) that separates the orbit
from the ethmoid air cells.

4. The body of the sphenoid bone, that completes the
medial wall to the apex.
The frontoethmoid suture marks the superior limit

of the medial orbital wall. It contains the anterior and
posterior ethmoidal foramina approximately 20 to
25� mm and 32 to 35� mm posterior to the anterior
lacrimal crest, respectively. These foramina transmit
corresponding arteries, and should be identified to pre-
vent hemorrhage and also because they mark the ap-
proximate level of the cribriform plate that separates
the floor of the anterior cranial fossa and the roof of the
ethmoid sinus. A cerebrospinal fluid (CSF) leak can
occur if the medial orbital wall is penetrated superior
to these foramina.

The orbital floor is the shortest orbital wall, formed
mainly by the orbital plate of the maxilla overlying the
maxillary sinus. The anterolateral segment is formed
by the zygomatic bone and the posterior segment by
the palatine bone. The floor forms a triangular wedge
from the maxillary-ethmoid buttress to the inferior or-
bital fissure horizontally, and the orbital rim to the pos-
terior wall of the maxillary sinus; so it does not reach
the orbital apex. The infraorbital groove, transmitting
the infraorbital nerve and artery, starts from the inferior
orbital fissure and runs forward in the maxilla, becom-
ing the infraorbital canal anteriorly and ending as the
infraorbital foramen 6 to 10�mm inferior to the inferior
orbital rim. The floor is thin and medial to the infraor-
bital canal, and surgery on the orbital floor requires spe-
cial attention to prevent injury.

The orbital contents consist of: eyeball, extraocular
muscles, vessels, nerves, lacrimal gland, fat, etc. In par-
ticular, the four rectus muscles define the so-called
“muscle cone” dividing the orbit into extraconal and
intraconal compartments.

The eyelids contain the orbital septum (which repre-
sents the anterior soft tissue boundary of the orbit) and
the protractor–retractor muscular system (that allows
opening and closing of the lids, and provides the blink
reflex responsible for protection of the cornea and for
pumping tears through the lacrimal excretory system).

The orbital septum, covered by a thin layer of skin,
subcuticular tissue and preseptal orbicularis, originates
from the orbital rim at the arcus marginalis and inserts
onto the eyelid retractors. In both eyelids, there is an
analogous triangular space between the eyelid retractor
and septum that contains orbital fat. The upper eyelid
retractor is represented by the levator muscle, whose
aponeurosis passes downward from Whitnall’s liga-
ment about 15 to 20�mm to insert onto the tarsal face
and to the pretarsal eyelid skin. The lower eyelid re-
tractor is the capsulopalpebral fascia, which originates
from and is powered by the inferior rectus muscle and
which incorporates the fascial fibers of Lockwood’s lig-
ament. After surrounding the inferior oblique muscle,
the capsulopalpebral fascia continues forward to insert
onto the lower eyelid tarsus and pretarsal skin.

The posterior lamella of the eyelids consists of
smooth tarsal muscles (more developed in the upper eye-
lid as Müller’s muscle, which originates from the pos-
terior surface of the levator aponeurosis in the region of
Whitnall’s ligament and inserts onto the superior tarsal
border), conjunctiva, and the tarsal plates, which are fi-
brous condensations that provide a skeleton for the eye-
lid margin and contain the meibomian glands (Fig. 18.2).
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The orbicularis muscle is divided into pretarsal, pre-
septal and orbital portions. The muscle fibers form a C-
shaped loop and function as the eyelid sphincter. The
orbital portion of the orbicularis inserts medially along
the superior and inferior orbital rims. The pretarsal and
preseptal portions insert with a complex arrangement
at the medial canthal tendon by dividing into interdig-
itating deep and superficial heads. The preseptal muscle
divides in a superficial head, which inserts into the an-
terior limb of the medial canthal tendon, and in a deep
head, which inserts onto the fascia of the lacrimal sac.
The pretarsal muscle sends anterior slips to the anterior
medial canthal tendon and posterior slips (the pars
lacrimalis or Horner’s muscle) that converge posterior
to the lacrimal sac, enclosing the posterior wall of the
lacrimal sac and inserting onto the posterior lacrimal
crest. The lacrimal sac lies in the lacrimal fossa be-
tween the two limbs of the medial canthal tendon.

The lateral canthal tendon is created by the conflu-
ence of the upper and lower tarsal tendons and inserts
on the lateral orbital tubercle of Whitnall. More anteri-
orly the lateral canthal tendon receives a contribution
from the lateral pretarsal and preseptal orbicularis oculi
muscle. The deep portion of the lateral canthal tendon
forms the lateral part of the orbital septum.

The lacrimal system is composed of a secretory and
an excretory component. The secretory portion is com-
posed mainly of the lacrimal gland (orbital and palpe-
bral portions divided by the levator aponeurosis) that
lies in the shallow lacrimal fossa of the anterolateral or-
bital roof, and the excretory portion comprises the su-
perior and inferior puncta and canaliculi, the lacrimal
sac, and the nasolacrimal duct which drains tears into
the nasal fossa beneath the inferior turbinate.

18.3 Clinical Aspects

According to Rootman and Durity [1] the anatomic
changes caused by a disease in the orbit can be divided
into four basic categories of clinical manifestation: in-
flammatory signs, mass effect, infiltration, and vascular
changes. These categories are not necessarily independ-
ent, but provide a working framework for characteri-
zation of a particular orbital problem.

A mass effect consists of displacement with or with-
out signs of involvement of sensory or neuromuscular
structures. Displacement of orbital structures can in-
dicate the localization of the disease and help in defin-
ing its nature.

Inflammation is characterized by, and can be sus-
pected by, signs and symptoms of pain, warmth, loss
of function, and a mass effect. The degree to which one
categorizes the process as either acute or chronic is re-
lated to the severity of the signs and symptoms as well
as the rapidity of onset.

Infiltrative changes are usually associated with ev-
idence of bone destruction, muscle entrapment, etc.,
which may lead to effects on ocular movement and
neurosensory function (e.g., diplopia, muscle restric-
tion, visual loss, pain or paresthesia).

Alterations in the shape, size, and structural integrity
of vessels may imply an underlying vascular process.
The major features suggesting vascular changes are ve-
nous dilatation, tissue exudation, hemorrhage, infarc-
tion, and structural alterations of vascular components.

Statistically the most common manifestation related
to neoplasia is a mass effect while the second one,
which is usually associated with a malignant process,
is infiltration.

Patients affected by orbital diseases must be investi-
gated with a thorough history and physical analysis,
which would define the structural and functional
changes as well as the location of orbital lesions. The
steps of investigation are comprehensive and comprise
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Fig. 18.2 Cross-sectional anatomy of the eyelids and anterior orbit

Orbital septum

Levator aponeurosis

Superior fornix

Preseptal orbicularis

Müller’s muscle

Superior tarsus

Pretarsal orbicularis

Conjunctiva

Pretarsal orbicularis

Inferior tarsus

Lower lid retractors

Orbital septum

Inferior rectus muscle

Inferior oblique muscle



a careful clinical examination, ocular and visual func-
tion assessment, orbital imaging, systemic survey, and
pathological study.

The objective assessment of the eye and adnexal
structures should include an evaluation of the color and
texture of the adnexal tissues and surface of the eye, an
observation of any disparity in the anatomic relationship
of the eye and covering eyelids, and palpation of the or-
bital rim and soft tissue components of the anterior orbit
[2]. Protrusion (any combination of proptosis and dis-
placement) of the eye, mono- or bilateral, is the most
frequent manifestation of Graves’ orbitopathy or an or-
bital tumor; on the contrary, enophthalmos is sometimes
secondary to a retraction effect of an infiltrative, scle-
rosing malignant tumor. Dynamic proptosis is usually
associated with a carotid–cavernous sinus fistula of trau-
matic origin or with a bony dysplasia of the orbit present
in neurofibromatosis. Palpation of an orbit with a pro-
truding or displaced eye is of diagnostic value essen-
tially in cases of a tumor located along the orbital rim,
in the lacrimal gland fossa, and in adnexal structures.

The next step is the assessment of ocular function and
motility, which is helpful in diagnosis and essential in
judging the “before and after” of therapy. Ocular func-
tion may be affected in several ways by an orbital mass
such as malposition of the eye secondary to increased
orbital pressure, anatomic contact of tumor and eye, in-
filtration by tumor of nerves and muscles connected to
the eye, and direct or indirect compromise of the blood
supply to the eye and appendages by the tumor.

Finally, ocular and psychophysical investigations
should include visual field assessment, oculomotor ex-
amination, psychophysical studies, such as color vision
and contrast sensitivity, and electrophysiological inves-
tigations (visual evoked response, VER).

18.4 Orbital Imaging

Orbital imaging has undergone an extraordinary evo-
lution over the last 30–40�years and nowadays provides
detailed information. It is not only able to display the
exact localization but also to suggest features of inflam-
matory, mass, infiltrative, and vascular changes. These
radiographic data, combined with clinical and ophthal-
mological investigation results, allows increasing
specificity in terms of defining the position, nature, and
clinical course of lesions. In particular they can reveal
fundamental information regarding evidence of infil-
tration, capsular definition, tissue characteristics, and

the relationship to the vascular and nervous systems,
which will aid in determining both the need for surgery
and the type of approach. In addition, changes with
time on follow-up can aid in diagnosis and assessment
of a treatment modality.

In modern imaging routines radiographic methods
are of limited use, but can outline dense tumors such as
osteomas and the bony changes associated with both
expansive and destructive lesions and fractures.

Nowadays the gold standard in orbital imaging in-
vestigation remains accurate high-resolution computed
tomography (CT) with or without administration of
contrast agent. The CT scan can define the margin of
lesions (smooth, nodular, or infiltrative) and demon-
strate contrast enhancement in inflammatory, vascular,
and some solid tumors. Density differentiation may
help in defining fat and calcium, and delineate adjacent
soft tissues. The location of the lesions as well as their
extension into either the nasosinusal cavities or in-
tracranial spaces can also be studied with both soft tis-
sue and bone dedicated settings.

Magnetic resonance imaging (MRI) may give addi-
tional information regarding the structural nature of or-
bital lesions and is particularly useful in the study of
optic nerve masses when the normal nerve structures
can be defined separately from adjacent tumor masses,
thus differentiating between intrinsic and extrinsic optic
nerve tumors. In addition, this modality is useful in
demonstrating some vascular lesions and delineating
the anatomy of and relationship to intracranial struc-
tures in lesions that have extended beyond the orbit into
adjacent cavities. Finally, gadolinium-enhanced fat-
suppressed MRI is the first choice imaging modality in
patients affected by Graves’ orbitopathy.

Vascular studies, both arterial and venous, are useful
only for selected aspects of orbital tumors. Magnified
and subtracted views of the arterial supply can aid in
defining preoperatively the location and character of the
blood supply of tumors. Some vascular tumors can be
treated with preoperative embolization and occlusion.
Venography is rarely used now except for specific indi-
cations in case of orbital varices. Echography can pro-
vide useful information on location, size, shape, tissue
characteristics, and vascular features of many lesions.

18.5 Pathological Diagnosis

In order to provide a framework for understanding sur-
gical indications and approaches to the orbit, orbital dis-
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orders can be classified into six major categories
(Graves’ disease, neoplasia, structural disorders, inflam-
matory processes, vascular lesions, degenerative dis-
eases) [1, 3]. These diseases can occur either independ-
ently or together, in or around the orbit, and all enter
into the differential diagnosis of “orbital tumors” inso-
far as they produce mass and functional effects based
on displacement or infiltration of healthy structures.

Pathological assessment of biopsied tissue has be-
come increasingly sophisticated and it is important to
emphasize that the appropriate management and pro-
cessing of these tissues should be clearly outlined in
advance of surgery to maximize the diagnostic yield.
Orbital masses with a clear benign clinical behavior and
benign imaging (well-defined boundaries/borders, etc.)
can be approached without any pathological preopera-
tive assessment. On the other hand, masses showing an
infiltrative pattern on imaging and/or a malignant clin-
ical course need open biopsy or a fine-needle aspiration
biopsy (FNAB). This is the case for malignant tumors,
and also for inflammatory processes (inflammatory
pseudotumor) and systemic diseases not requiring sur-
gery (lymphomas).

Orbital lesions can be biopsied not only with open
surgical procedures but also with B-scan ultrasound- or
CT-guided FNAB, especially for lesions involving the
optic nerve. The basic tenet of FNAB is to establish a
histological diagnosis of an orbital tumor in an office
setting, which may spare the patient the morbidity of
an orbitotomy. To this end, Kennerdell [4] standardized
the technique, tried to ensure its safety, noted the com-
plications, and assessed the accuracy and efficacy of
the procedure. The accuracy of the procedure has, how-
ever, been the subject of ongoing discussion in the lit-
erature, considering both the pros and cons: inadequacy
of the quantity and quality of the tissue aspirate has
been noted; false-negative and false-positive diagnoses
have been recorded; and the interpretive skill of the cy-
topathologist has been questioned.

18.6 Indications for Surgical
Intervention

The approach and timing of surgical intervention de-
pends on the nature of the disease as defined by pre-
operative investigation. Statistically the main/more-
frequent indications for intervention are: orbital de-
compression for thyroid orbitopathy, excision of a cyst
or mass, repair of fractures and reconstruction of de-

fects, abscess drainage, optic nerve decompression,
and removal of a foreign body [1].

In particular orbital masses can be divided into two
broad categories in terms of the indications for surgery:
1. Well-defined, limited, circumscribed, slow-growing,

or nonprogressive lesions whether they are cystic,
neoplastic or structural not causing functional
deficit, can usually be monitored. In such cases sur-
gical intervention is based on the size, location, rate
of progression, or functional impairment produced
by the lesion and is usually radical.

2. Progressive, poorly defined, or infiltrative lesions
that cause functional deficits or entrapment of or-
bital structures generally require FNAB or incisional
biopsy prior to definitive management. The surgical
intervention is then based on the specific histopatho-
logical diagnosis.
Neurogenic tumors require special surgical consid-

erations. The indication for excision of an optic nerve
glioma or meningioma is limited to lesions showing
growth during follow up toward the optic chiasm which
are associated with blindness, severe pain and propto-
sis. Only rare exophytic and anterior optic nerve menin-
giomas (nerve sheath meningiomas) can be resected
sparing the optic nerve. Finally, sphenoid wing menin-
giomas are usually resected via craniofacial ap-
proaches, reserving such complex surgical procedures
to patients with large lesions that cause progressive,
functional deficit and/or severe proptosis.

18.7 Surgical Approaches to the Orbit

The progressive refinements in imaging modalities
(CT, MRI) and the anatomic studies of Koornneef [5,
6], which have disclosed the definite structural organ-
ization and constant pattern of the intraorbital connec-
tive tissue system, have led to the codification of so-
called “topographic orbital surgery” which provides
a more rational selection of surgical technique. In par-
ticular, in the above-mentioned studies, Koornneef did
not find any anatomic evidence for the existence of a
common muscle sheath behind the globe, as sug-
gested by radiologists, subdividing the orbit into cen-
tral and peripheral surgical spaces. Based on this
study, the terms “intraconal” and “extraconal” are
merely radiological definitions, as confirmed, for ex-
ample, by the biological behavior of tumors that, re-
gardless of their origin within the orbit, extend freely
through the two spaces.
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The available surgical techniques are classically di-
vided into anterior or soft-tissue approaches, orbital
marginotomies or osseous approaches, and craniofacial
approaches.

Surgical access to the orbital skeleton and periorbital
structures through the eyelids and anterior orbit can be
accomplished using a wide range of cutaneous incisions.
Historically, these incisions were developed mainly
from the surgical treatment of orbitozygomatic fractures
and blepharochalasis [7]. The choice of incision is
mainly influenced by the surgeon’s personal experience.
Classical cutaneous approaches to the orbital skeleton
and periorbital structures are illustrated in Fig.�18.3.

Access to the orbital region is quite difficult because
the orbital skeleton and in particular the bony rim often
limit surgical maneuvers in a narrow anatomic space.
For this reason in 1889 Krönlein [8], in order to expose
and remove an intraorbital dermoid cyst, proposed mo-
bilization of the lateral orbital wall. This basic concept
was then extended to other orbital walls so that now or-
bital or cranioorbital bone segments may be temporar-
ily removed and replaced in their original position with-
out any morphological sequelae. Orbital marginotomies
available for surgical treatment of orbital diseases are
classified into four distinct procedures according to the
spatial organization of the bony walls: inferior, lateral,
superior and medial [9] (Fig.�18.4).

Of the surgical approaches to the orbit, 8% to 10%
are performed combining an orbital marginotomy with
a neurosurgical approach, the so-called craniofacial or
combined approaches [10].

The superior approach to the orbit, via either a trans-
frontal or a frontotemporalorbitozygomatic approach,
is usually chosen for the resection of apical or com-
bined apical/intracranial lesions (gliomas, menin-
giomas) or malignances requiring en bloc orbitectomy.

Finally, the surgical treatment of specific diseases
involves the selection of dedicated procedures, such as
transethmoidosphenoidal decompression of the intra-
canalicular part of the optic nerve in cases of posttrau-
matic neuropathy [11, 12], optic nerve sheath decom-
pression via lateral or medial orbitotomy in cases of
papilledema related to idiopathic intracranial hyperten-
sion [13], and two- or three-wall orbital decompression
[14, 15] and/or Olivari’s technique (orbital fat lipec-
tomy) in cases of Graves’ orbitopathy [16].

Based on various series in the literature, the majority
of orbital procedures can be carried out through an an-
terior incision with or without osseous orbitotomy (with
variations in the amount and location of bone removal
depending on the size and location of the orbital lesion;
Figs.�18.5 and 18.6).

In our personal experience, lateral orbitotomy is the
gold standard in the surgical treatment of benign orbital
diseases (benign orbital tumors, Graves’ orbitopathy,
papilledema related to intracranial hypertension, etc.)
and it is preferred for about 60% of orbital surgical
pathologies.

18.7.1 Lateral Orbitotomy

First described by Krönlein in 1889 [8], the lateral or-
bitotomy is nowadays the workhorse in the surgical
treatment of benign orbital diseases. This approach in-
volves the temporary mobilization of the lateral rim,
which can be either left pedicled to the fascia and tem-
poralis muscle, or completely removed. This versatile
surgical approach provides adequate access to the or-
bital region which is anatomically encased in the bony
framework and so quite difficult to visualize (due to the
narrow surgical field), and permits easy removal of the
overwhelming majority of orbital lesions (intra- or ex-
traconal, located in the superior, inferior or lateral com-
partment of the orbit).

The skin incisions selected for lateral orbitotomy de-
pend upon the surgeon’s personal experience. In most
cases we prefer an incision (lateral canthotomy) that
starts horizontally from the external canthus, proceeds
laterally for about 2–3�cm toward the ear and extends
down to the temporalis fascia. The external canthotomy
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Fig. 18.3 The anterior approaches to the orbit
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is then carried out for a short way through the conjunc-
tiva with scissors so that the lower and upper skin flaps
can be dissected. The ligament, together with the septum
orbitale, is freed from the lateral orbital margin and the
dissection is extended up to the superior and down to
the inferior orbital rims. At this point the periosteum can
be incised exposing the lateral margin of the orbit and
marking the site of the bone cuts. Before performing the
osteotomies, the temporalis muscle must be detached
and retracted posteriorly. Good esthetic results follow-
ing this incision (an almost invisible scar) depend on its
well-hidden drawing in a cutaneous fold [17, 18].

A less-common incision is the superolateral or “lazy
S” which starts from the lower tip of the eyebrow and
runs down along the lateral orbital rim to the zygomatic
arch, extending along the superior margin of the arch ap-
proximately 2–3�cm backwards [19]. The incision is
deepened and the subcuticular tissues are dissected to the
level of the temporal fascia, where they are then sepa-
rated by blunt dissection to minimize damage to critical
overlying tissues. This subcuticular dissection is carried
forward over the orbital margin. The next step involves
fascial and periosteal incisions that include a superior re-
laxing incision along the zygomatic arch allowing mo-
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Fig. 18.4 The orbital marginotomies: a superior, b medial, c lat-
eral, d inferior
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Fig. 18.5 Topographic surgery: anterior
orbit

Fig. 18.6 Topographic surgery: midapi-
cal orbit and optic canal
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bilization of the temporalis muscle. At this point the pe-
riosteum is elevated to the anterior orbital rim and pos-
teriorly the temporalis muscle is detached. The major
disadvantage of the superolateral incision is the promi-
nent scar created beneath the brow, which results in a
minimally shaded facial area. In conclusion, the supero-
lateral incision leaves more visible scarring than the for-
mer incision, although it provides a wider operating field.

An incision along the hairline in the temporal area
(coronal or hemicoronal) has been used for three-wall
decompression in Graves’ exophthalmos, to correct cran-
iofacial malformations in cases of craniofacial trauma or
malignancy, in cosmetic surgery of the face and some-
times for deeply located orbital tumors. In the coronal
approach the incision begins inferiorly in the preauricu-
lar crease for adequate exposure of the zygomatic arch.
The incision then proceeds superiorly above the root of
the helix to approximately 3 to 4�cm behind the hairline.
In male patients, the incision should be adapted to tem-
poral recession, and in children it should be traced well
away from the hairline to avoid migration of the scar
with growth. If a hemicoronal incision is planned, the
incision curves forward at the midline, while in the coro-
nal approach it proceeds in a symmetric fashion to the
contralateral temporal and preauricular region. 

The incision is made parallel to the hair follicles
through the galea into the loose areolar plane, leaving
the periosteum intact. As the incision proceeds laterally
and inferiorly, the depth is constant but the underlying
plane becomes the deep temporalis fascia. The flap is
then dissected inferiorly in the loose areolar plane with
special attention to proper elevation of the temporopari-
etal fascia laterally. A horizontal incision is made 2 to
3�cm above the orbital rim(s) so that a subperiosteal el-
evation over the superior orbital rim(s) can be accom-
plished. Medially, the supraorbital neurovascular bun-
dle(s) is (are) released from their respective notches,
allowing adequate reflection of the flap and further sub-
periosteal dissection of the entire nasoethmoid region
to expose the medial orbit(s). 

Prior to exposing the whole lateral orbital rim and
detaching the deep temporal fascia from its insertion
along the lateral posterior aspect, it is necessary to
enter the proper plane of dissection over the temporalis
muscle and zygomatic arch to avoid injury to the upper
divisions of the seventh nerve. For this purpose, an in-
cision is made approximately 0.5 to 2.0�cm above the
zygomatic arch, and so well inferior to the line of fu-
sion of the two layers of the deep temporalis fascia, the
superficial leaf and the inner leaf, that encase a curvi-
linear fat pad just superficial to the temporalis muscle,

the so called superficial temporal fat pad (the line of
fusion corresponds approximately to the level of the
superior orbital rim). This incision starts at the zygo-
matic root in an oblique direction at an angle of ap-
proximately 45° toward the lateral orbit through the su-
perficial layer of the deep temporal fascia into the
superficial temporal fat pad. Within this fat pad, the su-
perior aspect of the whole zygomatic arch can be ex-
posed, usually starting with dissection of the root of
the zygoma, allowing subperiosteal dissection and ex-
posure of the arch. Then dissection of the lateral orbital
rim continues in a subperiosteal fashion inferiorly be-
yond the frontozygomatic suture toward the malar
process, allowing at the same time the deep temporal
fascia to be detached from its insertion along the lateral
posterior aspect. At this point it is possible to connect
the arch and lateral orbital rim dissections with com-
plete exposure of the malar region and lateral orbital
rim. Using this safe surgical plane first described by
Yasargil et al. [20], it is possible to avoid injury to the
upper divisions of the seventh nerve. 

A coronal approach selected for a lateral orbitotomy
allows greater exposure, but it is a more aggressive pro-
cedure that should be limited to cases in which even a
postcanthotomy scar is to be avoided (for example, in
young girls) or in craniofacial resections when the lat-
eral access is performed in order to proceed with an en-
docranial step (for example, in optic meningiomas
which extend intracranially or to the optic canal, or
retrobulbar malignant tumors, etc.). In such cases, how-
ever, the lateral marginotomy is only a minor part of
the whole surgical procedure.

Considering mobilization of the lateral orbital wall,
the superior osteotomy is commonly performed 0.5–
1�cm above the frontozygomatic suture and slanted 45°
toward the orbital floor. The inferior osteotomy is de-
signed parallel to the orbital floor, where the frontozy-
gomatic process is attached to the zygoma itself. Mobi-
lization can be accomplished either by displacing the
segment externally (involving a vertical fracture along
the lateral orbital wall which extends between the two
mentioned horizontal osteotomies) or by lifting/detach-
ing the temporalis muscle and performing the vertical
osteotomy directly. For better access to the posterior or-
bital region, an ostectomy of the lateral orbital wall (cor-
responding to the greater wing of the sphenoid) can be
extended posteriorly and, in selected cases, it is possible
to expose the dura of the middle cranial fossa [9, 21]
(Figs.�18.7 and 18.8).

The original design of the osteoplastic lateral mar-
ginotomy as described by Krönlein was modified in a
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variety of different options mobilizing the lateral orbital
rim en bloc with adjacent bony segments such as the
body of the zygoma, the greater wing of the sphenoid
(as far as the pterion exposing the middle cranial fossa
dura), the supraorbital rim and orbital roof, and so on.
Furthermore, in craniofacial orbital approaches the lat-
eral marginotomy is almost always combined with
frontal, temporal and parietal bony segments to gain ac-
cess to orbital tumors with intracanalicular or intracra-
nial extension.

Lateral orbitotomy has also been performed in as-
sociation with medial conjunctival orbitotomy (medial
180° periectomy around the cornea) for the treatment
of intraconal medial tumors. Although intraconal me-
dial masses can be resected by microsurgical methods
without bony orbitotomy, a lateral marginotomy per-
mits lateral displacement of the globe and consequently
better access to the lesion [22].

18.7.2 Inferior Orbitotomy

For lesions located extraconally in the inferior orbit,
various approaches are available. A palpebral skin in-
cision is usually adopted, but authors disagree as to
where to place it: precisely just below the eyelashes or
along a cutaneous fold in the eyelid itself.

A subciliary (blepharoplasty) incision is probably
the best option from the aesthetic point of view. The
incision is placed approximately 2�mm below and par-
allel to the lower lid margin beginning medially at the
punctum and continuing laterally beyond the lateral
canthus in a skin crease. The incision is carried down
dividing the pretarsal fibers of the orbicularis muscle,
and then the dissection is accomplished under the mus-
cle to expose the septum. The junction between the
arcus marginalis and the septum is very useful for de-
termining the plane of entry either through the septum
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Fig. 18.7 This 45-year-old woman presented with a 2-year history of progressive proptosis, diplopia and upward displacement of
the left eye due to a large lesion located into the midapical inferolateral intraconal space (a). b A lateral orbitotomy was carried out
through a lateral canthotomy. c After superior, inferior and vertical osteotomies had been performed the whole lateral margin and
part of the lateral orbital wall were mobilized. d The periorbita was incised and the huge tumor was gently removed
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into the orbital space or subperiosteally into the floor
of the orbit. This access guarantees wide exposure of
the inferolateral orbit, but some authors consider un-
acceptable the potential morbidity (postoperative ec-
tropion and increased scleral show) caused by vertical
lid shortening secondary to fibrosis from the dissection
[23]. Other authors consider the subciliary incision
completely acceptable considering that a musculocu-
taneous flap would be harvested [24] (Fig.�18.9).

The inferior orbital rim incision is one possible al-
ternative. This incision has undoubtedly evolved from
its first description to avoid any lid complications, as
well as to provide the shortest route between skin and
bone. For these reasons, it is placed several millimeters
lower than the blepharoplasty incision at the inferior
orbital margin where a minor fold with the cheek indi-
cates the junction of the orbital and palpebral portions
of the orbicularis as well as the region where the orbital
septum extends upward from the periosteum of the rim.
Although this clearly appears to be an advantageous in-

cisional choice, it is no longer considered acceptable
because of the risk of an unsightly scar.

The conjunctival approach through the fornix was
originally proposed in 1923 by Bourquet (quoted by
Manson et al. [24]) and was popularized in the early
1970s by Tenzel, Tessier and Converse [9]. An inci-
sion placed in the fornix results in equal exposure of
the floor and rim when compared with the other infe-
rior orbital approaches. When combined with a lateral
canthotomy incision in the so-called swinging eyelid
incision, it provides wide exposure of both the infe-
rior orbit and the zygoma. Despite its early popularity
and wide use, an increasing number of reported com-
plications (ectropion, entropion, and tearing of the lid
margin), combined with the initial limited familiarity
with manipulation of inner lid tissues and lateral can-
thus, probably explain a more selective use of this in-
cision for fracture repair, malformation correction,
tumor removal, orbital decompression, and cosmetic
lid surgery. 
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Fig. 18.8 a, b The surgical field after resection of the tumor (a) which proved to be a cavernous hemangioma (b). c, d Comparison
of the patient’s preoperative (c) and postoperative (d) views shows an optimal aesthetic result (no scar detectable in the lateral canthal
area) associated with a complete functional recovery
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Many suggestions have been proposed to decrease
the potential complications from the conjunctival inci-
sion. The incision should be placed between the lower
border of the tarsus and the lowest point of the fornix.
If carried to/at a higher level, the necessary vertical dis-
section within the lid increases the risk of fibrosis and
ectropion; if carried to/at a lower level, injury to the in-
ferior oblique muscle is more likely and the dissection
must proceed through orbital fat. Considering the pre-
septal versus retroseptal approach, the identification of
the anterior fat capsule, which almost always protrudes
into the wound after transection of the inferior lid re-
tractors, allows an anterior dissection (preseptal) down
to the level of the rim preventing fat prolapse (which
may result in adhesions with the mucosal lining of the
lid and consequent vertical lid shortening) and provid-
ing better visualization. The conjunctival access has the
advantage of leaving no cutaneous scar, with the ex-
ception of cases in which a wider exposure (manipula-
tion of the zygoma or lateral orbit, placement of bone

plates, etc.) requires a lateral extension of the cantho-
tomy that leads to facial scarring.

The intraconal inferior compartment is better ap-
proached as previously seen with lateral orbitotomies.

In very selected cases we can employ, through the
same incisions, the inferior marginotomy that involves
the temporary removal of a segment of the inferior or-
bital rim. This bony fragment is delimited by two dis-
tinct osteotomies: one extends laterally from the infero-
lateral corner of the orbital frame, the second is traced
medial to the infraorbital neurovascular bundle. In the
original description of Tessier et al. [25], the lateral os-
teotomy is inclined medially 30° and extends to the in-
ferior orbital fissure, so that the segment also includes a
considerable area of the orbital floor. The horizontal os-
teotomy is conducted on the anterior wall of the maxilla
at the level of the infraorbital foramen, thus permitting
the complete dissection/freeing of the corresponding
neurovascular bundle. This access is particularly suitable
for orbital floor fractures with herniation of the orbital
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Fig. 18.9 This 25-year-old woman presented with a firm, slightly tender mass that had been present for some months. a It appeared
to be located inferolaterally and projected just over the orbital rim. b Through a subciliary incision placed 2�mm below the ciliary
margin blunt dissection under the orbicularis muscle exposed the septum. c The septum was opened to enter the orbital space and fi-
nally to resect the tumor, which proved to be a cavernous hemangioma. d, e Preoperative (d) and postoperative (e) frontal views.
Note in the latter the good aesthetic result with favorable healing of the subciliary scar

a b

d e

c



contents into the maxillary sinus and for resection of ex-
traconal lesions very deeply located in the inferior orbit.

18.7.3 Superior Orbitotomy

Lesions located extraconally just below the orbital roof
can be approached in most instances by an upper eyelid
crease, a sub-brow/brow or a coronal incision.

The superior eyelid crease (blepharoplasty) incision
is placed in a naturally developing, age-independent skin
fold and offers the best aesthetic result among all the su-
perior orbital approaches. A skin-muscle flap may be de-
veloped superiorly, medially, and laterally (with an inci-
sional extension following the natural skin fold and
curving upward) in a plane deep to the orbicularis muscle
and can be raised close to the brow. At this point the pe-
riosteum can be divided over the rim for bony exposure
and dissection can proceed for access to the deeper su-
perior orbital spaces. The lid crease approach decreases

many of the risks associated with more peripherally
placed incisions. Despite wide undermining and raising
of the flap, the vascularity of its orbicularis muscle com-
ponent ensures skin viability and optimal healing.

Through the upper lid crease incision the whole su-
perior orbit can be approached and, if necessary, this
access can be extended laterally onto the zygoma for
more peripheral aspects. The resulting scar is usually
undetectable [7] (Fig.�18.10).

The use of incisions placed over the superior (medial
brow) and lateral (lateral brow) orbital rims was first
described in fracture repairs. The advantages of these
incisions are the speed of execution and the acceptable
exposure of the underlying bony anatomy due to the
anatomical proximity. Possible disadvantages of these
approaches are a poor-quality scar and eyebrow hair
loss (due to transection of hair follicles if the incision
is not directed completely parallel to the emerging
hairs). The risk of supraorbital nerve injury can be re-
duced by limiting the length of the incision (with con-
sequently more limited access) and by performing a
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Fig. 18.10 This 12-year-old girl had a history of facial trauma 6 months previously and presented with swelling, ptosis, diplopia
and slight tenderness of her upper left eyelid associated with a downward displacement of the globe and progressive limitation of
upward gaze, caused by a subperiosteal organized hematoma involving the superior orbit (a). b Through a direct lid crease incision
the mass was easily resected. c, d The patient’s preoperative (c) and postoperative (d) views show an optimal aesthetic result which
was associated with a complete functional recovery

a b

c d



blunt dissection carried down through the orbicularis
muscle and periosteum [7].

The superior rim can be mobilized alone or en bloc
with a segment of the orbital roof depending on the in-
dication. In the great majority of patients, the superior
marginectomy is limited to the superior rim and so the
procedure remains totally extracranial often involving
the frontal sinus. Based on high-resolution CT scans,
an osteotomy adequate in depth and inclination can be
traced avoiding intracranial extension. The temporary
mobilization of the superior orbital rim allows easier
and safer dissection of the orbital roof. This procedure
is indicated for fractures of the orbital roof or in the
presence of deeply located extraconal tumors. For su-
periorly located intraconal tumors lateral orbitotomy
provides a more reliable approach.

A superior orbitotomy limited to the orbital rim can
be performed through a skin incision placed along the
eyebrow or better in the superior lid crease as described
above. When a segment of the orbital roof is removed

along with the rim, the approach is either intra- and ex-
tracranial. The supraorbital frame can be mobilized
alone or attached to the frontal bone. The lifted fronto-
orbital fragment provides adequate access to the orbital
region as well as to the anterior cranial base, with wide
exposure and without significant retraction of the brain.
This procedure can be selected for the treatment of optic
nerve meningiomas located intracranially as well as ex-
tracranially, orbitopalpebral neurofibromatosis, benign
or malignant tumors and dysplasias of the anterior cra-
nial base. Soft tissue access is through a coronal or
hemicoronal incision, because this approach not only
provides wide exposure but also offers the advantage of
leaving an unnoticeable scar hidden in the hairline [9].

18.7.4 Medial Orbitotomy

Lesions of the medial orbit can be divided into those
located extraconally or intraconally. The former are
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Fig. 18.11 A 50-year-old woman presented with only mild proptosis of the left eye, caused by a deeply located extraconal cavernous
hemangioma, occupying the medial apical orbit (a). b The lesion was approached via a simple Lynch incision with medial canthal
detachment, through which an adequate surgical field was obtained; note in the intraoperative view the tumor lying in the far end of
the operating field. c, d The patient’s preoperative (c) and postoperative (d) frontal view; note in the latter the optimal aesthetic
result with favorable healing of the epicanthal scar

a b

c d



best approached through a coronal, a Lynch (combined
with temporary detachment of the medial canthal ten-
don), a limited subciliary or a superior eyelid crease
(medial crease) incision.

The intraconal medial compartment can be managed
through a conjunctival incision (transcaruncular; me-
dial 180° periectomy around the cornea) alone or com-
bined with a lateral orbitotomy with bone removal.

The Lynch incision, a nearly vertical incision placed
medial to the canthal ligament, provides excellent ex-
posure of the medial orbit [26]. It is useful for access to
extraconal medially located orbital tumors, for repair of
medial wall fractures, for decompression of the optic
canal, and for treatment of ethmoidal sinus disease. The
inferior portion of the incision may also be used as the
approach for a dacrocystorhinostomy. Section of the
medial canthal tendon provides a wider surgical field
and a safer removal of more deeply located masses

(Fig.�18.11), in particular concerning control of possible
hemorrhage from the anterior and posterior ethmoidal
arteries. Obviously at the end of the procedure, the com-
mon tendon of the medial canthus has to be reattached
to the medial wall with a direct suture or more fre-
quently with a transnasal canthopexy as described by
Markowitz et al. [27]. The Lynch incision results in a
minimally noticeable scar because of its prominent lo-
cation in the midface and because it crosses relaxed skin
tension lines that normally run superomedially from the
medial canthus to the glabella. Modifications of the
original incision design, including Z- and W-plasty,
have been suggested to reduce the scar.

The transcaruncular approach, first described by
Garcia et al. in 1998 [28] for the repair of medial or-
bital fractures, consists of a 10 to 15-mm vertical inci-
sion through the caruncle and conjunctiva into the con-
densed fibrous tissue just deep to the caruncle,
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Fig. 18.12 A 45-year-old man presented with mild proptosis and slight limitation of adduction of the left eye associated with the
presence of a medially located enhancing mass occupying the mid intraconal orbital space (a). b, c Through a medial conjunctival
incision (180° periectomy) and with detachment of the medial rectus muscle (b), the tumor was removed uneventfully (c) and it
proved to be a cavernous hemangioma. d The postoperative frontal view shows a good aesthetic result associated with complete
functional recovery

a b

c d



avoiding any trauma to the plica semilunaris. An im-
portant landmark in the technique is the posterior
lacrimal crest. In fact, placing a malleable retractor on
the medial orbital wall just posterior to the crest dis-
closes the proposed plane of dissection between the
medial part of the orbital septum and Horner’s muscle
(which inserts at the posterior lacrimal crest) so that
the muscle delineates a safe and bloodless plane from
the lacrimal sac apparatus. The incision is a relatively
new technique that has several advantages over tradi-
tional medial approaches: the incision is hidden in the
conjunctiva and provides excellent access to the me-
dial orbit, but it does not permit the same access as the
cutaneous incisions.

Through the medial 180° periectomy, combined
with conjunctival relaxing incisions traced superiorly
and inferiorly to the medial rectus muscle, it is possible

to dissect and free the muscle from its inner septa, to
imbricate it near its insertion site with a 6-0 double-arm
Vicryl suture at both borders, and finally to sever it
from the insertion site. Once the medial rectus muscle
is detached, it is possible to dissect more deeply into
the medial intraconal compartment and finally to gently
remove masses and eventually perform cryoprobe-as-
sisted procedures (Fig.�18.12). As first described by
McCord, if additional exposure is required, a lateral or-
bitotomy may be carried out so that the globe can be
retracted even further laterally for excellent visualiza-
tion [22] (Figs.�18.13 and 18.14).

The use of the medial half of a standard upper lid
crease incision has been described for both removal of
superomedial orbital masses and anterior medial orbital
wall fracture repair. The stretching of the lid skin and
underlying orbicularis muscle permits adequate access
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Fig. 18.13 An 35-year-old man presented with significant diplopia, proptosis, and slight limitation of adduction of the left eye as-
sociated with the presence of an enhancing mass located in the medial midapical intraconal space (a). The lesion was approached
via a combined medial conjunctival incision (with detachment of the medial rectus muscle) and a lateral orbitotomy (through a can-
thotomic incision) to allow distraction of the globe laterally and access to the deep orbital space (b) and uneventful removal of the
cavernous hemangioma (c), using the technique first proposed by McCord et al. (d)

a b

c d
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Fig. 18.14 Same patient as in Fig.�18.13. Comparison of the preoperative (a) and 4-year postoperative (b) frontal views show an
extremely satisfying aesthetic result associated with a complete functional recovery of ocular movement (c, d)

Fig. 18.15 A 25-year-old woman presented with mild proptosis of the left eye, caused by a lesion located in the medial extraconal
midapical orbit and arising from the ethmoid (a). The tumor was approached through a coronal incision and a higher located medial
marginotomy. Due to hypoplasia of the frontal sinus the dura mater of the frontal lobe was exposed and the osseous lesion was cored
with a drill and removed piecemeal (b). After resection of the osteoma, the medial orbital wall was reconstructed with a split thickness
calvarial graft (c). At 1-year the patient shows excellent aesthetic and functional results (d)

a b

c d

a b

c d



to the medial orbital wall. The trochlea and the superior
oblique tendon can be temporarily detached from the
orbital wall with limited secondary functional impair-
ment. This approach results in a less-detectable scar
than the Lynch incision, but provides narrower access
to deep areas.

The temporary removal of the medial orbital rim in
the treatment of posttraumatic sequelae was proposed
by Sullivan and Kawamoto in 1989 [9]. In the original
technique a bone segment extending from the fron-
tomaxillary apophysis anteriorly to the lacrimal bone

posteriorly can be mobilized. Medial marginotomy is
mainly selected in cases of either early or delayed
posttraumatic deformities of the medial orbital wall,
especially in fractures close to the optic foramen. This
osteotomy also provides an excellent approach for the
excision of benign tumors of the ethmoidal sinuses
(osteomas, etc; Fig.�18.15). As a final note on medial
marginotomy, the transnasal medial canthopexy can
be avoided at the end of the procedure leaving the can-
thus attached to the bone during osseous segment mo-
bilization.
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Fig. 18.16 This 18-year-old women presented with a severe right exophthalmos caused by the growth of the intraorbital part of a
huge glioma (a). A frontotemporozygomatic approach was adopted to gain better control of the inferolateral orbit and the optic canal.
b The three bone segments removed. c, d Intraoperative views: c the tumor was carefully freed from intraorbital structures (the
lateral rectus muscle was displaced with a silk filament); d the huge glioma was completely isolated before its resection including
the intracanalicular part of the optic nerve 

a b

c d
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18.7.5 Craniofacial Approaches

As already stressed, the approach directed through the
lateral orbital wall is selected for tumors located in the
superior, temporal, or inferior compartment of the orbit
and those in the lateral part of the apex; on the other
hand the medial approach is used for tumors located
medial to the optic nerve but not deep in the apex. The
limitations of the approaches mentioned above forced
the development of craniofacial techniques that have
allowed significant advances in access to the orbit and
anterior cranial fossa. Dandy was the first to report a
transcranial approach to the orbit in 1922 [29], and this
was followed by various other reports. The transcranial
approach is commonly selected for orbital tumors with
intracranial extension, for tumors located medially in-
traconal in the orbital apex, optic canal, or both areas,
and for intracranial tumors with extension into the orbit. 

The transcranial surgical approaches to the orbit
may be arbitrarily divided into two types: the first in-
volves removal of a frontal or frontotemporal bone flap

with preservation of the supraorbital rim, as initially
recommended by Dandy; the second approach involves
removal of the supraorbital rim with the bone flap. Al-
though first proposed early in the 20th century by
McArthur and Frazier for pituitary surgery, the standard
frontoorbital craniotomy was popularized and standard-
ized by Jane and associates who modified the original
technique to include the orbital roof and the zygomatic
process of the frontal bone down to the frontozygo-
matic suture [30]. When a more complete exposure of
the lateral and inferior orbit, as well as the middle cra-
nial fossa, is required, almost the entire zygoma can be
removed along with the frontal craniotomy moving the
lateral osteotomy at the level of the zygomatic arch. Fi-
nally, extensive exposure of the anterior and middle
cranial fossae can be achieved using an orbitozygo-
matic craniotomy as proposed by Sekhar and others
[30]. For such applications the procedure is best per-
formed as a two-part craniotomy, the first being a stan-
dard frontotemporal craniotomy followed by an or-
bitozygomatic osteotomy (Figs.�18.16 and 18.17). 

Fig. 18.17 Same patient as in Fig.�18.16. a Orbital bony reconstruction with split thickness calvarial grafts. b Radiological view of
the radical removal of the glioma with preservation of the globe. c, d The preoperative (c) and postoperative (d) frontal views show
a satisfying final clinical result at 1�year
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Bifrontoorbital craniotomy consists of extending the
frontal craniotomy to the opposite side. This allows ex-
tensive access to the anterior cranial fossa, while giving
additional access to the orbit on one side. Concerning
the bifrontal-bizygomatic craniotomy, this complex bi-
lateral approach is almost exclusively reserved for the
correction of craniofacial anomalies with craniosynos-
tosis such as Cruzon and Apert syndromes. All these
craniofacial approaches to the orbit are accomplished
through coronal or hemicoronal incisions.

18.8 “Special” Surgical Approaches

In addition the main surgical approaches discussed
above, some specific orbital diseases require treatment
using, or represent indications for, specific surgical
techniques which are briefly described below.

18.8.1 Optic Canal Decompression
in Posttraumatic Optic Neuropathy

Despite considerable controversy persisting about the
management of trauma to the nerve in the optic canal,
mainly because no controlled data to guide decision
making are available to date, anecdotal series suggest
possible benefit from megadose corticosteroid treat-
ment (based on data from studies of spinal cord injury)
and surgical canal decompression. In patients not re-
sponding to megasteroid therapy, a swollen optic nerve
within the bony canal should be decompressed to im-
prove the possibility of recovering visual function. The
transethmoidal–sphenoidal route via a Lynch incision
allows an almost direct view of the optic canal, using
the bony landmarks of the posterior orbit to gain access
to the region of the optic nerve [11, 12]. Today in ex-
perienced hands this procedure can also be performed
via an endoscopic route.

18.8.2 Optic Nerve Sheath Decompression
in Pseudotumor Cerebri

Pseudotumor cerebri is a condition characterized by
the following features: increased intracranial pressure
without evidence of an intracranial space-occupying
lesion or enlargement of the ventricles; normal CSF

cytology and chemistry (except for a low protein
level); headache, blurring of vision, transient loss of
vision, diplopia, and swollen optic discs in an other-
wise healthy patient; and normal mental status. The
major complication of this disorder is visual loss,
which occurs in 10–26% of patients and is due to dam-
age to the nerve fibers at the optic disc caused by pa-
pilledema. In patients with loss of vision related to
pseudotumor cerebri, optic nerve sheath fenestration
is an effective route to prompt recovery of vision. As
first described by Tse et al. [13], through a lateral or-
bitotomy approach and using an operating microscope,
a rectangular window of dura and arachnoid (measur-
ing approximately 3×5�mm) can be excised from the
bulbous portion of the optic nerve to obtain prompt re-
lease of CSF.

An alternative approach is the medial one that in-
volves a conjunctival incision, detachment of the rectus
muscle and removal of a window of dura from the me-
dial side of the bulbar portion of the optic nerve.

18.8.3 Orbital Wall Decompression
in Graves’ Ophthalmopathy

Graves’ disease is a multisystem disorder of unknown
etiology characterized by the clinical triad of infiltra-
tive pretibial dermopathy, thyroid glandular hyperpla-
sia, and ophthalmopathy. Expansion of the bony orbital
volume is an effective method of treating moderate to
severe exophthalmos. In general, the indications for
surgical expansion of the orbit are to relieve exoph-
thalmos (which is accompanied by corneal exposure
and disfigurement), or to reduce the increased orbital
pressure produced by the swelling of extraocular mus-
cles which results in compressive neuropathy and vi-
sual loss.

Several techniques have been proposed over the
years reflecting individual surgical specialties [15]:
1. Lateral orbital decompression.
2. Antral-ethmoidal decompression (via the translid,

fornix or transantral approach).
3. “Three-wall decompression”, in which lateral wall

decompression is added to antral–ethmoidal decom-
pression.

4. Kennerdell-Maroon “four-wall decompression”, in
which the lateral wall portion of three-wall decom-
pression is extended to a large portion of the sphe-
noid bone in the apex of the orbit and to the lateral
half of the orbital roof.
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Among these surgical procedures, the most com-
monly performed is “two- to three-wall decompres-
sion” which is eventually combined with a valgus ro-
tation lateral displacement of the zygoma to gain more
space, usually performed through a swinging eyelid or
a coronal approach [14]. Finally, removal of intraconal
fat through a radial incision in the periorbita further de-
compresses the orbital contents.

18.8.4 Transpalpebral Decompression
of Graves’ Ophthalmopathy
(Olivari’s Technique)

This surgical technique is an alternative to previous de-
scribed orbital decompression procedures in patients
with minor to mild Graves’ proptosis. Decompression
is obtained by removing intraorbital fat through a
transpalpebral incision. The average volume of fat that
can be resected is 6�cm3 per orbit. Usually only one
orbit is decompressed at a time [16].

18.9 Complications

In general, the potential complications of orbital sur-
gery are classified into four main types [3]: hemor-
rhage, infection, emphysema, and CSF rhinorrhea.

Hemorrhage

Hemorrhage can occur at any time following orbital sur-
gery, early (related to inadequate intraoperative control
of bleeding vessels) or late (usually 4 to 6�days after sur-
gery, due to local factors influencing hemostasis and clot
formation with secondary hematoma). It is identified by
cardinal symptoms of pain, tense proptosis, ecchymosis,
decreased vision and/or afferent pupillary defect. Im-
mediate assessment of optic nerve function is imperative
and immediate decompression of the orbit is indicated,

which is accomplished by wound opening, lateral can-
thotomy, and even reoperation and bony decompression.

Infection

Postoperative infection is unusual in well-vascularized
tissues of the orbit even in cases which have involved
direct exposure of the sinuses or abscess drainage, with
the only exception being foreign bodies. Acute postop-
erative infection is characterized by clinical local symp-
toms (pain, redness, and swelling) eventually associ-
ated with purulent drainage from the wound or through
the sinuses, and systemic symptoms. Broad-spectrum
antibiotics should be instituted immediately, with revi-
sion in the regimen guided by culture results. In case
of acute onset of severe intraorbital swelling with rapid
deterioration of vision or visual acuity, emergency sur-
gical procedures such as cantholysis and/or canthotomy
should be performed as soon as possible to decompress
the nerve.

Emphysema

Orbital emphysema can occur after nose blowing or
sneezing when a direct connection with the paranasal
sinuses has been surgically created. A severe increase
in orbital pressure may compromise the neurovascular
structures and require urgent decompression, but usu-
ally the problem resolves spontaneously with a simple
wait and see monitoring of visual function.

CSF rhinorrhea

If possible, a CSF leak is best controlled at the time of
surgery. If a CSF leak develops postoperatively or an
intraoperative leak is poorly controlled, the patient will
develop a standard CSF rhinorrhea and has to be treated
with the standard protocol which includes a lumbar
drain, head elevation, and immobilization. If control
from below is not possible, open craniotomy may be
necessary to close the dural defect.
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19.1 Anatomy

The anatomical structures that should be taken into con-
sideration when referring to the transoral approaches
are: the clivus, the foramen magnum, the occipital
bone, the atlas, the axis and the joints between some of
these structures [1, 2].

19.1.1 Clivus

Embryologically, the clivus consists of two bones: the
sphenoid bone and the occipital bone, both of which
extend from the foramen magnum to the sphenoid
sinus. The clivus is wedge-shaped (38–42�mm long) as
it is about 25�mm thick at its rostral end and 3�mm at
the foramen magnum. In adults, it is 22 to 26�mm wide
and it represents a surgically “safe” area between the
carotid arteries rostrally and, caudally, the vertebral ar-
teries along with the lower cranial nerves. The oval-
shaped foramen magnum, the atlas and the axis consti-
tute the craniocervical junction (Fig.�19.1).

19.1.2 Foramen Magnum

The foramen magnum is the wide aperture between the
squamous and the basilar parts of the occipital bone. At

the sides of the foramen magnum are the condylar
parts. The occipital bone, the atlas and the axis are the
structures that need to be considered in planning an ap-
proach to the foramen magnum.
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19.1.3 Occipital bone

The occipital bone is an unpaired, median and symmet-
rical bone situated at the back and lower part of the cra-
nium. It is involved in shaping the basis and the cranial
vault. It articulates with the first cervical vertebra. In
its lower part is a wide hole (foramen magnum) through
which the bulb passes to become the spinal cord.

The portion in front of the foramen magnum is the
body or basilar part (the clival part). The portion situ-
ated behind the hole is called the squama which resem-
bles a concave leaf in form. A condylar part connects
the squamosal and clival parts.

The basilar part articulates forward with the sphe-
noid and, at about the 15th year of age, it merges with
it by synostosis. At the center of its external or extracra-
nial surface is a small protuberance called the pharyn-
geal tubercle (tuberculum pharyngeum) which is the
point of attachment of the superior end of the pharynx.
On the intracranial surface is a sagittal shallow depres-
sion called the clivus against which the pons varolii and
a portion of the medulla oblongata lean. The clivus is a
thick quadrangular plate of bone that extends forward
and upward at an angle of about 45° from the foramen
magnum. It joins the sphenoid bone at the sphenoccip-
ital synchondrosis just below the dorsum sellae. The
superior surface of the clivus is concave from side to
side and is separated on each side from the petrous part
of the temporal bone by the petroclival fissure. On the
upper surface of this fissure is the inferior petrosal sinus
and the fissure ends posteriorly at the jugular foramen

At the sides of the foramen magnum, the external or
extracranial portion of the condylar parts exhibit a
smooth sole-shaped surface called the occipital condyle
which articulates with the first cervical vertebra or
atlas. In front of the condyle is a hole (the anterior
condylar foramen). This is the external foramen of a
short canal, the hypoglossal canal which is a “passage-
way” for the hypoglossal nerve exiting the skull. The
internal condylar foramen, through which the hy-
poglossal canal is reached, is situated in the intracranial
portion. Behind the condyle is another hole called the
condylar foramen or canal into which an effluent vein
runs connecting the vertebral venous plexus with the
sigmoid sinus. Laterally the condylar parts contribute
to delimiting the jugular foramen (or posterior foramen
lacerum) with the jugular process.

The jugular foramen is situated lateral and slightly
superior to the anterior half of the condyles. It is bor-
dered posteriorly by the jugular process of the occipital
bone, and anteriorly and superiorly by the jugular fossa

of the petrous portion of the temporal bone. The fora-
men sits at the posterior end of the petroclival suture.
The jugular foramen is divided into two parts by the
intrajugular processes on the opposing edges of the
petrous and occipital bones, which either join directly
or are connected by a fibrous band. The smaller an-
teromedial part, the petrous part, transmits the inferior
petrosal sinus, and the larger posterolateral part, the
sigmoid part, transmits the sigmoid sinus. The intra-
jugular part, situated along the intrajugular processes,
transmits the glossopharyngeal, vagus, and accessory
nerves. The enlarged part of the internal jugular vein
located within the foramen is referred to as the jugular
bulb. The jugular process also serves as the site of at-
tachment of the rectus capitis lateralis muscle behind
the jugular foramen.

The squama of the occipital bone, situated behind
the occipital foramen, as mentioned above, has an ex-
ternal and an internal surface. The external surface,
convex and almost irregular, exhibits on the median
line a protuberance called the external occipital protu-
berance, which is more or less prominent. Two parallel
ridges radiate laterally from the protuberance: the high-
est and upper nuchal lines. A vertical ridge, the external
occipital crest, descends from the external occipital pro-
tuberance to the midpoint of the posterior margin of the
foramen magnum. The inferior nuchal lines run later-
ally from the midpoint of the crest. The area between
the upper and inferior nuchal lines and the area imme-
diately below, are wrinkled and irregular and function
as the insertion point for several muscles.

The internal or intracranial surface of the squamous
part is concave and has a prominence, the internal oc-
cipital protuberance, near its center. The internal sur-
face is divided into four unequal fossae by the sulcus
of the superior sagittal sinus that extends upward from
the protuberance, by the internal occipital crest, a
prominent ridge that descends from the protuberance,
and by the paired sulci for the transverse sinuses that
extend laterally from the protuberance. The upper two
fossae are adapted to the poles of the occipital lobes.
The inferior two fossae conform to the contours of the
cerebellar hemispheres. The internal occipital crest bi-
furcates above the foramen magnum to form paired
lower limbs, which extend along each side of the pos-
terior margin of the foramen. A depression between the
lower limbs, the vermian fossa, is occupied by the in-
ferior part of the vermis. The falx cerebelli is attached
along the internal occipital crest.

The superior edge of the squama is jagged. The mas-
toid process articulates its inferior and lateral parts,
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while the parietal bone articulates its superior part. The
suture between the occipital squama and the parietal
bones is called the lambdoid suture.

The inferior occipital margin constitutes the postero-
medial contour of the jugular foramen or posterior fora-
men lacerum.

19.1.4 Atlas

The first cervical vertebra, called the atlas, as it sup-
ports the head articulating with the occipital bone. It
differs from the other cervical vertebrae in that it has
no real vertebral body. It comprises two lateral masses
dorsally and ventrally linked together by two arch-
shaped laminae respectively constituting the posterior
arch and the anterior arch. The two arches and two lat-
eral masses encircle the vertebral foramen.

The anterior arch exhibits at its center on its lower
convex surface, a tubercle (anterior tubercle). On the
opposite concave face, in front of the vertebral fora-
men, is an articular facet which articulates with the dens
of the axis. The posterior arch is convex backward and
has a median posterior tubercle and a groove on the lat-
eral part of its upper-outer surface in which the verte-
bral artery courses.

Each lateral mass has a superior articular process
articulating with the occipital bone condyle with an el-
liptical facet, an inferior articular process articulating
with the articular process of the axis, a transverse
process with a wide foramen transversarium, and only
one tubercle or two slightly prominent ones at its edge.
The vertebral foramen can be divided into two parts:
an anterior quadrangular part and a posterior half-el-
liptical part. These two portions are split by the trans-
verse ligament in the skeleton covered with soft tissue.
The first portion houses the dens of the axis; the sec-
ond houses the spinal cord and its sheaths. Only the
latter corresponds to the vertebral foramen of other
vertebrae.

19.1.5 Axis

The second cervical vertebra does not differ anatomi-
cally from vertebrae in general and from the cervical
vertebrae in particular, as the first vertebra does. It ex-
hibits, in fact, all the constituent elements of the verte-
brae below: a body, a vertebral foramen, a spinous

process, two transverse processes, two articular
processes, two laminae and two peduncles. The body
of the axis is transversally stretched with a flat posterior
part and a prominent anterior part. Its unique feature is
that it has on its superior face a vertical prominence
called the odontoid process or dens. Actually the dens
is the vertebral body of the atlas, detached from it and
fused to the axis forming a cylindrical pivot on which
the atlas and the upper cranium can rotate. It is 12 to
15�mm high and about 1�cm wide.

From the bottom upwards the vertebra shows: (1) an
enlarged portion or base connecting it with the body of
the axis; (2) a narrow portion or neck very slightly
prominent; (3) a body corresponding to the median por-
tion that has a flattened side where the alar ligaments
are attached; and (4) an apex, more or less wrinkled,
where numerous ligaments from the occipital bone are
attached.

Considering it as a whole, it is possible to detect two
faces, anterior and posterior, each of which shows an
articular facet: the anterior facet, oval in shape, a little
higher than wide, slightly transversally convex and cor-
responding to the anterior arch of the atlas; and the pos-
terior facet, structurally similar to the anterior facet,
running in vivo on the transverse ligament and grooved
at the base of its posterior surface where the transverse
ligament of the atlas passes.

The body of the axis exhibits an inferior lip-shaped
extension, passing on the anterosuperior border of the
third cervical vertebra. Its anterior surface shows, at the
level of the median line, a ridge split with small hollows
that allow the long muscles of the neck to flow. The
posteroinferior border of the vertebral body is less
prominent and the tectorial membrane and the posterior
longitudinal spinal ligament are stuck to it. The pedun-
cles and the laminae are strong and the latter end in a
squat bifid spinous process. The vertebral foramen of
the axis is sometimes smaller than that of the atlas.

The dens and the body are flanked by a pair of large
oval facets that extend laterally from the body onto the
adjoining parts of the pedicles and articulate with the
inferior facets of the atlas. The superior facets do not
form an articular pillar with the inferior facets, but are
anterior to the latter.

The transverse processes of the axis are small. Their
blunt tips show a single tubercle, the anterior tubercle,
situated at or near the junction of the anterior root of
the transverse process and the body. Their transverse
foramina are superolaterally skewed in order to provide
arteries and vertebral nerves with an easier passage into
the wider transverse foramina of the atlas. The inferior
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articular facets are situated at the junction of the pedi-
cles and laminae, and face downward and forward. The
spade-shaped vertebral foramen is relatively large.

19.1.6 Atlantoaxial Joints

The articulation of the atlas and axis comprises four
synovial joints: two median ones on the front and back
of the dens, and paired lateral ones between the oppos-
ing articular facets on the lateral masses of the atlas and
axis (Fig.�19.2). Each of the median joints situated on
the front and back of the dens has its own fibrous cap-
sule and synovial cavity. The atlas and axis are united
by the cruciform ligament, the anterior and posterior
longitudinal ligaments, and the articular capsules sur-
rounding the joints between the opposing articular
facets on the lateral masses. The cruciform ligament
has transverse and vertical parts that form a cross be-
hind the dens. The transverse part, called the transverse
ligament, is a thick strong band that arches across the
ring of the atlas behind the dens and divides the verte-
bral canal into a larger posterior compartment contain-
ing the dura and the spinal cord and a smaller anterior
compartment containing the odontoid process.

In front, the atlas and axis are connected by the an-
terior longitudinal ligament, which is a wide band
fixed above to the lower border of the anterior arch of
the atlas and below to the front of the body of the axis.
The posterior longitudinal ligament is attached below
to the posterior surface of the body of the axis, and
above to the transverse part of the cruciform ligament
and the clivus. Posterior to the spinal canal, the atlas
and axis are joined by a broad, thin membrane in series
with the ligamentum flavum that is attached above to
the lower border of the posterior arch of the atlas, and
below to the upper edges of the laminae of the axis.
This membrane is pierced laterally by the second cer-
vical nerve.

19.1.7 Atlantooccipital Joints

The atlas and the occipital bone are united by the artic-
ular capsules surrounding the atlantooccipital joints and
by the anterior and posterior atlantooccipital mem-
branes. The anterior atlantooccipital membrane is at-
tached superiorly to the anterior edge of the foramen
magnum, inferiorly to the superior edge of the anterior
arch of the atlas, and laterally to the capsule of the at-
lantooccipital joints.

The posterior atlantooccipital membrane is a thin
sheet connected above to the posterior margin of the
foramen magnum and below to the upper border of the
posterior arch of the atlas. The lateral border of the
membrane is free and arches behind the vertebral artery
and the first cervical nerve root.

19.1.8 Axis and Occipital Bone

Four fibrous bands, the tectorial membrane, the paired
alar ligaments, and the apical ligament, connect the axis
and the occipital bone. The tectorial membrane is a
cephalic extension of the posterior longitudinal liga-
ment that covers the dens and cruciform ligament. It is
attached below to the posterior surface of the body of
the axis, above to the upper surface of the occipital
bone in front of the foramen magnum, and laterally to
the medial sides of the atlantooccipital joints. The alar
ligaments are two strong bands that arise on each side
of the upper part of the dens and extend obliquely su-
perolaterally to attach to the medial surfaces of the oc-
cipital condyles. The apical ligament of the odontoid
process extends from the tip of the dens to the anterior

284                                                                                                                                                                                                 F.S. De Ponte and E. Belli

Fig. 19.2 Upper cervical spine joints and ligaments



margin of the foramen magnum and is situated between
the anterior atlantooccipital membrane and the superior
prolongation of the cruciform ligament.

19.2 Pathology

A huge variety of lesions involve this area including
congenital anomalies, traumas, benign and malignant
tumors, inflammatory conditions and those of uncertain
etiology. They have in common the production of
medullary compression or spinal instability [3].

19.2.1 Congenital

Congenital anomalies include basilar impression, odon-
toid malformations and a group of cranial anomalies of
the posterior basicranium. They all compress the brain-
stem and the superior spinal cord. Basilar impression,
even though not frequent, is one of the most usual in-
dications for odontectomy. Sometimes it may be nec-
essary to perform a craniectomy to allow proper de-
compression of the brainstem. Basilar impression is the
“upward compression” or the introflexion of the occip-
ital bone usually convex by the superior cervical tract.
This implies involvement of the odontoid process in the
surface of the brainstem, as well as introflexion of the
occipital bone, adding further compression to this struc-
ture. Such lesions can be either congenital and ac-
quired:
• Hajdu-Cheney syndrome or acroosteolysis com-

bined with dolichocephaly, an unusual protuberance
of the squamous part of the occipital bone (bathro-
cephaly) and progressive basilar invagination with
specific anomalous facies and anomalies of the ex-
tremities, including osteolysis of the terminal pha-
langes.

• The cloverleaf brain or Klieblättschadel is another
rare genetic syndrome, in which thanatophoric
dwarfism and multiple anomalies of the extremities
are combined with a trilobate cranium. Such calvar-
ial anomalies, with bony protuberances at the same
level as the floor of the posterior cranial fossa
markedly reduced in height, are associated with
basilar impression.

• Sjögren-Larsson syndrome.
• Pyknodysostosis.
• Achondroplastic dwarfism exhibits associated cranial

anomalies, one of which may be basilar impression.

The acquired disorders of the cranial bones, such as
osteomalacia, osteogenesis imperfecta, cretinism and
rachitism, cause bony impairment. This produces a bony
malleability that can lead to a progressive occipital in-
troflexion.

The odontoid congenital anomalies are associated
with a number of disorders, including Morquio syn-
drome (IVB type mucopolysaccharidosis), Aarskog syn-
drome, Dyggve-Melchior-Clausen syndrome, pseudoa-
chondroplasia, cartilage-hair hypoplasia, congenital
spondyloepiphyseal dysplasia and spondylometaphyseal
dysplasia.

Morquio syndrome exhibits multiple spinal anom-
alies, including severe kyphoscoliosis and shortened
cervical vertebrae. The odontoid can be hypoplastic,
lacking or anomalous, and causes a superior medullary
compression. In Aarskog syndrome (faciodigitogenital
syndrome), the posterior arch may be open and placed
in an upper position together with the odontoid into the
foramen magnum during cranial extension. Dyggve-
Melchior-Clausen syndrome is also associated with
dwarfism. There is instability of the atlantoaxial junc-
tion that can lead to medullary compression.

19.2.2 Traumatic

The traumatic lesion most frequently needing this kind
of approach is fracture of the odontoid. This is not a
frequent lesion and it can be considered as a part of a
“hangman’s fracture”, a bilateral fracture of the pars in-
terarticularis with subsequent dislocation of C2 upon
C3. If the dens is fractured, the craniocervical junction
can be destabilized and the spinal cord can be com-
pressed in an acute way. Fractures of C2 account for
10–20% of all cervical spine traumatic injuries [4] in
adults and for 70% in children. The neurological mor-
bidity in patients reaching hospital is extremely low.
The real frequency of such fractures and their real mor-
tality are unknown, and are surely underestimated. In-
deed, such fractures are probably the cause of immedi-
ate death in some polytraumas.

Odontoid process fractures are the most common C2
fractures, representing approximately 60% of fractures
at this level [5]. They have been classified into three
types depending on the site of the rim of the fracture
(Anderson and D’Alonzo classification) [6]:
– Type 1: very rare, involves the tip of the odontoid.
– Type 2: the most frequent (65–80%), exhibits the

rim of the fracture at the base of the odontoid.
– Type 3: extends to the body of C2.
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They are frequently associated with a certain degree
of atlantoaxial dislocation. They are a consequence of
forces produced by hyperflexion or hyperextension.

Odontoid type 1 and type 3 fractures are typically
effectively treated with rigid external immobilization.
The treatment of odontoid type 2 fractures remains con-
troversial because of the high rate of nonunions with
external immobilization. Mostly, surgery is indicated
for nonunion after conservative treatment and when the
dislocation of the dens is >6�mm [4]. The surgical treat-
ment can be performed posteriorly with fixation of C1–
C2, anteriorly with insertion of a screw into the dens or
via a transoral route.

19.2.3 Inflammatory

Rheumatoid arthritis (RA) [7] is a chronic inflamma-
tory disorder with unknown etiology. Even though it is
a multisystemic disorder, RA is fundamentally a severe
form of chronic synovitis which leads to the destruction
and ankylosis of the affected articulations. The clinical
course is variable and is not easy to predict in the indi-
vidual patient. In most cases it is a persistent disease
with alternate periods of major and minor activity. The
peripheral joints are usually severely affected, before
symptoms occur in the superior cervical cord.

From an anatomopathological point of view arthritis
starts with an nonspecific inflammatory thickening of
the synovial membrane. As the disease advances spe-
cific alterations occur such as proliferative synovitis or
synovial pannus characterized by marked thickening of
the synovial membrane, stratification of synovial cells
and deep infiltration of inflammatory cells. Such an ex-
uberant inflammatory infiltrate will fill the whole joint
space and the released mediators progressively damage
the cartilage. The pannus then invades the damaged car-
tilage and subsequently the subchondral bone, with
subsequent demineralization and reabsorption.

Though any vertebral segment can be affected, the
distribution of the lesions is anything but homoge-
neous. The cervical tract is most frequently involved
while the thoracic and lumbar tracts are rarely involved.
Since the area most frequently involved by cervical RA
is the synovial membrane of the dens, impairment of
the cruciform and alar ligaments and reabsorption of
the odontoid process will typically occur. The joints be-
tween the occipital condyles and the lateral masses of
C1 and between those of C1 and C2 are affected by RA
and the process is characterized by bony erosion and

impairment of the attachment points of the joint cap-
sules and alar ligaments.

All the above-mentioned lesions lead to instability
which is exhibited in different forms [8]:
• Anterior atlantoaxial subluxation characterized by

anterior sliding of C1 in relation to C2; this occurs
in the presence of cruciform ligament degeneration
and/or a marked erosion of the dens.

• Posterior atlantoaxial subluxation characterized by
posterior sliding of C1 in relation to C2; such a sit-
uation can become more severe because of erosion
of the occipital condyles.
Sometimes penetration of the dens of the atlas into

the foramen magnum is associated to anterior sublux-
ation. Such a situation is known as vertical atlantoaxial
subluxation or basilar impression. It arises as a result
of reabsorption of the lateral masses of C1 with the sub-
sequent migration of C2 upwards; it can worsen due to
erosion of the occipital condyles.

19.2.4 Neoplastic

Various tumors can start at the level of the craniocervi-
cal junction. They may be benign or malignant, and the
malignant lesions may be primary or secondary. The
most common epithelial lesion is the squamous cell car-
cinoma and the most common bony lesion is the chor-
doma, even though the latter is not frequent. Squamous
cell carcinomas are usually rhinopharyngeal or oropha-
ryngeal. The robust pharyngobasilar fascia provides a
barrier to tumor penetration. Tumors of rhinopharyn-
geal origin have a greater propensity to spread into the
bone of the clivus than oropharyngeal tumors have to
spread into the cervical column.

Chordomas [9] should be considered as low-grade
malignant tumors. However, their behavior is more ma-
lignant because they are difficult to remove totally, they
have a high recurrence rate, and they can metastasize.
They are slow growing, locally aggressive and osseode-
structive. They arise from the notochordal remnants ex-
tending from the clivus to the sacrum (which normally
differentiates into the nucleus pulposus of the interver-
tebral disks).

The most frequent sites are: sacrococcygeal (50%),
sphenooccipital and clival (35%), and vertebral (15%).
The reason for such major occurrence is the presence
of a large amount of notochordal cell remnants in sacro-
coccygeal and basioccipital sites. The average age at
presentation is 40�years. Because of the slow rate of
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growth chordomas appear quite large at presentation.
Histologically physaliphorous cells (vacuolated cells
that probably represent cytoplasmic mucus vacuoles
seen ultrastructurally) are distinctive. Macroscopically
they are grayish, lobulated masses without a distinct
capsule, and they contain varying amount of calcifica-
tion. Irregular bone destruction is evident on CT scans.
The consistency of the tumors may vary from soft and
gelatinous to hard. They are extradural in origin and
tend to displace the dura. It is usually possible to estab-
lish a plane of dissection around the tumor and the neu-
rovascular structures; however, such a plane cannot be
developed in the bone because of tumor infiltration.
Malignant transformation into fibrosarcoma or malig-
nant fibrous histiocytoma is rare.

Chondrosarcomas and chondromas should be consid-
ered in the differential diagnosis. Chondrosarcomas [9]
are slow-growing, malignant neoplasms. They are be-
lieved to originate in the primitive mesenchymal cell
rests in the cartilaginous matrix at the skull base. They
are rarer than chordomas, tend to have a better progno-
sis, are less aggressive, and their recurrence rate is lower.

The most frequently occurring tumors of the spinal
column are metastatic and the spine is the most com-
mon site for skeletal metastases [10]. Secondary spinal
tumors most often arise from carcinomas of the breast,
prostate and lung.

Neurological symptoms occur when the tumor com-
presses the brainstem or extends through the foramen
magnum.

19.2.5 Clinical Presentation

Lesions of the clivus can be occasional findings on a
routine CT scan or radiograph of the head, with few or
lacking clinical manifestations. Odontoid lesions and
atlantooccipital or atlantoaxial disease are typically
symptomatic [3].

Lesions of the clivus can simply occur with posterior
cervical pain or occipital cephalea claimed at the anam-
nesis. The involvement of the canal of the hypoglossal
nerve can produce paresis or paralysis of cranial nerve
XII, causing speech impediment and oral dysphagia.
Such symptoms often tend to be transitory, since the
patient rapidly adjusts to unilateral lingual paralysis.
Extension of the lesion at the level of the jugular fora-
men causes impairment of cranial nerves IX, X and XI
(jugular foramen syndrome). Such a well-known con-
stellation of symptoms, consisting of weakness of

shoulder movements, secondary to paralysis of the ster-
nocleidomastoid and trapezius muscle, hoarse voice,
food aspiration, pharyngeal dysphagia caused by vagus
nerve paralysis and additional paralysis of the glos-
sopharyngeal nerve, can be severely debilitating.

The presence of a mass in the rhinopharynx can
cause a swelling sensation in the throat and an auditory
deficit in conduction.

Malignant lesions of the mucous membrane, such as
rhinopharyngeal carcinoma, are usually ulcerating and
the bleeding, even though it is seldom profuse, is a re-
current symptom. Posterior extension of clival tumors
can cause brainstem compression. The early sympto-
matology may only be a suboccipital pain and a minor
dysesthesia in the arms. As the compression of the in-
ferior portion of the clivus becomes greater, the patient
may report weakness of the upper limbs and balance
disorders, as well as paresis of cranial nerve XI. If com-
pression has reached the medial and superior portion of
the clivus, symptoms may include: a deficit of cranial
nerve VI, dizziness, ataxia, syncopal episodes, and hy-
drocephalus.

The basilar impression syndrome causes brainstem
compression and can indicate a cerebromedullary syn-
drome with ataxia, dizziness, oscillopsia and vertical
nystagmus. The inferior cranial nerves may also be in-
volved. Compression of the pons can produce sudden
cardiorespiratory arrest. Compression in the atlantoax-
ial area can cause lower limb paralysis, upper limb
paresthesia, hyposthenia and quadriparesis.

Odontoid fractures, especially with posterior luxa-
tion, can cause cardiorespiratory arrest and sudden
death. There may be severe pain in the posterior sur-
face of neck, which increases in intensity with cough-
ing or leaning forwards, upper limb paresthesia and
hyposthenia, lower limb hyposthenia or paralysis or
quadriparesis.

19.3 Radiological Assessment

Radiological investigations are extremely important
both in the diagnosis phase and in surgical intervention
planning, as it is easy to deduce. Modalities include:
• Conventional radiology (including dynamic pro-

jections in flexion-extension and open mouth pro-
jection).

• CT.
• MRI.
• Angio-MRI.
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A simple cross-table lateral is usually the first image
of the cervical spine to be obtained following trauma.
A swimmer’s view may be required, as it is necessary
to image from the skull base to the top of the T1 verte-
bral body. An open-mouth odontoid view should be ob-
tained to assess the C1–C2 vertebrae and articulations
and is particularly valuable for assessment of the odon-
toid process. The anteroposterior view may be useful
to identify injuries with a rotatory component.

In the oncological patient, plain radiographic imag-
ing of the spine allow assessment of: qualitative bony
alterations (e.g. lytic, blastic, or sclerotic abnormalities);
site of involvement (e.g. posterior elements, pedicles,
or vertebral body); ancillary findings (e.g. paraspinal
soft-tissue shadow, vertebral collapse, pathological frac-
ture dislocation, or malalignment).

The lateral radiograph of the cranium allows the
odontoid edge position to be emphasized in relation to
the basicranium. Chamberlain’s line [11] connects the
dorsal margin of the foramen magnum with the poste-
rior edge of the hard palate. The extremity of the odon-
toid process should be below this line. Since the dorsal
margin cannot be so easily detected, McGregor defined
another line connecting the posterior margin of the hard
palate to the most caudal point of the occiput (no more
than 4–5�mm of dens should be above this line) [12].
Fischgold’s lines are also useful measures and are re-
producible radiographically using an anteroposterior
projection. Fischgold’s digastric line joins the digastric
notches. The normal distance from this line to the mid-
dle of the atlantooccipital joint is 10�mm (this distance
is reduced in basilar impression) [13]. No part of the
odontoid should be above this line. Fischgold’s bimas-
toid line joins the tips of the mastoid processes. The
odontoid tip averages 2� mm above this line (range
3�mm below to 10�mm above) and the line should cross
the atlantooccipital joint [14].

With current MRI technology these measures are
less important than they were since compression of soft
tissues can be demonstrated with high precision.

CT in the assessment of the trauma patient is par-
ticularly useful for analyzing the occipitocervical and
the cervicothoracic junctions. Areas identified as pos-
sible pathology on plain radiographs should be further
investigated with CT imaging with fine sections
through the suspicious areas. In the oncological patient
CT scans are useful to demonstrate the distribution of
spinal tumors, the displacement of the spinal cord and
nerve roots, the degree of bony destruction, and
paraspinal extension of the lesion in the horizontal
plane. CT could be effective in distinguishing between

benign spinal degenerative disease and neoplastic le-
sions [15, 16].

MRI is an extremely useful tool in the assessment
of the patient with a cervical spine injury and may iden-
tify injuries, such as disk herniations, not seen on plain
radiographs or CT scans. MRI has become the imaging
modality of choice for spinal tumors, including metas-
tases [17, 18]. The MRI scan helps in defining the re-
lationships between pathology and the brainstem, the
cervical cord and vertebral arteries. Gradient-echo se-
quences and images after contrast agent administration
allow the assessment of soft-tissue pathologies and the
integrity of the C1–C2 ligament complex, important
factors in surgical planning.

The angio-MRI or angiography is necessary in the
surgery of tumors with possible embolization, and is also
useful in some congenital or acquired abnormalities.

The evaluation of radiological images of the cran-
iocervical junction is an essential step in selecting the
best approach and in evaluating for the presence of in-
stability at the level of the craniovertebral junction. As
discussed in section 19.4 Surgical Considerations, it is
very important to distinguish between an intradural le-
sion and an extradural lesion and to evaluate the lateral
extension of the lesion.

Tracing on an MRI image an imaginary sagittal
plane between the hard palate and the craniocervical
junction permits, in the preoperative phase, the superior
extension of the exposure to be estimated. The possi-
bility of choosing a transsphenoidal approach is to be
considered for lesions above such a line. A solely tran-
soral approach could be enough when the lesion is
below the plane of the hard palate. As an alternative, a
Le Fort I maxillectomy, with or without splitting the
palate, can be considered for lesions extending both
above and below the plane of the hard palate. If the le-
sion extends inferiorly over the body of C2 a transman-
dibular approach will provide a better exposure.

19.4 Surgical Considerations

The transoral approach [3, 19–24] to the basicranium
allows exposure alongside the midline of the third in-
ferior of the clivus, the craniovertebral junction and the
C1/C2 complex.

The primary advantage of such a surgical approach
is direct extradural approach without surgical tensile
forces upon the encephalus. Though exposure along-
side the midline allows access to intradural structures
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such as the caudal portion of the pons, spinal cord, cer-
vicomedullary junction, and vertebrobasilar artery
complex, a transoral approach for the treatment of in-
tradural lesions appears not to be the most suitable in-
tervention due to contamination of the surgical field. A
watertight dural closure is difficult to obtain using such
an approach and the probable fluid fistula would put
the patient at risk of meningitis.

The limits of a transoral approach are laterally the
mandible and tonsillar pillars, and superiorly and infe-
riorly the third inferior of the clivus and the medioin-
ferior portion of the C2 body. Some clinical conditions
such as RA can result in a reduction in the extension of
the exposure because of a decreased ability to open the
mouth. Therefore it is necessary to perform accurate ra-
diological investigations before planning the interven-
tion. First it is necessary to consider the possibility of
approaching the lesion by an exposure of the basicra-
nium alongside the midline and distinguishing between
an intradural lesion and an extradural one. In the case
of an extradural lesion, such an intervention should be
considered only when the lesion does not extend later-
ally. In order to obtain an adequate surgical field, mouth
needs to be open at least 2.5–3�cm between the incisor
teeth of the two dental arches. An extended transoral
approach [3, 19–21] (by maxillectomy, palate splitting
[25], mandibulectomy [26–28] and glossectomy [26–
28]) undoubtedly allows a wider exposure which is use-
ful for lesions of larger dimensions (Fig.�19.3), but it is
also associated with greater morbidity. 

In the preoperative phase radiography of the cervical
spine will reveal the presence of instability at the level
of the craniovertebral junction. Stabilization of the cer-
vical spine (occipitocervical or atlantoaxial) may be
necessary if a lesion has already destabilized the at-
lantooccipital or atlantoaxial articulation, or if the re-
moval of a lesion has resulted in instability.

19.5 Surgical Technique

19.5.1 Patient Preparation

Before covering the patient with a surgical drape, set-
ting the brilliance amplifier will provide useful infor-
mation for intraoperative orientation. The patient is
placed in a supine position. The head can be rested on
a surgical donut-shaped cushion or fixed rigidly. In the
former case the head needs to be held still during the
intervention. The patient’s head will be hyperextended
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Fig. 19.3 a Transoral approaches (blue dotted line transmaxillary
palatal split approach, green dotted line transpalatal approach,
red dotted line transmandibular approach, yellow dotted line stan-
dard transoral approach). b Skull base and upper cervical spine
frontal view after palatal and mandibular splitting

b
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so as to provide the best view of the craniovertebral re-
gion. The extent of opening of the mandible, the size
of the oral cavity and the isthmus of the fauces should
be assessed. In patients suffering from RA involvement
of the temporomandibular joint is common, and in such
cases surgical mobilization of the joint or the use of an
extended approach (labiomandibular glossotomy) may
be necessary. A tracheostomy must be performed in pa-
tients suffering from respiratory complications related
to bulbar dysfunction and in patients needing an ex-
tended approach involving labiomandibular glosso-
tomy. Considerations in favor of such a procedure are
the possibility to:
• Obtain a wider surgical field.
• Avoid a probable source of bacterial contamination

(endotracheal tube).
• Prevent damage related to aspiration and dysphagia

that frequently occur in the postoperative period.
• Provide airway protection in the first days after the

intervention.
The endotracheal tube, passing through the oral cavity,

is usually set under the tongue retractor and this increases
tongue compression and the probability of postoperative
swelling. It is advisable to perform a tracheotomy be-
cause of the occurrence of postoperative edema of the
tongue together with stenosis of the airways.

The eyes are protected by the use of Frost knots or,
in short interventions, by corneal protectors. Sterile
skin preparation should include besides the head and
neck region, any region that is likely to be used for tis-
sue harvest (e.g. the thigh for fascia lata). Thorough
oral hygiene in the days preceding a surgical interven-
tion is important. All gum or tooth infections must be
cleared before the intervention. Sterile preparation in-
cludes washing with a disinfectant solution.

Exposure of the surgical field is guaranteed by
placement of a retractor (such as a Dingman, Crockard
or Spetzler-Sonntag retractor) which allows retraction
of the tongue and cheeks and keeps the oral fissure
open. For orotracheal intubation it the tube can be
placed under the tongue retractor ensuring that exces-
sive compression of the tongue is avoided (Fig.�19.4).
Moreover the tip of the tongue should not be too com-
pressed against the tooth arch. A few minutes after
placing the retractor it will be possible to obtain the
widest opening allowing further tool release, while the
perioral and mandibular muscles carry on loosening
and stretching. The surgeon will be at the patient’s head
and will use a surgical microscope which is very useful
for working in such a narrow and hard-to-illuminate
surgical field.

19.5.2 Surgical Procedure

The posterior part of the pharynx is infiltrated with 0.5%
lidocaine with epinephrine at 1/200,000. If necessary,
the soft palate and the hard palate are also infiltrated.
Touching the tubercle of C1 the midline is found, but it
should be born in mind that this point of anatomical ref-
erence may be lacking or anatomically altered in patients
with a tumors located at this level. When the procedure
involves the inferior clivus and foramen magnum it is
necessary to split the soft palate, and at times, the hard
palate. In other situations, the soft palate and uvula are
retracted superiorly with a malleable blade retractor or
catheters are passed via the nasal passages into the na-
sopharynx (Fig.�19.5). To elevate the soft palate, the
catheters are secured to its edges, and it is then with-
drawn into the high nasopharynx (a palatal incision is
avoided when possible because it can cause nasal regur-
gitation, dysphagia, and a nasal tone to the voice).

The soft palate incision starts at the base of the uvula
and, continuing between the hard palate and soft palate,
ends laterally at 3–5�mm from the tooth root. The inci-
sion runs around the anterior margin of the hard palate,
just behind the incisive foramen, contralaterally and
downwards, and up to the first molar of the opposite side
(Fig.�19.6). The mucosoperiosteal flap of the hard palate
is then dissected at the junction between the hard palate
and soft palate. The principal palatal neurovascular bun-
dle is isolated at the side of the incision and sectioned
after tying it with a suture thread. The insertions of the
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soft palatal muscles into the hard palate are dissected.
This is performed contralaterally via the submucosa.

The posterior pharyngeal wall is longitudinally in-
cised alongside the midline in correspondence to the le-
sion that will later be resected. An electroscalpel can
be used for this incision. The incision is carried pro-
gressively through the mucosa, the midline raphe be-
tween the pharyngeal muscles, and the anterior longi-
tudinal ligament down to the bone using a regular
monopolar cautery tip. The lateral retractors help to ex-

pose the tissues as the incision is deepened. Then the
tip of a regular monopolar cautery, bent to a near right
angle, is used in a sweeping motion to detach the liga-
ments from the bone in a subperiosteal fashion. This
technique greatly reduces bleeding from these well-vas-
cularized tissues. The longus colli and the longus capi-
tis muscles are mobilized laterally and held in place
with tooth-bladed lateral pharyngeal retractors to ex-
pose the inferior clivus, C1 arch, and C2 vertebral body
(Fig.�19.7).
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Fig. 19.5 Surgical field after retractor placement and soft palate
and uvula retraction superiorly using catheters passed via the
nasal passages into the nasopharynx

Fig. 19.6 Incision line for the pharyngeal wall, soft palate and
hard palate

Fig. 19.7 a Exposure obtained
by a pharyngeal wall incision. b
Exposure obtained by a pharyn-
geal wall incision combined with
a soft and hard palate incision ba



Detailed descriptions of odontoidectomy, tumor re-
moval, extended procedures, and closure of the wound
can be found in the respective sections.

19.5.3 Removal of C1 Arch
and Odontoidectomy

When is removal of the dens necessary?
• When a fracture and irreducible subluxation of the

dens cause an anterior compression of the spinal cord.
• When an anterior compression of the cervico-

medullary junction arises from a rheumatoid pannus
or a tumor.

• When decompression must be performed in basilar
impression.
First soft tissues are freed using an electroscalpel

and a periosteal elevator before the anterior arch of C1
and the odontoid process of C2 are removed. Then, by
means of a high-speed drill, the arch of C1 is cut on
each side of the odontoid process and the underlying
odontoid process exposed by removing the arch of C1
using rongeurs. After distinctly defining the edges of
the odontoid process the alar and apical ligaments are
detached sharply with curved curettes. The base of the
dens is partially transected with a cutting burr. The os-
teotomy is completed by removing the posterior cortex
with a small Kerrison rongeur or diamond burr. At this
point the dens is removed en bloc.

The transverse ligament is identified. Sometimes re-
moval of the pannus might first involve removal of the
transverse ligament, tectorial membrane, and any other
residual ligaments. To decompress the underlying cran-
iovertebral junction dura mater, a proper resection of
the compressive pathology is performed and, if neces-
sary, the inferior clivus is removed using a high-speed
drill and rongeurs.

19.5.4 Tumor Removal

Sometimes opening the posterior pharyngeal mucosa
may reveal a tumor that has caused misshaping of the
anatomy of the craniovertebral junction. In such cases
removal of the tumor, in a piece-meal fashion, is indi-
cated. Any ligaments involved by tumor should also be
removed.

Odontoidectomy could be indicated for a neoplastic
mass extending more deeply, being mindful to detach

the apical and alar ligaments first, in order to avoid up-
ward tip retraction.

Posterior stabilization is advisable if tumoral erosion
of the atlantooccipital joints or disruption of the arch
of C1 or of the odontoid process has occurred. If the
tumor has involved the occipital condyle, care must be
taken not to injure the hypoglossal nerves (passing
through the hypoglossal canal) while drilling it. If the
tumor has involved the dura mater, care must be taken
not to injure the basilar artery, perforators and brain-
stem. If an intraoperative cerebrospinal fluid leak oc-
curs, the dura mater should be reconstructed with au-
tologous or allograft fascia lata, fat and fibrin glue in
several layers. At the end of such a procedure tempo-
rary lumbar drainage should be performed. If the tumor
has not involved the dura mater the extent of decom-
pression can be evaluated intraoperatively by injecting
contrast material into the epidural space and viewing it
fluoroscopically.

19.5.5 Closure

Proper wound closure is not an easy task. Two con-
ditions have to be recognized:
1. If the dura mater is intact the wound is closed in two

layers. First, the muscle layer is approximated in a
horizontal mattress using 3-0 vicryl sutures. Then,
the mucosal layer is approximated using simple in-
terrupted 3-0 vicryl sutures.

2. If the dura mater has been lacerated by the tumor or
the surgical approach, it is necessary to reconstruct
the cranial base followed by placement of a tempo-
rary lumbar drain in order to prevent a cerebrospinal
fluid leak. The dural defect can be reconstructed by
grafting a piece of fascia lata, previously harvested
from the thigh. Then the muscle layer and mucosa
can be closed as previously described.

19.5.6 Posterior Stabilization

It is advisable to perform a posterior stabilization im-
mediately after transoral resection since it allows both
restoration of normal alignment which is often dis-
rupted by the pathological process and its subsequent
stabilization. If the patient is in good alignment initially,
the stabilization could be performed before the transo-
ral approach. The surgery itself contributes to weaken-
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ing of the craniovertebral junction, which in many
cases, is already impaired by the underlying pathology.
The key structure for stabilization in the atlantoaxial
region is the odontoid process of C2, which is held
within the anterior ring of C1 by the very strong trans-
verse ligament. Resecting the anterior arch of C1 or
performing a transoral odontoidectomy will therefore
disrupt this complex leading to a significant increase in
the amount of translational and rotational motion mak-
ing the spine very unstable.

An occipitocervical stabilization is usually required
when a basilar invagination is found preoperatively.

For posterior stabilization, the patient is reposi-
tioned in the prone position with the head placed in
three-point fixation. A cervical collar is used to in-
crease the stability during careful turning of the pa-
tient. Then, the craniovertebral junction is placed in
anatomic alignment under fluoroscopic visualization
for subsequent stabilization. The motion segments re-
quiring stabilization are definitively determined during
surgery because it is not easy to determine whether
there is atlantooccipital instability if atlantoaxial insta-
bility is also present. After exposing the spine, a towel
clamp or Kocher clamp is placed on the posterior arch
of C1, and force is carefully applied under fluoro-
scopic visualization. The atlantooccipital joint is un-
stable if C1 translates in the anteroposterior plane by
more than 1�mm. If this is the case the fusion construct
is extended to the occipital bone to perform an occip-
itocervical fusion. If no translation of C1 in relation to
the occipital bone occurs, only C1/C2 stabilization is
usually performed with transarticular screws or a direct
C1 lateral mass screw and C2 pars screw construct
(Harms’ technique). If the fixing of C1 and C2 cannot
be directly performed it is necessary to extend the con-
struct to achieve an instrumented occipitocervical sta-
bilization. Nevertheless, in most cases a short segment
fusion is achieved thanks to the versatility of modern
instrumentation systems.

19.6 Extended Transoral Approaches

The extended transoral approach is usually required
when lesions extend beyond the exposure limits of a
standard transoral approach. The need for an extended
approach can be determined preoperatively from radi-
ographic images, as described above. Extended ap-
proaches involve additional incisions and facial os-
teotomies to mobilize structures that may obstruct the

surgeon’s line of sight to the lesion (Fig.�19.8). Accu-
rate reconstruction of maxillofacial osteotomies is es-
sential to achieve excellent cosmesis and avoid maloc-
clusion. The options for gaining more superior
exposure of the upper and middle clivus and sphenoid
sinus are the transmaxillary (Le Fort I maxillotomy) ap-
proach, transmaxillary palatal split (extended “open-
door” maxillotomy) approach, or the transpalatal ap-
proach. To gain more inferior exposure from C2 to C4,
a median labiomandibular glossotomy (transmandibu-
lar split) can be used.

19.6.1 Transmaxillary Approach
(Le Fort I Maxillotomy)

The transmaxillary approach involves a Le Fort I max-
illotomy through a gingival fornix incision that allows
inferior mobilization of the maxilla and hard palate,
much like a trap door [22, 29, 30]. The lateral limits of
the exposure are the carotid arteries (Fig.�19.9).
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Fig. 19.8 Extended approaches involve additional incisions and
facial osteotomies to mobilize structures that may obstruct the
line of sight to the lesion



19.6.1.1 Indications

This maneuver provides more upward viewing to the
sphenoid sinus and upper and middle clivus and also
provides a wider panoramic exposure of the posterior
nasooropharynx. Inferior displacement of the hard
palate, however, obstructs inferior viewing of the infe-
rior portions of the body of C2, which is the major lim-
itation of this approach. This approach is appropriate
for midline extradural lesions that are wider and in-
volve the sphenoid sinus, clivus, and odontoid process.

The Le Fort I maxillotomy has advantages over the
extended transsphenoidal approach in that it provides
wider exposure as well as more inferior viewing past
the plane of the hard palate.

19.6.1.2 Surgical Technique

A gingival fornix incision is made along the upper
alveolar margin extending from one maxillary tuberos-
ity to the other. The gingival mucosa is elevated sub-
periosteally to expose the anterior maxilla up to the
level of the infraorbital nerve. Once the piriform aper-
ture has been identified, the nasal mucosa is elevated
from the nasal floor and the nasal septum up to the
level of the inferior nasal turbinates. The pterygomax-
illary fissures on both sides must be exposed prior to
the osteotomy.

The intended Le Fort I osteotomy is marked on the
maxilla with a sterile pen. It is important to perform
preplating with titanium plates and screws to ensure an

294                                                                                                                                                                                                 F.S. De Ponte and E. Belli

Fig. 19.9 a Gingival fornix incision in the transmaxillary ap-
proach. b Downward displacement of the maxilla. c Exposure
obtained by the transmaxillary approach

b

a
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exact fit when the maxilla is returned to its anatomic
position during closure. This technique reduces the risk
of postoperative malocclusion. The titanium miniplates
and screws are secured over both sides of the intended
Le Fort I osteotomy line. They are then removed and
carefully labeled for subsequent replacement during
closure. Using an oscillating saw, bilateral Le Fort I os-
teotomies are made, staying above the roots of the teeth
to avoid dental injury.

Another osteotomy is made to separate the bony
nasal septum from the hard palate. Using a curved os-
teotome, the maxillary tuberosities are disarticulated
from the pterygomaxillary fissures bilaterally. Then the
hard palate is down-fractured and mobilized inferiorly
into the oral cavity. The remainder of the operation is
similar to the transoral approach described above. At
the time of closure, the maxilla is replaced and fixed
with the preregistered titanium plates and screws. The
gingival mucosa is reapproximated with interrupted 2-
0 absorbable sutures.

19.6.2 Transmaxillary Palatal Split
Approach (Extended Maxillotomy)

This modified approach is referred to as the transmax-
illary palatal split approach, or extended “open-door”
maxillotomy, and is essentially a Le Fort I osteotomy
enhanced with an additional split of the hard and soft
palate. The lateral limits of this exposure are the cav-
ernous carotid arteries, the occipital condyles, and the
lateral masses of the C1–C2 complex (Fig.�19.10).

19.6.2.1 Indications

This approach provides rostral exposure of the sphe-
noid sinus and upper and middle clivus while maintain-
ing the inferior exposure provided by a standard tran-
soral approach. This is particularly useful for extensive
lesions that involve the sphenoid sinus and clivus down
to the body of C2.

The splitting of the hard and soft palate and subse-
quent mobilization of the hemimaxillae laterally per-
mits a wider exposure of the inferior limits. Each hemi-
maxilla has its own blood supply and innervation from
its respective palatine artery and nerve.

The major disadvantages of this approach are an ex-
tended operating time and the complexity of recon-
struction and wound closure.
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Fig. 19.10 a Incision lines in the transmaxillary palatal split
approach. b Palatal splitting in the transmaxillary palatal split
approach

b

a



19.6.2.2 Surgical Technique

A Le Fort I osteotomy is initially performed as de-
scribed above. The mucosa over the hard palate is in-
cised slightly off the midline, continuing posteriorly
through the soft palate, staying on one side of the uvula.
Using an oscillating saw, the hard palate is split in the
midline starting between the front incisors. The os-
teotomy traverses around the anterior nasal spine and
continues posteriorly in the sagittal plane. Each hemi-
maxilla is rotated outward and retracted laterally into
the cheek. A midline incision is made in the posterior
pharyngeal wall and the surgical resection is continued
as described previously (Fig.�19.11). At the time of clo-
sure, each hemimaxilla is restored to its anatomic loca-
tion and fixed with preregistered titanium plates and
screws. The mucosa is reapproximated over the hard
palate and the sublabial incisions with interrupted ab-
sorbable sutures. The soft palate is closed in three lay-
ers with interrupted absorbable sutures.

19.6.3 Transpalatal Approach

The transpalatal approach provides increased rostral ex-
posure of the upper and middle clivus through a stan-
dard transoral approach by excising the hard palate.

19.6.3.1 Indications

This approach is useful for tumors of the craniovertebral
junction that extend superiorly beyond the plane of the
hard palate. It allows minimal facial disassembly.

19.6.3.2 Surgical Technique

To disarticulate the hard palate, exposure is obtained
above and below the hard palate through the nasal floor
and oral cavity, respectively. Initially, a gingival fornix
incision is made and the gingival mucosa elevated sub-
periosteally to expose the piriform aperture. Submu-
cosal dissection is performed to expose the nasal floor
and nasal septum, similar to a sublabial transsphenoidal
approach. A midline incision is made through the mu-
cosa of the inferior surface of the hard palate that con-
tinues through the soft palate, staying on one side of
the uvula. The mucosa is elevated subperiosteally to the
alveolar margin around the greater palatine foramen,
and the levator muscle detached from the posterior mar-

296                                                                                                                                                                                                 F.S. De Ponte and E. Belli

Fig. 19.11 Exposure obtained by the transmaxillary palatal split
approach

Fig. 19.12 Exposure obtained by the transmandibular approach



gins of the hard palate. An oscillating saw is used to cut
around the margin of the palate near the alveolar edge,
staying medial to the greater palatine foramen. Through
the sublabial exposure, the hard palate is disarticulated
from the nasal septum and lateral nasal walls with an
osteotome. The bony hard palate is removed from the
oral cavity, thereby exposing the nasal septum, sphe-
noid sinus, and upper clivus (Fig.�19.12). The posterior

pharynx is incised and tumor removal proceeds as de-
scribed previously. At the time of closure, titanium mi-
croplates and screws are used to fix the hard palate back
into its anatomical position. Take care not to place
screws into the tooth roots. The soft tissues of the soft
palate and the palatal mucosa are reapproximated with
interrupted absorbable sutures, and the sublabial inci-
sion is also closed with interrupted absorbable sutures.

19.6.4 Transmandibular Approach
(Median Labiomandibular
Glossotomy)

The median labiomandibular glossotomy involves a
lower lip and chin incision followed by a midline split
of the mandible and tongue (Fig.�19.13).
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Fig. 19.13 a Skin incision lines in the transmandibular approach.
b Mandibular incision line in the transmandibular approach. c
Exposure obtained by the transmandibular approach. d Closure
after the transmandibular approach
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20.1 History

The first rudimentary transfacial approaches were per-
formed in ancient Greece to cure warriors and
wrestlers. Aesculapius and Hippocrates reported treat-
ment of people suffering from trauma to the head and
face. During the Renaissance period, the practice of
anatomy on cadavers led to the meticulous description
of the anatomy of the face and its cavities. At the end
of the 18th century, Dionis described some techniques
to perform maxillofacial resections and, during the 19th
century, in relation to the wars that involved all of Eu-
rope, interest in this surgery came back again. It was
only in the second half of the last century that the mod-
ern concepts involved in the performance of maxillo-
facial surgery were developed. These include an inter-
est in treating tumors involving the paranasal sinuses
and skull base extending within the cranium, the op-
portunity to use prostheses after extensive surgery, and
the respect of the different tissue layers during surgery
in order to achieve an adequate and optimal esthetic re-
construction of the face. In the 1980s, Curioni intro-
duced the concept of the box in oncological surgery.

20.2 Indications

Transfacial approaches are used to treat tumors sited
within the ethmoid cells, within the maxillary sinuses,

in the central skull base and clivus, and within the
pterygopalatine and subtemporal fossa. Furthermore,
nasopharyngeal tumors, and tumors invading the orbit
and anterior skull base, require a subtotal or total eth-
moidomaxillectomy using different techniques [1–6].

20.3 Investigations

Radiological investigations are extremely useful in di-
agnosis and surgical planning. The modalities used in-
clude plain radiography, computed tomography, an-
giography, and magnetic resonance imaging.

20.3.1 Radiography

The role of plain radiography has declined in popularity
following the introduction of more recent techniques.
The value of plain radiography is in determining the
stability at the occipitoatlantoaxial joints. The lateral
views in extension and in flexion can give useful infor-
mation regarding the extent and level of alterations. The
angles and the distances between bone landmarks can
indicate significant discrepancies from normal.

20.3.2 Computed Tomography

This investigation, before and after the administration
of contrast agent, can predict the boundaries, nature,
consistency, and relationship with the near structures
of tumoral lesions. Possible edema and necrosis and the

Midfacial Approaches

                                                                                                                       

Luigi Califano, Pasquale Piombino, Felice Esposito
and Giorgio Iaconetta

P. Cappabianca et al. (eds.), Cranial, Craniofacial and Skull Base Surgery.
© Springer-Verlag Italia 2010

301

L. Califano (�)
Dept of Head and Neck Surgery
Università degli Studi di Napoli Federico II, Naples, Italy

20



extent of invasion can be accurately assessed as well.
Thin slices and high resolution bone windows (1�mm)
are tremendously important for detection of such le-
sions. Three-dimensional reconstructions also play an
important role in preoperative surgical planning.

20.3.3 Angiography

Sometimes it is important to assess the precise tumoral
vascular supply and to study the displacement, distor-
tion or occlusion of the main vessels. Also, preoperative
angiography gives the opportunity to perform endovas-
cular embolization if the tumor is extensively vascular-
ized, thus helping to reduce intraoperative blood loss.
Angiography can be performed not only in its tradi-
tional form but also, more recently, as angio-CT and
angio-MR.

20.3.4 Magnetic Resonance Imaging

MRI gives high-quality images, with clear demarcation
between normal and pathological soft tissues, allowing
the operation to be performed more safely. This exam-
ination can be associated with high-resolution CT to
study the soft and hard tissues simultaneously, thus giv-
ing the navigation system information that is extremely
important in decreasing the risk of error.

20.4 Surgical Technique

20.4.1 Skin Incision and Soft Tissue
Dissection

Surgery is carried out under general anesthesia with the
patient in the supine position with the head slightly el-
evated and not fixed to any device. In order to keep the
nasal and oral cavities free, tracheostomy is usually re-
quired, but in many cases, after intubation, we pass the
tube through the floor of the oral cavity so it exits in
the submandibular region, being careful to position it
on the opposite side from the maxillectomy and lateral
to the tongue. A temporary tarsorrhaphy is performed
on the eyelid of the operative side if orbital exenteration
is not required, and the other eye is simply covered by
protective tape.

The operative field is adequately prepped with anti-
septic solution from the forehead to the upper half of
the neck. The oral cavity is also cleaned with antiseptic
solution after a pharyngeal pack has been inserted. In
relation to the extension of the surgical approach and
the areas involved by the tumor lesion, the opportunity
to prepare the carotid artery to the neck should be con-
sidered if any manipulation of this artery may be
needed during surgery.

The precise planning of the skin incision is ex-
tremely important considering its functional and cos-
metic implications. The most used incision is the
Weber-Ferguson incision (Fig.�20.1). The incision is
drawn using a skin marker and before the incision is
performed, a solution of epinephrine is injected within
the soft tissues in order to reduce bleeding. The classic
Weber-Ferguson incision starts 1�cm above and medial
to the medial canthus, curving inferiorly along the lat-
eral border of the nose, following the nasofacial sulcus,
to reach the alar groove.

The curve has to be as obtuse as possible to be sure
that the skin has an adequate blood supply to avoid
necrosis. The incision then continues inferiorly, curving
in the direction of the midline, turning downward at
right angles and extending along the philtrum to divide
the upper lip up to the vermilion. The incision over the
vermilion of the upper lip has a “zig-zag” line in order
to avoid subsequent contraction and upward retraction
of the lip. The incision continues over the gum to reach
the groove between the two central incisors. The palatal
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Fig. 20.1 Skin incision



incision is sited on the lingual aspect of the upper alve-
olus, between the central incisors, and curves along the
inner border of the upper alveolus 0.5�cm from the mu-
cosa, toward the operative side, reaching the third
molar area and then turning laterally toward the oral
mucosa behind the maxillary tuberosity. The gingival
attachment of the vestibular surface is resected by knife
as far as the third molar. The attachment of the soft
palate to the hard palate has to be detached and divided
to enter the posterior nasal cavity. This incision allows
a skin flap to be reflected providing a wide exposure of
the paralateronasal and maxillary regions (Fig.�20.2).

Over the years different variations of skin incision
have been suggested. We mostly use the Tabb incision
which is an upper prolongation of the previously de-
scribed incision, following the ciliary margin of the
upper eyelid, eventually prolonged into the temporal
region. The Schuknecht incision is useful if orbital ex-
enteration is required. If more exposure of the deep
midface and maxilla is needed, we perform the Moure
incision, along the upper border of the orbital cavity, or
the modified Moure with infraorbital incision to reach
the lateral canthus and in some cases extending more
laterally to the zygomatic arch.

The incision along the eyelid has to be 3�mm away
from and parallel to the eyelashes in order to avoid
edema if too close, or ectropion if too far from the eye-
lashes, complications that evolve into esthetic and func-
tional problems for the patient. The soft-tissue layers
and muscles are then incised and elevated until the pe-

riosteal layer is reached, taking care to avoid excessive
stretching of the orbicularis muscle. This is then incised
following the section line of the skin and is dissected
with a smooth dissector.

The soft tissue dissection should be limited to expo-
sure of the bony surface enough to perform the os-
teotomies; excessive retraction may lead to scar forma-
tion after an inadequate reconstruction at the end of
surgery. Attention has to be paid to preserving the ar-
teries and veins while accurate hemostasis of the soft
tissues has to be performed. The lacrimal sac is elevated
from its lodge while the periosteum at this level is left
in position. The periosteum is superiorly dissected to
expose the frontoethmoidal suture taking great care to
preserve the ethmoidal arteries which represent the
upper limit of the resection.

Obviously, the techniques of incision we use have
to be tailored according to the approach for each spe-
cific lesion treated; for example, if an ethmoidectomy
only has to be performed, it is unnecessary to split the
superior lip.

The soft tissues of the nasal pyramid are laterally re-
flected toward the contralateral eye and the median
nasal suture is exposed; the nasal fibrocartilage is hence
dissected from the bony margin and the orbital contents
are gently dissected and lateralized in order to elevate
the periorbit from the bony structures of the lamina pa-
pyracea (Fig.�20.3). The soft tissues are covered by wet-
ted gauze to avoid accidental trauma during the os-
teotomies and their drying.
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Fig. 20.2 Nasal bone and nasolacrimal duct Fig. 20.3 Nasal bone osteotomy



20.4.2 Osteotomies

After skeletonization of the maxilla, there are two main
approaches: ethmoidectomy with medial maxillectomy,
and total ethmoidomaxillectomy.

20.4.2.1 Ethmoidectomy and Medial
Maxillectomy

If this approach is required, the superior lip has to be
left intact because the hard palate is not resected. The
ipsilateral nasal bone is disconnected at the level of the
maxillary suture and the orbit contents are lateralized
to enlarge the surgical corridor. The nasofrontal suture
is disconnected with a straight osteotome. The anterior
wall of the maxilla is opened with a drill and a total of
three osteotomies are performed. The first is necessary
to mobilize the entire lateral nasal wall and is per-
formed transecting the bone that limits the piriform in-
cisures laterally.

The second osteotomy is carried out in correspon-
dence with the frontoethmoidal suture 2–3�mm below
the ethmoidal arteries, gently displacing the periorbit
laterally, keeping in mind that the optic nerve is quite
close. The third osteotomy is carried out on the orbital
floor, very close to the lacrimal bone, disconnecting the
maxilla from the zygomatic bone. After these os-
teotomies have been performed, the maxilla is still in
place because the soft tissue connections have still to
be resected. By gently using osteotomes and levers, and
also scissors, the maxilla is progressively elevated and
removed. After having obtained accurate hemostasis,
the bony irregular margins are resected and smoothed
in order to avoid scar formation. At this point the sur-
gical corridor is widely open in all directions and the
sphenoid sinus and upper third clivus are the deepest
structures. This approach is generally indicated to treat
tumors located within the ethmoid and nose with in-
volvement also of the orbit

20.4.2.3 Total Ethmoidomaxillectomy

This approach (Figs.�20.4 to 20.6) allows the surgical
corridor to be tremendously enlarged compared to the
previous one since it consists of removing the entire
ethmoid and maxilla to extend the opening within the
orbit, pterygopalatine fossa and anterior skull base, and
is particularly indicated for tumors extending in these
areas. The nasal bone is disconnected from the maxil-
lonasal suture, for example the nasofrontal suture by

using a straight osteotome 10�mm in width. An os-
teotomy is performed at the level of the frontoeth-
moidal suture 2–3�mm below the ethmoidal arteries,
stopping before the optic nerve is encountered. An os-
cillating saw is generally used. A second osteotomy is
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Fig. 20.4 The green lines outline the osteotomies for the maxil-
lectomy

Fig. 20.5 The osteotomies delineated in Fig.�20.4 are being per-
formed. Different osteotomes can be used, together with the ocil-
lating saw, or drills, etc



carried out along the inferior orbital floor, close to the
lacrimal bone, extending laterally and inferiorly to dis-
connect the maxillozygomatic suture. The third os-
teotomy concerns the hard palate. After separating the
soft palate from the posterior border of the hard palate
through a transoral approach, a straight osteotome or a
Gigli saw can be used. This is inserted in the nasal
fossa in the middle of the central incisors, and is passed
through the previously performed uranostaphiline in-
cision. The hard palate is then resected on the midline.
A fourth osteotomy is performed positioning a curved
osteotome between the maxillary tuberosity and the
pterygoid plates. This maneuver has to be very gentle
in order to avoid fractures to the sphenoid bone and le-
sions of the dura, which can result in cerebrospinal
fluid leakage. 

With a strong instrument we start mobilizing the
bone, resecting using scissors all soft-tissue connec-
tions from the pterygoid muscles and soft palate. Often
the venous pterygoid plexus is bleeding at this stage
of the approach and bipolar coagulation and/or the use
of hemostatic tools is required.

After removal of the ethmoid-maxillary bony com-
plex, the nasopharynx and the central skull base are
exposed. Attention has to be paid to protecting the
carotid artery and the maxillary artery, which often has
to be clamped and ligated.

20.5 Tumor Resection

The surgeon, before performing the approach, has to
have the procedure clearly in mind. If the tumor extends
within the maxilla and surrounding structures, Curioni’s
oncological “box” concept is the best choice for the pa-
tient. This consists of total removal of the maxilla, eth-
moid, orbit, and invaded soft tissues (Fig.�20.7). Of
course, the extent of destruction is related to the histol-
ogy of the lesion. For greater enlargement of the surgical
corridor, the posterior part of the nasal septum, the
vomer and septal cartilage are removed, which also
widely exposes the nasopharynx and the paranasopha-
ryngeal space. The wide exposure achieved after total
removal of the maxilla or after the maxilla is swung lat-
erally, allows total removal of tumors such as schwan-
nomas and angiofibromas, and lymph nodes, under di-
rect vision. We consider the use of the endoscope
extremely useful; we have used this tool in every pro-
cedure and found it necessary for total tumor removal.

20.6 Reconstruction

If the maxilla has been swung laterally and peduncu-
lated as an osteocutaneous flap, it can be repositioned
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Fig. 20.6 The left maxilla has been
freed and is ready to be removed



and fixed and stabilized using titanium miniplates, as
also can the nasal bone. An inferior antrostomy is per-
formed to drain the sinus, and the mucosa of the infe-
rior turbinate can be placed as a free flap within the op-
erative field covering the nasopharynx. Also, after
extensive bone removal from the skull base, tissue
transplantation is required. We usually transplant the
temporal muscle when a total maxillectomy has been
carried out in order to fill the enormous residual space.
A question-mark skin incision is carried out in the tem-
poral region as described in other chapters of this book.
The temporal muscle is then disconnected from its at-
tachment to the temporal fossa, and reflected after
channelization of the teguments between its lodge and
the zygoma leaving intact the vascular pedicle. The
edge of the muscle is then fixed around the half hard
palate using holes that have been previously prepared
in the bone, to separate the nasal fossa from the oral
cavity. The use of the rectus abdomini muscle is also
reported in the literature. 

When the orbit floor has been removed its reconstruc-
tion is mandatory to avoid a blow-out of the bulb, using
hard enough materials. We usually use titanium mesh,
but also septal cartilage, or ceramic or dural substitutes
can be used. The lacrimal sac is identified and a dacry-
ocystorhinostomy with marsupialization is performed,
if needed. The medial canthal ligament is identified and

sutured to the periosteum. Synthetic prostheses have re-
cently been introduced and we are convinced that in the
near future they will be more extensively used.

20.7 Closure

The wide cavity is filled with a long gauze with Vase-
line and antibiotics, the extremity of the gauze being
fixed to a suture thread in order to avoid losing it within
the nasal cavity. The anterior nasal cavity is packed
with Merocel. Drains from the temporal fossa, when
the temporal muscle is transplanted, are positioned for
a couple of days. The nasal packing is removed after
five or six days. The wounds are closed with interrupted
sutures in layers. An occlusive bandage on the ipsilat-
eral eye should be left in place.

20.8 Postoperative Care

The surgical wound is dressed daily. The ocular band-
age is removed after two days and a medicated cream
is used in the conjunctival sac. The nasal packing is par-
tially removed three days later, and totally on the sixth
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Fig. 20.7 The surgical field after re-
moval of the maxilla together with the
tumor, according to Curioni’s oncologi-
cal box concept



day. The patient should avoid blowing the nose. The
suture is removed seven or eight days after surgery.

20.9 Complications

The most likely complication is hemorrhage usually
due to bleeding from the maxillary artery. If this oc-
curs, the patient is taken back to the operating room

and this artery is ligated. Another possible complica-
tion is cerebrospinal fluid leakage. A lumbar drain can
be placed for four or five days and, if the leak is not
resolved, a reoperation for leak repair should be con-
sidered. Bacterial infections are treated by antibiotics,
and a bone sequester, should it occur, should be surgi-
cally removed. The incidence of infection can be re-
duced by frequent irrigation and cleansing during the
operation. Trismus is avoided by active and passive
stretching exercises.
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21.1 Introduction

The skull base is an anatomic region that separates the
facial viscerocranium from the neurocranium. Patho-
logical processes affecting this region can arise within
the skull base or extend there by direct growth from
neighboring territories. Metastases of distant origin can
also affect this area. Pathological entities affecting the
skull basis may include dysplasia, benign or malignant
tumors, congenital deformities or inflammatory
processes [1]. Operative treatment of these pathological
processes is a challenging issue, since the cranial base
and related regions are a complex anatomical area with
structures that are critical for life and important func-
tions. As has been discussed in other chapters of this
book, during the last two decades advances in anesthe-
sia, imaging techniques, surgical technology and recon-
structive procedures including rigid fixation, bone graft-
ing and microvascular techniques, have made possible
the surgical treatment of many entities affecting this re-
gion. Development of different surgical approaches to
the skull base including midfacial translocation has
been essential to allow adequate access to this territory.

21.2 Anatomical Basis

The base of the skull can be divided by the internal
carotid artery into a central compartment and two lateral

compartments (right and left), which are further subdi-
vided into anterior, middle and posterior segments
(Fig.�21.1). The central region contains the anterior cra-
nial fossa, clivus, body of the sphenoid and the upper
cervical spine. The central anterior cranial fossa in-
cludes the cribiform plate, planum sphenoidale, orbital
roof and greater wing of the sphenoid bone. The lateral
compartment has an anterior segment which extends
from the anterior middle cranial fossa to the anterior
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(anterior, middle and posterior segments)



edge of the petrous temporal bone. This segment in-
cludes part of the greater wing of the sphenoid bone as
well as the inferior surface of the petrous temporal
bone, related to the infratemporal and retromaxillary
areas [2, 3]. Another classification considers the central
skull base as a part of the middle skull base, located in
the midline posterior to the anterior fossa corresponding
to the region of the brainstem and the pituitary gland. 

Intracranial structures related to this region are the
ventral surface of the brainstem, basilar artery, intracra-
nial optic nerve, optic chiasm and the medial aspect of
the cavernous sinus, lateral to the sphenoid sinus and
sella. The most frequent tumors affecting this area are
pituitary adenoma, juvenile angiofibroma, chordomas
and craniopharyngioma, although many different
pathological entities can affect this region. Lesions lo-
cated anterior to the neuroaxis should be approached
through an anterior access whilst the anterior segment
of the lateral compartment requires a lateral or a com-
bined anterolateral approach.

21.3 Basic Principles

According to Janecka and Tiedemann [1], there are sev-
eral principles that are applicable to cranial base sur-
gery, such as a proper sequential logic to the procedure
and an adequate exposure while minimizing brain re-
traction. Surgical access to skull-base lesions aims to
allow complete tumor removal if possible and correc-
tion of the defect with acceptable morbidity. Defect re-
construction must lead to the best functional and es-
thetic result including restoration of critical barriers [4].
Management by a multidisciplinary team is essential in
order to achieve the goals of treatment.

Following these basic principles, various surgical
approaches have been developed to access the different
parts of the skull base. Craniofacial approaches com-
bine an intracranial and a transmaxillary or transfacial
approach. Techniques such as the frontocranial or sub-
frontal–subcranial approach, the intraoral transmaxil-
lary approaches or the infratemporal fossa approach
have been described in other parts of this book. Endo-
scopically assisted approaches are also being increas-
ingly used for selected cases [5]. Transfacial swing os-
teotomies are valuable approaches to the skull base,
providing a wide exposure to facilitate tumor resection
especially in the anterior and central areas of this region
[6]. A midfacial translocation approach is based in the
principle of the displacement or disassembling of vas-

cularized midfacial composite units allowing wide ac-
cess to the cranial basis and deep facial regions and safe
reconstruction once the midfacial units are reassembled
[1, 4]. This technique was popularized by Curioni [7]
and Hernandez-Altemir, who reported in detail the
techniques of unilateral and bilateral maxillocheek flap
to approach the retromaxillary area (Fig.�21.2) [8], al-
though Krause and Heymann [9] in 1915 referred to its
description by Von Langenbeck for the excision of tu-
mors located in the nasopharyngeal area (Fig.�21.3).
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Fig. 21.2 a Unilateral technique as designed by Hernandez-Al-
temir (courtesy of the author). b Bilateral technique. The upper
maxilla and the nasal and ethmoidal structures are pedicled to the
cheek flap

a

b



Janecka and Tiedemann [1] systematized the advan-
tages of the transfacial approaches, which are related
to anatomical and embryological features:
1. Separation of the facial units in the midline or para-

median region across the lines of fusion between
embryonic facial processes is associated with low
morbidity and facilitates extensive approaches to the
skull-base regions through the division and reassem-
bly of the facial units. The blood supply to the facial
units is ensured by the external carotid artery sys-
tem, which is in a lateral to medial direction.

2. Use of the facial cavities (oronasal cavity, nasophar-
ynx, paranasal sinuses) as surgical highways
through the skull base.

3. The extracranial approaches offer less morbidity and
greater tolerance to postoperative surgical swelling
than the intracranial techniques.

4. Once the normal anatomy is reestablished through
the repositioning of the facial units, reconstruction
of facial esthetics, isolation of the neurocranium,
and the functional result will be successful in expe-
rienced hands.

21.4 Indications

Before a surgical approach to a lesion in the anterior
skull base is performed, it is important to carry out care-
ful preoperative planning, including adequate imaging

(CT scanning and MRI), angiography in selected cases
and, if possible, histological diagnosis. These methods,
which are discussed in detail in other chapters, will pro-
vide information on the location and extension of the
lesion, its anatomical relationships with vital structures
such as the carotid and vertebral arteries system, the
dura and brain and cranial nerves ( V2, V3, XII), and
its histological features, leading to the selection of an
adequate surgical approach. The selection of the surgi-
cal access will be based on the suspected histology, and
location and extension of the lesion, including the ex-
tent of dural or intradural involvement.

Anterior transfacial approaches are an excellent al-
ternative for extensive tumors affecting the central skull
base and related anatomical regions. Any part of the
orbit, maxilla or mandible can be mobilized, thus pro-
viding excellent exposure which facilitates three-di-
mensional tumor removal. The midfacial swing os-
teotomy is used mainly in the treatment of tumors
involving the lower two-thirds of the clivus, being more
effective in these cases than a maxillotomy. Techniques
such as the transnasal, transsphenoidal and transoral ap-
proaches have some limitations and are more suitable
for the treatment of small tumors [6]. Le Fort I down-
fracture is a highly cosmetic approach and offers good
access to tumors affecting the nasopharynx and central
skull base with low morbidity, but it is a poor approach
for very extensive lesions or malignant tumors affecting
these territories. In these cases, the maxillonasal cheek
flap is more versatile, since it provides wide access and
can be combined with other approaches such as an in-
tracranial approach if necessary. A partial maxillary re-
section can be included if indicated. In addition to the
treatment of tumors of the skull base, the facial translo-
cation technique can be useful in the treatment of tu-
mors of the paranasal sinuses, nasopharynx, pterigo-
maxillary and infratemporal fossa and orbit [6, 8]. The
orbital swing can be performed in order to approach
large orbital tumors lying inferior to the optic nerve and
posterior to the globe.

21.5 Surgical Technique

All patients are given a course of broad-spectrum an-
tibiotics in the perioperative period which is continued
for 48 to 72 hours postoperatively, or until the spinal
drain is removed. Anticonvulsant therapy is added if
there is a neurosurgical indication. An active infection
in the oronasopharynx area will delay surgery until it
is successfully treated.
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Fig. 21.3 Bilateral maxillocheek flap described by Krause for
the excision of tumors located in the nasopharyngeal area (from
original drawing published by Krause, 1915 [9])



21.5.1 Patient positioning

Supine on the operating table with the head secured in a
headrest, and occasionally with rigid head fixation, is
the most common surgical position for this type of ap-
proach. An alternative position for a limited midline
tumor approached transorally is the right lateral position.
Preparation of the oral cavity, face and neck is completed
with antiseptic solution and correct draping, also includ-
ing possible distant donor sites for reconstruction flaps.

21.5.2 Anesthetic Technique

Oral–endotracheal intubation must be the first option
for airway management. In some cases we could need
to perform a preliminary tracheostomy or a submental
endotracheal intubation [10]. Fixing the endotracheal
tube to the mandible molars with a wire provides sup-
plementary stability to the anesthetic framework. All
patients will have arterial as well as central venous
pressure lines. Elective hypotension is not always used.
When dural transgression is anticipated a spinal drain
may be inserted.

21.5.3 Operative Techniques

As discussed above, the facial translocation approach
is based on modular disassembly of the craniofacial
structures as units along the principal neurovascular
axis and esthetic lines. Different authors have added
terms such as “mini”, “standard” and “expanded” to the
technical variations of the facial translocation approach
during recent decades in order to improve communica-
tion and comparison between them [1, 11, 12]. Com-
plementary craniotomies or craniectomies are added to
these approaches as necessary to assist radical block re-
sections of tumors [13].

21.5.3.1 Mini Facial Translocation (Central)

This approach is used for tumors affecting the medial
orbital wall, sphenoid and ethmoid sinus, and inferior
clivus. The approach aims to achieve lateral displace-
ment of the ipsilateral nasal bone and ipsilateral nasal
process of the maxilla with its attached medial canthal
ligament, lacrimal duct and skin. The skin incision
passes along the lateral aspect of the nose and the infe-

rior aspect of the eyebrow with a triangular design at
the level of the medial canthal ligament. Premolding of
the miniplates before undertaking the osteotomies at
the glabellar region and nasal process of the maxilla
just medial to the infraorbital nerve foramen, allows
quick and accurate replacement during the reconstruc-
tion phase. Titanium miniplates are usually used, but
the use of resorbable plates can also be considered.

21.5.3.2 Minifacial Translocation (Lateral)

This approach is used for tumors located in the in-
fratemporal fossa. The craniofacial anatomy is opened
through a skin incision that runs from the inner canthus
horizontally to the preauricular area and then vertically
in front of the ear. The condyle and coronoid process
of the mandible, zygomatic arch and malar eminence
are laterally displaced or temporarily removed. Addi-
tional steps may include isolation of the intrapetrous
carotid artery, dissection of the lateral wall of the orbit
and a cavernous sinus approach. Again preplating and
repositioning the fixations after reassembling the bone
fragments is recommended.
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Fig. 21.4 Standard hemifacial translocation. Schema showing
the osteotomies



21.5.3.3 Standard Hemifacial Translocation

This approach is illustrated in Figs.�21.4 and 21.5. It is
an excellent approach to the anterolateral regions of the
skull base, especially for lesions that extend from the
nasopharynx to the infratemporal fossa [1, 8]. A tem-
porary tarsorrhaphy is advocated. The skin incision
starts at the lateral canthus and continues by the inferior
fornix of the lower eyelid through the medial canthus.
It can be extended to the preauricular area laterally. The
incision extends inferiorly lateral to the nose and in-
cludes an upper lip split. Intraorally, a vertical incision
is made in the vestibular sulcus and a paramedial
palatal incision is made extending to the ipsilateral
retrotuberosity area. While preserving the attachments
of the facial soft tissues to the underlying skeleton, the
osseous structures subjacent to the incision are exposed
including part of the zygoma, the infraorbital rim and
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Fig. 21.5 Angiofibroma of the cavum, right side. a Axial MR
image. b Unilateral facial maxillocheek flap. c Wide and safe
exposure of the tumor



the nasomaxillary area, extending inferiorly as far as
the alveolar process. Suarez et al. [14] described the re-
placement of the facial incisions by a midfacial deglov-
ing approach to avoid the sequela of facial scarring with
the facial translocation procedure.

Once the facial skeleton has been exposed, the os-
teotomies are designed and the fixation plates are
placed and removed (“preplating”) before performing
the bone cuts. The midfacial skeleton can be mobilized
pedicled to the hemifacial soft tissues according to the
different levels of the osteotomies (superiorly to the Le
Fort I level, or at the levels for the hemi-Le Fort II or
Le Fort III including a midpalatal split). The anterior
frontal branch of the facial nerve (1.5–2�cm beyond the
lateral canthus) can be used as an anatomical reference
as a fulcrum to rotate the maxilla and its overlying skin
laterally and inferiorly. The infraorbital nerve is elec-
tively sectioned along the floor of the orbit [15]. At the
end of the procedure the nerve should be repaired. After
excision of the lesion, the midfacial unit is replaced and
the plates are placed again in order to fix the osseous
structures in their previous position.

21.5.3.4 Extended Facial Translocation (Medial)

This approach incorporates the standard translocation
unit plus the nose and the medial half of the opposite
face (Fig.�21.6). It can be designed superior to the Le
Fort I level in order to rotate the nasoethmoidomaxil-
lary skeleton maintaining the alveolar process in its po-
sition or including the ipsilateral alveolar process and
palate in the mobilized unit. A paranasal incision is
placed on the contralateral side in order to expose the
ipsilateral infratemporal fossa and central and paracen-
tral skull base bilaterally including the optic nerves and
both precavernous internal carotid arteries [16]. Bony
fixation using preshaped miniplates again provides
exact and stable reconstruction of the facial skeleton
and the reestablishment of the occlusal plane if the
whole upper maxilla is included in the osteotomy.
Lacrimal structures must be maintained with temporary
bilateral lacrimal silicone stents.

21.5.3.5 Extended Facial Translocation (Medial
and Inferior)

This approach is used for exposure of the upper cervical
regions and the parapharyngeal space associated with
mandibular splitting. Transmandibular approaches are
discussed in the Chapter 22.

21.5.3.6 Extended Facial Translocation
(Posterior)

This approach incorporates the ear, temporal bone and
posterior fossa in the surgical field by extending the
skin incision of the standard translocation posteriorly,
just above the external ear. The incision then curves in-
feriorly over the occipital bone to the neck.

21.5.3.7 Bilateral Facial Translocation

This approach joins the bilateral standard translocation
with or without a palatal split. The skin incision is ex-
tended bilaterally from the outer canthus to the con-
tralateral outer canthus with a unilateral extension
through the paranasal area and the upper lip. Os-
teotomies are performed bilaterally according to the
same principles referred to concerning the standard
hemifacial technique (Fig.�21.7). This extremely wide
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Fig. 21.6 Medial extended facial translocation. Schema showing
the osteotomies



approach provides access to both the infratemporal
fossae and the central and paracentral skull base, the
full clivus, and both internal carotid arteries, allowing
excision of large lesions located in this area [1, 17]
(Fig.�21.8). With the palatal split we can approach C2–
C3, and C3–C4 by adding a mandibular split.

In all cases, an intracranial approach can be com-
bined with transfacial access if indicated [1, 18].

21.6 Reconstruction

After resection of a lesion at the skull base, correct re-
construction is essential in order to achieve a good es-
thetic and functional result and to minimize complica-

tions. The basic principles of reconstruction in this area
include:
• Repair of the dura, if necessary.
• Separation of the intradural compartment from the

upper aerodigestive tract and obliteration of the dead
space.

• Evaluation of bone defects and their repair if indi-
cated.

• Repositioning of the composite vascularized max-
illofacial units.
If the dura is damaged or resected, it must be re-

paired according to general neurosurgical techniques.
Locoregional flaps such as the pericranial flap, based
on the supraorbital and supratrochlear vessels, are meth-
ods of choice to reinforce the repair covering as a bar-
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Fig. 21.7 Bilateral facial translocation. a Incision lines. The
skin incision is extended bilaterally from the outer canthus to
the contralateral outer canthus with a unilateral extension
through the paranasal area and the upper lip. b Schema showing
the osteotomies, which are performed bilaterally. c Displacement
of facial units after osteotomies allowing wide exposure of the
surgical field
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Fig. 21.8 Aneurysmal bone cyst involving the clivus. a Preop-
erative lateral MR image showing the extensive tumor. b Frontal
MR image. c Skin incisions: intraoperative view. d Once the sub-
jacent bone has been exposed, the osteotomies are designed and
the miniplates are placed and removed before performing the
bone cuts (preplating). e Bilateral midfacial translocation show-
ing wide surgical exposure. f, g Postoperative appearance two
months after surgery
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rier the defect in the cranial base. Careful closure of the
mucosal layer of the nasopharynx and the palate is also
important. If there are bone defects in the skull base, a
good dural repair reinforced with a pericranial flap may
be enough. For defects causing distortion of facial har-
mony, such as frontal defects or large orbital defects
which can also impair visual function, repair with split
calvarial bone grafts and/or titanium mesh can provide
support for the globe and an adequate orbital volume.
The approach may be varied for the treatment of a ma-
lignant tumor if part of the bone that would be translo-
cated in the standard approach needs to be included in
the resection. In this situation, the bone is repaired ac-
cording to the methods referred to [1, 4, 6].

Postsurgical deep space needs to be avoided. If a per-
icranial or galeal flap is not enough for this purpose, the
choice after a large resection is the transfer of a tempo-
ralis muscle flap or a microvascular flap to repair the
defect. A temporalis muscle pedicled flap is based on
the deep temporal arteries. It was described by Golovine
for orbital repair after exenteration [19], and is a safe
and simple flap that can cover the dura or obliterate the
orbit or paranasal sinuses, but it has some disadvantages
including a short arc of rotation and limited volume.

Large complex defects after resection associated
with midfacial translocation approach can be recon-
structed before repositioning of the mobilized structures
using a free microvascular flap. A rectus abdominis
flap, the latissimus dorsi and the greater omentum can
be used to provide a vascularized barrier and restore the
volume after large resections. Composite osseocuta-
neous flaps, such as the scapular flap, can provide a big
volume of soft tissue combined with a bone fragment
for complex tridimensional reconstructions.

Finally, as mentioned in section 21.5 Surgical Tech-
nique, the translocated maxillofacial segments pedicled
to the soft tissues are repositioned and fixed three-di-
mensionally with micro- and miniplates if previously
preplated, leading to reestablishment of the previous
facial anatomy. Skin incisions are sutured over the
repositioned facial skeleton.

21.7 Complications and Disadvantages

As well as advantages, the transfacial approaches also
have disadvantages and potential complications. The
need for temporary tracheostomy, submental intubation
or postoperative endotracheal intubation for supple-
mentary airway management needs to be considered in

21 Midfacial Translocation Approach 317

e

f

g



order to avoid postsurgical complications related to air-
way obstruction. Contamination of the surgical field
due to exposure of the oral and nasopharyngeal cavity
and paranasal sinuses may be associated with an in-
creased risk of postoperative infection of the surgical
wound and meningitis. Cerebrospinal fluid leakage
may be associated with failure of wound closure, and
requires adequate treatment. Precise reconstruction ac-
cording to the basic principles of reconstruction re-
viewed in this chapter providing adequate separation
of the intradural compartment from the airway and
eliminating the postsurgical dead space is very impor-
tant to prevent CSF leakage and infections [1, 6, 20].

The surgical technique in the transfacial approach
needs facial incisions which have the potential to de-
velop nonesthetic scars [17], although the incisions are
placed in anatomical lines of separation of facial units.
Lesions of structures including the teeth, facial bones,
mucosal lining of the upper airway, soft and hard palate
or tongue, are also associated with the procedure.
Oronasal fistula can result after poor scarring of the
mucosa of the palate. An adequate technique can pre-
vent this complication. There are also potential risks re-

lated to the location of neurovascular structures such as
the upper cervical and petrous segments of the internal
carotid artery or the cranial nerves [1].

Temporary dysphagia, temporomandibular joint
click and transient tongue weakness have been reported
following mandibular swing procedures while midfa-
cial swing is frequently associated with epiphora, post-
operative diplopia (probably caused by temporary ex-
traocular dysfunction) and facial swelling. Temporary
postoperative lower eyelid suspension may prevent the
development of ectropion. Complications related to
failure of the osteosynthesis such as poor consolidation
or misalignment of the bony segments can occur but
severe complications are exceptional [6]. Hao et al.
have reported a morbidity rate of 31% after resection
of tumors of the paranasal sinuses and skull base via
the midfacial translocation approach, including one
case of blindness. The complication rate is higher in
those with malignant tumors [4]. Crust formation is a
postoperative complication in some patients, especially
after postoperative radiotherapy. Free nonvascularized
bone grafts are not recommended in those with previ-
ous or planned radiation therapy.
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22.1 Introduction

Lesions involving the middle cranial base, its underly-
ing volumes, and the first cervical vertebrae can be ad-
equately managed surgically by means of a series of
different approaches. These have the following basic
prerequisites: to supply adequate surgical light, to iden-
tify and preserve the neurovascular structures adjacent
to the lesion, to restore an adequate barrier between the
neurocranium and the upper aerodigestive tracts, and
to preserve both the functionality and the appearance
of the patient.

The approaches comprise a heterogeneous set of sur-
gical techniques. No clear classification has yet been
established. As a consequence, the terminology used to
describe them is often confusing.

Despite this complexity, there are basically four
ways by which the lesions (of the lateral sectors of the
infratemporal fossa and/or the middle cranial base) can
be resected: transtemporal, infratemporal, intracranial,
and transfacial. These approaches, depending on the
size and location of the lesion, may be used jointly re-
sulting in so-called combined approaches.

Transmandibular approaches, the main topic of
this chapter, tend to merge substantially with each of
the four above approaches, although transmandibular
means literally an approach involving exposure of the
lesion by more or less substantial mobilization of the
mandible portions, and consequently a transfacial ap-
proach.

However, in surgery, when the middle cranial base
is entered laterally, it is impossible to obtain complete
exposure only by mobilizing the mandible. Therefore,
it is necessary to osteotomize and remove other bone
structures such as, for example, the zygomatic arch
and/or the temporal squama. Therefore, in the literature,
approaches that should be indicated as transmandibular,
are identified by their authors with the most varied
names, sometimes creating confusion.

As mentioned above, transmandibular approaches
can be classified as single approaches (when the ap-
proach obtained by mobilizing the mandible is exclu-
sively transfacial) or as combined approaches (if the le-
sion is approached by combining mobilization of the
mandible with that of other bone structures such as the
zygoma or the temporal squama).

In addition, approaches can also be categorized as
anterior or lateral, depending on whether the initial in-
cision is carried out anteriorly in the mental region or
submandibular region or laterally in the preauricular re-
gion and extended below along the anterior margin of
the sternocleidomastoid muscle.

22.2 History

The first description of a mandibular osteotomy dating
back to 1836 is that of Roux [1] who performed a me-
dian osteotomy to approach intraoral tumors with large
dimensions and excessively rear positions, therefore re-
quiring an unfavorable transoral approach. Subse-
quently, in 1844, Sedillot [2] described a modification
of the latter approach substituting Roux’s vertical os-
teotomy with an angular osteotomy which allowed the
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bone stumps to draw nearer in a better way. As for the
mandible, these first approaches were characterized by
preservation. Indeed, at the end of the operation, the in-
tegrity was always preserved by means of gold plates
fixed with sutures.

However, in 1861, Billroth stated that radical sur-
gery might be obtained only and exclusively by surgi-
cally removing both the lesion and the nearby mandible
portion. From that moment on, partial mandibulectomy
became a genuine dogma casting a shadow on the
mandibulotomic techniques based on mandible preser-
vation.

In an article published in 1956, Conley [3] de-
scribed demolishing techniques. This article is signif-
icant for lateral transmandibular surgery and describes
a hemimandibulectomy carried out to remove lesions
in the pterygoid area and infratemporal fossa. This
highly demolishing approach remained unchanged for
more than a century, until 1971 when Marchetta et al.
reported the superfluousness of mandibulectomy if the
lesion had not encroached upon the periosteum or in-
vaded bones directly.

Mandibulotomic techniques developed in a new di-
rection. The first significant development occurred at
the beginning of the 1980s. These developments were
based on mandibular preservation. Thus, in 1981, Spiro
et al. reported their work on “mandibular swing” [4]
which represents an ideal continuation of the approach
described by Roux in the early 19th century. Many
other authors besides Spiro et al. have contributed to
developing anterior transmandibular approaches.
Among these authors there were leading figures includ-
ing Jackson and Hide [5, 6] McGregor and MacDonald
[7], Biller et al. [8] and DeMonte et al. [9].

On the other hand, there were many other authors
who contributed to lateral transmandibular surgery pro-
posing less aggressive techniques than the one de-
scribed by Conley.

Among these, Obwegeser [10] was the first to sug-
gest a series of lateral mandibular osteotomies to ease
the approach to the infratemporal fossa. He was fol-
lowed by Pogrel and Kaplan [11] who described an ap-
proach based on a horizontal step osteotomy per-
formed right above the lingula to preserve the lower
alveolar nerve.

Another approach is that described by Attia et al.
[12] who combined a horizontal osteotomy above the
lingula with a parasymphyseal osteotomy with an upper
reflection of the mandibular segment included between
the osteotomies and an incision of the oral mucosa
along the alveololingual sulcus.

22.3 Surgical Techniques

22.3.1 Anterior Approaches

22.3.1.1 Mandibular Swing

This approach is recommended to reach lesions occu-
pying the parapharyngeal space, pterygomandibular
space, and infratemporal fossa, but only lesions that are
medial to the internal carotid artery and do not extend
beyond the floor of the middle cranial fossa, and also
when there is involvement of all extra- and intracranial
structures of the cranial base lying along the midline of
the latter. This approach is not recommended when the
mandible is involved.

It is important to consider how this approach can en-
sure a simultaneous neck dissection, if necessary. First
the lower lip is incised along the midline and and the
incision is extended down below to encircle the chin
(Fig.�22.1). Then, continuing on the neck, in the sub-
mandibular region, the incision is continued horizon-
tally to the level of the mandibular angle. Then a second
incision is performed, this time endo-orally, along the
gingival fornix starting from the lower labial frenulum
to the homolateral mandibular angle. In the midpoint of
the exposed mandible, the periosteum is incised verti-
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Fig. 22.1 Anterior single transmandibular approach; skin inci-
sion with lip-splitting, and mandibulotomy



cally and lifted to expose 2�cm of bone. The mental
nerve is identified and preserved. Deep submandibular
dissection is then performed through the platysma mus-
cle in order to stage a superior base myocutaneous flap.
Dissection is continued below the platysma and the su-
perficial layer of the deep cervical fascia. The marginal
branch of the facial nerve is identified and preserved.
At this point, the submandibular space is at the level of
the submandibular gland and mylohyoid muscle. Before
continuing with the mandibular osteotomy, plates are
molded and holes are made for screws (preplating) in
order to achieve the best repositioning of the bone
stumps at the end of the procedure.

Then, with a small saw a median osteotomy is car-
ried out, passing through the two front incisors, or al-
ternatively the medial incisor must be extracted and the
osteotomy carried out through the alveolus of the ex-
tracted tooth. It is also possible to perform a parame-
dian osteotomy between the lateral incisor and the ca-
nine tooth. While the mandible is retracted laterally, an
incision is performed along the lateral buccal pelvis to
the retromolar region. This region is linked to the sub-
mandibular dissection to ease the lateral displacement
of the mandible. In order to close at the end of the pro-
cedure, it is important to leave on the mandible lingual
face an adequate mucosa cuff and mylohyoid muscle.
To further improve the lateral movement of the
mandible and enhance surgical light, the lingual nerve
can be dissected. In some cases when the approach is
not perfectly adequate, the lingual nerve can be sec-
tioned so that it can be reanastomosed at the end of the
procedure. The approach to the parapharyngeal space,
infratemporal fossa and cranial base is obtained by sec-
tioning the medial pterygoid muscle and the spheno-
mandibular ligament. The styloid process is identified
and the insertions of the stylohyoid, stylopharyngeal
and styloglossus muscles are disinserted.

For tumors extending towards the midline of the cra-
nial base, it is possible to widen the operating field by
performing an intraoral incision along the palate and
pterygoid laminae about 1�cm medial to the gingival
margin. A hemipalatal flap can then be lifted sacrificing
the major palatine artery and the nerves on the side of
the dissection. Once the level of the parapharyngeal
space is reached by blunt dissection, it is necessary to
create a surgical space behind the middle and upper con-
strictor muscles and above the hypoglossal nerve. The
dissection must be extended between the paravertebral
fascia and the constrictor muscle in order to emphasize
the styloglossus and stylopharyngeal muscles together
with the glossopharyngeal nerve. Following incising

these structures, retraction towards the opposite side of
the oropharynx will provide a wider dissection plan.

To detach the rhinopharynx from the cranial base
without damaging the mucosa and muscles, the eu-
stachian tube and both palatine muscles must be inter-
rupted. Once the cranial base is detached, the rhinophar-
ynx too must be moved contralaterally in order to
expose the upper cervical spine, the clivus, and the cen-
tral portion of the cranial base.

Several reports of the use of the mandibular swing
approach can be recommended [8, 9, 13, 14].

22.3.1.2 Transmandibular Approach
Without Lip-Splitting

This technique [15] was introduced in order to carry
out a neck dissection en bloc with tumor removal. It is
based on two skin incisions, a vertical one extending
from the mastoid to the clavicle, and a horizontal one
in the submandibular region perpendicular to the first
(Fig.�22.2a). For bilateral neck dissection, the same in-
cisions are performed bilaterally. Once the mandibular
region is reached, it is possible to isolate and preserve
the marginal branch of the facial nerve, either by di-
rectly visualizing it or by previously finding, ligating
and overturning the facial vessels at the level of the
submandibular lodge. The periosteum of the external
face of the mandible is incised and detached from the
bone, but only when the periosteum is not contaminated
by the tumor. In edentulous patients a transoral incision
is placed along the mucosa of the alveolar arch or, in
those with dental elements still present, along the gin-
gival fornix. If the tumor has spread laterally to involve
the cheek mucosa, the incision is placed with an appro-
priate safety margin. In this way, a tunnel is created
below the healthy tissue.

If the masseter muscle is not contaminated by the
neoplasia, it can be preserved and detached from the
ascending branch of the mandible reaching the sigmoid
incisure or further (only if the condyle must be resected
as well). The cheek soft tissues, the masseter muscle,
and the parotid gland, reflected at the top and laterally,
determine a perfect exposure of the hemimandible.
Mandibular osteotomies are carried out in the desired
position. Usually, one osteotomy is carried out at the
level of the mental foramen, and the other is performed
just below the sigmoid incisure (Fig.�22.2b). These os-
teotomies, combined with the osteotomy of the ptery-
goid lamina, allow the infratemporal fossa to be man-
aged easily.
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22.3.1.3 Bisagittal Transmandibular Approach

This approach has been reviewed by Vishteh et al. [16].
The mucosa is incised at the level of the retromolar

trigone along the external oblique line of the right
mandible. By detaching the subperiosteum, the
mandibular branch and body can be exposed and the
retractors positioned. The lingula is identified medially

avoiding the vasculonervous bundle which, at this
level, enters the hemimandible. Then, the latter is split.
The osteotomy (Fig.�22.3) is performed with a drill or
a reciprocating saw and the procedure is concluded
with thin osteotomes starting from the medial cortex
above the lingula along the anterior margin of the
branch lateral to the second or third molar and reaching
the lateral cortex. The same procedure is carried out
contralaterally. The mandible is thus diverted to the bot-
tom. At the end of the procedure, bone segments must
be brought close and fixed with moldable titanium
plates or with transcortical screws.

In order to make sure that the mandibular condyles
are repositioned in their original place, preplating is
possible. This is done if plates are used for fixing the
mandible or for condylar reference when transcortical
screws are used. This technique, modified from orthog-
nathic surgery, provides good exposure of the cran-
iovertebral joint beginning with exposure of C1, C2,
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Fig. 22.3 Bilateral sagittal split osteotomy. a Dashed lines mark
the mandibular osteotomies. b The mandible is spletted preserv-
ing V3

a

b

Fig. 22.2 Anterior transmandibular approach without lip-split-
ting. a Skin incision. b Parasymphyseal and horizontal mandibu-
lotomies, below the sigmoid incisure

a

b



and the C2–C3 intervertebral disc, and in some cases,
also most of the body of C3. The advantage of this tech-
nique is that it is less invasive than mandibular swing
and it leaves no visible scars since the incisions are en-
dooral. The only drawback is the possibility of damag-
ing the lower alveolar nerve or the lingual nerve.

22.3.2 Lateral approaches

22.3.2.1 Transmandibular Approach
According to Conley

The approach described by Conley in 1956 [3] involves
a vertical skin incision from the labial commissure to
the submandibular region continued horizontally to the
homolateral mandibular angle. At this level, the incision
is linked with a second incision, a preauricular pretragal
and hemicoronal homolateral incision (Fig.�22.4).

Thus, two skin flaps are prepared: an upper flap en-
abling exposure of the temporal bone, the zygoma, and
the parotid gland (the latter is isolated preserving the fa-
cial nerve in its context), and a lower flap enabling ad-
equate exposure of the mandible, upper hyoid space, and
oropharynx (Fig.�22.4b). Subsequently, the zygomatic

arch is osteotomized, and thus removed (Fig.�22.4c).
Next, the temporal squama of the temporal muscle is
disinserted, this time keeping its insertion at the level
of the coronoid and allowing it to be overturned below.
Then, the mandibular body is osteotomized and the
condylar head of the glenoid cavity disinserted. At this
point, complete exposure of the structures present in the
upper hyoid space, the oral pelvis, the pharynx, the in-
fratemporal fossa and the middle cranial base has been
obtained.
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Fig. 22.4 Conley’s lateral transmandibular approach. a Skin in-
cision. b Intraoperative view; note preservation of the parotid
gland. c Parasymphyseal and zygomatic arch osteotomies

a

b
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22.3.2.2 Transmandibular Approach
According to Obwegeser

This approach was originally described by Obwegeser
in 1985 [10]. It consists of a pretragal preauricular in-
cision extended posterosuperiorly following the curva-
ture of the helix for about 2.5�cm. From this point, it is
continued upward, posterior to the hairline. It is contin-
ued parallel stopping just above the external angle of
the homolateral orbit (Fig.�22.5a). A skin flap is pre-
pared allowing the temporal muscle to be exposed. At
this point, the orbital margin and zygoma become visi-
ble within the operating field. Therefore, in order to ex-
pose the upper half of the mandible branch, the zygo-
matic arch and bone are osteotomized (Fig.�22.5b, c).
These are then downturned, keeping them pedicled to
the masseter muscle. In order to obtain the largest oral
opening, a bite block is first placed. The coronoid
process is then mobilized and rotated upwards, since it
is connected to the temporal muscle.

The next step is ligation of the internal maxillary ar-
tery as well as the section of the pterygoid muscles. Ex-

cept for the maxillary nerve (V2) and the main branches
of the mandibular nerve, there are now no important
structures between the eye of the operator and the
tuberosity of the maxillary. If a malignant tumor has been
found preoperatively to extend backward to the internal
carotid, instead of removing just the coronoid, the
mandibular branch can be mobilized by means of an os-
teotomy performed horizontally above the spine of Spix.
Subsequently, the branch on the temporal bone is over-
turned after disarticulating the condylar head. When the
third branch of the trigeminal cannot be preserved, an
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Fig. 22.5 Obwegeser’s lateral transmandibular approach. a Skin
incision. b Zygomatic arch and subcoronoid osteotomies. c Vari-
ation for a wider exposure: horizontal subsigmoidal instead of
subcoronoid osteotomy; the condyle is disarticulated

a

b

c



oblique osteotomy can be performed at the level of the
mandibular angle, sectioning V3 shortly after it enters the
mandibular canal, thereby mobilizing a greater portion
of the mandible to the advantage of a brighter surgical
field. Moreover, manipulating the temporomandibular
joint can be avoided by simply making an additional in-
cision above the condylar head. This way, the mandible
branch can be mobilized respecting the joint.

If only the condyle is mobilized but the approach
gained is inadequate, the mandible branch can be re-
moved with or without the condyle and kept in Ringer’s
solution. The mandible branch is then repositioned at
the end of the procedure following the above instruc-
tions. At this stage of the dissection, the middle cranial
base can be entered.

22.3.2.3 Transmandibular Approach with
Double Mandibular Osteotomy and
Additional Coronoidectomy

This approach is discussed by Lazaridis and Antoniades
[17, 18].

The skin incision envisaged for this type of ap-
proach is extended from the helix root, along the
preauricular fold, and protracted below encircling the
ear lobe up to above the apex of the mastoid. Then, it
is bent down and forward along the neck in the sub-
mandibular region as far as the mental symphysis. The
skin flap is prepared, and then mobilized by rotating it
anteriorly, thereby exposing the parotid gland, the ster-
nocleidomastoid muscle, the great auricular nerve, and
the cartilage of the external auditory canal. The great
auricular nerve and the external jugular vein are then
isolated and preserved so that the lower pole of the
parotid gland is freed, and the posterior belly of the di-
gastric muscle is exposed near its insertion to the mas-
toid. The fascia between the parotid gland and the car-
tilaginous portion of the external auditory canal is
dissected and the parotid lobe is moved anteriorly to
emphasize the cartilaginous pointer. Thereby the main
trunk of the facial nerve is identified and demarcated
by standard methods, thus improving its control during
the procedure.

The submandibular skin flap is then prepared and
rotated below towards the hyoid bone and above to-
wards the mental symphysis. The plane below the
platysma muscle must be followed and the marginal
mandibular nerve of the facial nerve preserved.

At this point, mandibular osteotomies are carried
out. The first is performed at the symphysis level ante-

rior to the mental foramen between the canine and the
first premolar to preserve the lower alveolar nerve. The
second is carried out from the mandibular angle to the
sigmoid incisure, after disinserting the masseter mus-
cle. This submasseter dissection avoids damage to the
facial nerve branches.

The next osteotomy is carried out at the base of the
condyle to preserve the sensitivity of the mandible and
lower lip. Finally, a coronoidectomy is performed to
improve mandible mobility. The osteotomized
mandibular segment can now be freed from the perios-
teum on the lingual side and rotated superiorly, thus
paving the way for the approach to the deep parotid
lobe, the eustachian tube, and the cranial base.

After removing the lesion, the mandible is reposi-
tioned and fixed using titanium plates, thus restoring
the patient’s regular occlusion. A draine is then placed
and suturing is carried out by planes.

In another version of this technique, a vertical sub-
sigmoid osteotomy is performed instead of the
condylectomy.

22.3.2.4 Transmandibular Approach
with Twofold Vertical Branch
and Parasymphyseal Osteotomy

This approach is discussed by Lazaridis and Antoniades
[18] and Smith et al. [19].

The patient is supine with the neck extended and
head rotated towards the contralateral side. The inci-
sion is place along the cutaneous folds of the neck
from the mastoid process to the chin. After separating
the subcutis, a skin flap is lifted to the subplatysmatic
subfacial plane, identifying and preserving the mar-
ginal nerve. Once the carotid fascia is exposed, the in-
ternal jugular vein, the internal and external carotid ar-
teries, and the hypoglossal, accessory and vagus nerves
are identified and preserved. The periosteum is incised
on the lower margin of the mandible. The mandibular
branch is approached through dissection of the mas-
seter muscle from its insertion at the mandibular angle
to the sigmoid incisure, thereby avoiding damage to
the facial nerve.

The antilingular prominence on the lateral surface
of the mandible, which is considered to indicate the po-
sition of the lingual nerve where the lower alveolar
nerve penetrates the mandibular canal, is identified.
The vertical subsigmoid osteotomy is delineated to lie
posterior to the lingula in order to preserve the sensi-
tivity of the mandible and lip (Fig.�22.6). The position
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of the mental nerve is traced by accurately dissecting
the periosteum at the level of its exit from the mental
foramen. Consequently, a second osteotomy is demar-
cated anterior to the mental foramen, between the ca-
nine and the first molar. Before concluding the os-
teotomy, the titanium plates should be molded
(preplating) in order to restore the patient’s physiolog-

ical occlusion. Once the osteotomy sites have been
marked on the bone, the osteotomies are started using
an oscillating saw or a thin bone cutter. The resulting
mandibular segment is moved above and behind, where
the bone part connected to the condyle is shifted poste-
riorly by levering up on the temporomandibular joint.
Once the lesion has been removed, the mandibular seg-
ments are brought back together and fixed with the pre-
viously molded titanium plates.

22.3.3 Combined Approaches

22.3.3.1 Lateral Combined Transmandibular
Approach

This approach, described by Sekhar et al. in 1987 [20],
begins with a hemicoronal homolateral incision at the
lesion. The incision is extended to the preauricular and
pretragal region and extended inferiorly on the neck
along the anterior margin of the sternocleidomastoid
muscle (Fig.�22.7a). This is one of the author’s favorite
approaches. It can be performed using various ap-
proaches: single, lateral transfacial, or combined an-
terolateral transfacial, when dealing with a large num-
ber of lesions not involving, or worse, not encroaching
on the middle cranial base but massively occupying the
infratemporal fossa.

The transcranial–facial combined approach in most
cases enables the removal en bloc of intra- and ex-
tracranial neoplastic lesions that are widely spread. This
approach also allows the internal carotid artery to be
mobilized, and, if necessary, substituted. A cervicofa-
cial skin flap is separated from the temporal fascia, the
fatty tissue, and the deep fascia of the neck. It is then
rotated forward. The main trunk of the facial nerve and
its major branches are then identified starting from the
stylomastoid foramen to the parotid gland. These
nerves are preserved leaving as much tissue as possible
around them. To avoid traction on the facial nerve,
when the mandible is dislocated, it is necessary to sep-
arate the parotid gland from the underlying masseter
fascia, where the nerve passes.

At this point, once the facial nerve is safe, the zygo-
matic arch is osteotomized anteriorly and posteriorly, so
it can be temporarily removed (Fig.�22.7b). Then the
temporal muscle and fascia are mobilized and the inser-
tion at the level of the temporal crest incised so that they
can be lifted from the temporal fossa. In some cases that
involve the orbit, the upper and lateral orbit walls may
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Fig. 22.6 a Smith’s approach: vertical ramus and parasymphy-
seal osteotomies. b Lazaridis’ modified Smith’s approach: double
mandibular osteotomy, vertical ramus and parasymphyseal, is
combined with a subcoronoid osteotomy to improve mandibular
mobility
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also be osteotomized and temporarily removed to ap-
proach the orbit. The mandibular condyle and the tem-
poromandibular joint capsule are then dislocated an-
teroinferiorly, after disconnecting the insertions of the
stylomandibular and sphenomandibular tendons from
the mandible. To gain more space, or if reconstruction
with a free muscle flap is planned, the mandibular
condyle may also be removed (Fig.�22.7b). Condylar
dislocation or removal is essential to have complete con-
trol of the infratemporal fossa and the anatomical struc-
tures present in it, including the lower portion of the
middle cranial base. Having done that, the neck is dis-
sected to expose the internal carotid artery, the internal
jugular vein, and cranial nerves X, XI, and XII.

The next surgical step consists of preparing a small
frontotemporal bone flap. Two osteotomies are per-
formed with an oscillating saw. The first is medial to
and the other posterior to the glenoid fossa. The entire
bone flap is removed together with the root of the zy-
gomatic arch and the glenoid fossa. Then the dura of the
middle cranial fossa is separated from the bone in order
to expose the arcuate eminence, the middle meningeal
artery, V3, and the major superficial petrous nerve. The
meningeal artery must be coagulated and sectioned,
whereas the major superficial petrous nerve is dissected
to avoid traction on the geniculate ganglion. The great
wing of the sphenoid is removed, and the oval foramen
emphasized laterally and anteriorly, the round foramen
medially, and the upper orbital fissure inferiorly.

The second branch of the trigeminal will now be
easily visible in the pterygopalatine fossa, and V3 will
be exposed from its original point to its branching into
the infratemporal fossa. The upper orbital fissure and
the optic nerve canal can be decompressed by remov-
ing the orbital plate from the frontal and the small
wing of the sphenoid bone. At the level of the middle
cranial base floor, the bone portion medial to the gle-
noid fossa must be removed. The bone component of
the eustachian tube and the tensor muscles of the tym-
panum are then exposed and sectioned. In this phase,
great care must be taken not to damage the internal
carotid artery.

The genu of the intrabone portion of the internal
carotid artery lies medial to the eustachian tube, cov-
ered by a thin layer of bone. Here exposure of the artery
is started following its passage below and above. Care
must be taken when removing the posterosuperior bone
portion at the genu of the internal carotid artery since
this is where the cochlea and the geniculate ganglion
of the facial nerve are located. Furthermore, particular
accuracy is needed when mobilizing the carotid canal

artery to avoid damage to V3, which can be removed if
it is infiltrated.

The mobilized artery must be moved forwards to
protect it from possible damage. By removing the
petrous bone medial to the carotid canal, as well as the
apex region posterosuperiorly to the horizontal segment
of the petrosal tract of the internal carotid, the petro-
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Fig. 22.7 Approach of Sekhar et al. a Coronal incision extended
to the neck. b Osteotomy lines: the frontotemporal osteotomy is
optional for middle skull base removal
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cervical synchondrosis and the clivus are exposed. As
a consequence, they are visible within the operating
field. At this point, the clivus bone can be removed to
expose the dura from the petrosal apex of the great fora-
men. Caution is necessary when removing the bone
near the occipital condyle to avoid damaging cranial
nerves IX, X, XI, XII and the jugular bulb. Moreover,
this approach allows removal of the superior part of the
atlas anterior arch and the apex of the odontoid process.
With the removal of the sphenoid at the base of the
pterygoid process and medial to V2, the sphenoid sinus

can be exposed. The sphenoid lateral wall can be com-
pletely removed with this approach. However, in order
to ensure optimal exposure, V2 may be sectioned and
then reanastomosed at the end of the procedure.

This approach can be performed either sacrificing
or preserving the parotid gland. For the latter, the facial
nerve branches are identified and dissected so there is
a better view of the infratemporal fossa, even at the ex-
pense of greater stress on the facial nerve.

Figure�22.8 shows surgical planning and intraoper-
ative photographs of this approach.
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Fig. 22.8 a Surgical plan for the approach of Sekhar et al.; zy-
gomatic and mandibular osteotomies are marked in green. b In-
traoperative view: the parotid gland was sacrificed but the facial
nerve was preserved; after soft tissue dissection and bone re-
moval the middle skull base is widely exposed. c Under-view of
the middle skull base
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22.3.4 Mandibular Subluxation

Mandibular subluxation can be mono- or bilateral, de-
pending on whether just the temporomandibular joint
homolateral to the lesion is subluxed or both joints are
subluxed. To maintain the mandible in its position, it
might be useful to previously place an orthodontic arch.
If such an arch is not available, the subluxed mandible
can be stabilized by fixing it to the lower dental ele-
ments, or in edentulous patients by means of mandibu-
lar wiring suspending it to the anterior nasal spine. In
the first case, on the lesional side, a metal wire is fas-

tened by means of a steel ring to the first or second
lower premolar. A second wire is similarly fastened on
the opposite side to the first or second contralateral pre-
molar. In edentulous patients or those suffering from
paradontopathy, a metal wire is positioned on the le-
sional side around the mandibular body. Then the sec-
ond wire is fastened to the lower nasal spine.

If the mandible is subluxed, 10 to 20 minutes are
needed to obtain complete subluxation. The metal wires
placed are interwoven to gain stabilization. In patients
with an orthodontic arch, stabilization is obtained by
means of elastic or steel wires fixed to the upper arch.
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23.1 Introduction

Breakthrough of the cranial base because of chronic in-
fections, fistulae, previous trauma or craniofacial re-
sections without proper reconstruction leads to a high
risk of life-threatening complications such as meningi-
tis, brain abscess, cerebrospinal fluid leakage, vascular
injury and neurological injury [1, 2]. Other complica-
tions such as osteomyelitis, ocular dystopia and distor-
tion of facial morphology may occur if proper recon-
struction is omitted. These complications may also
delay the start of planned postoperative radiation treat-
ment or chemotherapy.

In order to reduce the incidence of these problems,
accurate planning of reconstruction is mandatory. The
key point is to separate the endocranial contents from
the pharynx and external environment by means of well
vascularized tissue. The use of local flaps such as the
pericranium, galea and temporal muscle is the first
choice in most cases. If these flaps are not available due
to previous surgery or radiotherapy, or because the
amount of material is insufficient to adequately obliter-
ate the residual spaces, microvascular flaps must be
transferred to the cranial base. These are more reliable
than pedicled flaps and their versatility ensures that dif-
ferent tissue components reach the cranial base. This is
the reason for the enormous spread of microvascular re-
constructions of the cranial base during the last 15�years.

Significant bone loss may lead to encephalocele
through the anterior cranial base or may lead to ocular

dystopia and facial disfigurement. In such cases, bone
reconstruction must be accomplished. The best way is
by harvesting and modeling bone grafts. Alloplastic ma-
terials may be considered under certain circumstances.

23.2 History

Removal of craniofacial tumors and other pathologies
of the skull base often leads to huge losses of substance.
Exposure of the dura mater and its partial removal is
the reason for the high incidence of infection extending
to the brain through the defect of the cranial base.

The first goal is to ensure dural closure primarily by
simple suturing to separate at least the intradural spaces
from the extradural ones. If this is not possible, the use
of skin grafts has been proposed. Ketcham et al. [3] first
reported the inadequacy of skin grafts in ensuring dural
closure. These authors found a high percentage of pa-
tients with postoperative liquorrhea, a predisposing
condition for ascending infections. Also, nonvascular-
ized tissue may easily be colonized by bacteria, becom-
ing a medium for their growth instead of antagonizing
it. So the use of grafts directly exposed to the pharynx
without any vascular diaphragm between the intracra-
nial and extracranial spaces ends up as a factor leading
to infections.

Later, the first attempts were made to separate the
dura, repaired or simply exposed, from the extracranial
spaces by means of vascularized local flaps [4]. In this
way bacteria-laden secretions from the sinuses, nasal
cavity and mouth could be properly isolated and coun-
tered by immune factors conveyed by the blood system.
The recognition of the importance of vascularization
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was a great input to this surgery, leading to a high level
of control of potentially lethal infections.

Still, there are situations where the use of local flaps
was not possible. These are mainly when previous sur-
gery, scars or radiotherapy have damaged the vascular-
ity of the flaps. In other cases regional flaps that would
be suitable have already been used and are no longer
available for reconstruction. Finally, some losses of sub-
stance are simply too large to be filled by a local flap.

The development and wide use of myocutaneous
pedicled flaps seemed to be the answer to these prob-
lems. Pectoralis major, latissimus dorsi and trapezius
flaps became quickly popular due to their well-known
reliability and ease of harvesting. Unfortunately, while
the vascular supply to these flaps is guaranteed when
they are utilized in nearby regions, more distal dissec-
tion of the flap in order to reach the cranial base fre-
quently leads to partial necrosis of the flap. This is
clearly indicated by the studies of Taylor and Palmer
[5], who demonstrated that a flap extended as far as its
third angiosome is less reliable. The practical conse-
quence is that the distal part of the flap, the one reach-
ing the cranial base, is the part that necrotizes in the
event of partial flap loss, leaving the patient without ef-
fective reconstruction [6]. Other problems with pedi-
cled flaps reaching the cranial base include detachment
of the flap itself due to its weight, and retraction caused
by scarring. In addition to this, reconstructions often
have to be made in two steps: setting the flap and de-
tachment/modeling of the flap 30–50�days later. This
period of time is hard for patients, who are forced into
an uncomfortable position and require a long hospital-
ization time. Failure of reconstruction after some weeks
leads to a psychologically difficult situation both for
the patient and the surgeon.

Finally, the advent of microvascular reconstruction
gave rise to a new era with a higher reliability of recon-
struction, and the ability to solve the problem of recon-
structing the cranial base when local flaps are not fea-
sible [7]. Technically, a watertight seal is easier to
obtain with free flaps than with pedicled ones, because
those have a cumbersome muscular pedicle.

23.3 Grafts

Grafts for reconstructing the anterior cranial base are
mainly used in two different situations: when defects
of the dura cannot be repaired directly and when bone
loss would cause distortion of the facial morphology or

alter the position of the eyeball. More rare is the indi-
cation to reconstruct the lamina cribra to prevent post-
operative encephalocele; this type of reconstruction is
used when the entire lamina is resected.

In the early days of cranial-base surgery, only the
need to repair lacerations of the dura mater or losses of
substance was recognized. So dural repair was accom-
plished by direct suturing or, when large areas of dura
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Fig. 23.1 Cocaine-addicted patient with resorption of the max-
illa, soft palate, nasal bone and septum, lamina cribra and left
papyracea, the frontal bone and the left eyeball. The patient de-
veloped an encephalocele (arrow) and was treated by local flap
transposition during a first operation and by joining two tempo-
ral flaps on the midline during a second operation. Finally the
situation was addressed utilizing a fasciocutaneous forearm mi-
crovascular flap

Fig. 23.2 MR image of the encephalocele



had been resected, patches of different tissues were
used to cover the defects. These mainly comprised the
pericranium, fascia lata, or bovine pericardium. The
need for a watertight closure of the dura mater became
universally recognized, but its description is beyond the
scope of this chapter.

Once the dura is repaired or is simply exposed
through the cranial base, even a small defect in the cra-
nial base should be repaired to provide a better seal to
prevent cerebrospinal fluid leakage and to separate bac-
teria-laden spaces from the sterile intracranial compart-
ment. Initially a simple graft, without any vasculariza-
tion, was employed. The tissue generally chosen was
pericranium, a piece of temporalis muscle, fascia tem-
poralis, fascia lata, fat, or skin. Sometimes a temporary
nasal packing was added to stick the graft in place until
healing occurred. All these practices might increase the
risk of infection and necrosis of the tissues transposed
as a nonvascularized environment without the possibil-
ity for pus to drain are conditions that favor ascending
infections and liquorrhea.

Because of extensive bacterial colonization of the
pharynx, grafts should be used in cranial base recon-
struction only when external contaminated environ-
ments have not been opened or when a good simultane-
ous vascular seal is guaranteed by a vascular flap. These
considerations apply not only to soft tissue grafts but
also to reconstruction of bony structures. The argument
is widely discussed in the literature, some authors being
strongly in favor of bone reconstruction [8] while others
judge it to be unnecessary in most circumstances [9].
Others stress the risk of infection of bone grafts and sec-
ondary osteitis if radiotherapy is to follow surgery [10].
However, when bone grafts are adequately covered by
well-vascularized tissue, all these risks are limited.

The precise restoration of the anatomy of the re-
gions involved in surgery is fundamental for the
restoration of integrity both in terms of morphology
and functionality.

Complete removal of the lamina cribra may lead to
herniation of the cranial contents (Figs.�23.1 to 23.10).
A soft tissue flap together with a dense grid of thick
stitches can isolate the brain from the pharynx with sub-
sequent formation of a strong scar. This may be suffi-
cient for moderate defects, but has a high risk of en-
cephalocele formation if the entire loss of the structure
occurs, predisposing to potentially life-threatening as-
cending infections. In these circumstances, reconstruc-
tion is indicated.

Gross defects of the orbital roof also lead to deficits
of the endoorbital structures. The usual consequences

are bulbar dystopia, diplopia, transmission of cerebral
pulses, and ophthalmoplegia because of scarring of the
extrinsic ocular musculature. The anterior two-thirds of
the orbital roof comprises the frontal bone and the pos-
terior third the lesser wing of the sphenoid. The poste-
rior two-thirds of the lateral wall comprises the great
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Fig. 23.3 The communication between anterior cranial fossa and
the pharynx once the encephalocele had been reduced

Fig. 23.4 The forearm free flap harvested

Fig. 23.5 The forearm free flap set in place to fill the defect and
separate the intracranial and extracranial spaces



wing of the sphenoid. These structures are fundamental
to the separation of the orbital contents from the frontal
lobes and the temporal lobes. Their removal entails
negative effects on the eye with downward and forward
bulbar dystopia, diplopia, transmission of cerebral
pulses and occasional partial or complete ophthalmo-
plegia due to fibrosis of the oculomotor muscles. The

orbital walls must be reconstructed to avoid those se-
quelae. This is mandatory in cranial base surgery for
benign neoplasms and malformations [11]. The role of
bone reconstruction is more controversial in surgery for
malignant tumors. This is because the complexity of
the region to be reconstructed leads the surgeon “not to
dare too much”. In fact in such cases resection leads to
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Fig. 23.6 Three months later, working in a sterile environment,
the lamina cribra (a arrow) and the front (b) were reconstructed
using calvarial grafts

Fig. 23.8 Postoperative CT image

Fig. 23.7 During a following operation, the midface was recon-
structed by placing a fibula free flap for the nose and a second
fibula free flap for the maxilla and soft palate
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loosing of a huge component of soft tissues. So it is
more difficult to guarantee a perfectly hermetic cover-
age of the bone graft, a condition necessary to prevent
infection and subsequent loss of the bone itself. The
other reason is that radiotherapy is frequently indicated,
and is a cause of secondary osteitis of the grafted bone
that may lead to the necessity to remove it.

Bone loss may be replaced by numerous materials,
bone graft being the first choice while alloplastic mate-
rials are used in selected cases [12]. The bone graft is
preferably harvested from the internal cortex of the tem-
poroparietal squamae in adults. This avoids a second sur-
gical site to be worked on. If a greater quantity of bone
is required, the ilium may be considered because it is
pliable and therefore easier to model, and because of the
great amount of bone available. This can be harvested
as a single cortex graft, a bicortical piece or a piece in-
cluding the iliac crest to produce, for example, a better
reconstruction of the orbital rim. The bone can be har-
vested simultaneously while another team is working on
the head. However, the use of the ilium involves a sec-
ond surgical site with the associated morbidity.

Ribs are preferred in children, because it is generally
very difficult to split the calvaria in this patient group,
and the removal of bone from the ilium may disturb the
growth of the pelvis. If more than one rib is necessary,
they should not be contiguous and they can be taken
with very little morbidity.

If a free flap is planned, one of the best multiple
component donor sites is the lateral thoracic wall. In
this case a latissimus dorsi free flap can be harvested
when soft tissues are missing, and one or more ribs can
be taken for bone reconstruction. The ribs are split in
order to better curve the bone to mimic the orbital walls
and to reduce the amount of bone taken. Other ribs can
be shaped all in one to cover calvarial defects. Partial
resorption of the split ribs may occur over the years,
though this has not been documented among our pa-
tients. However, quick vascularization of the graft is
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Fig. 23.9 The patient before (a) and after (b) midface reconstruction

Fig. 23.10 Smiling after implantoprosthodontic rehabilitation
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ensured by the porous structure of the ribs and their po-
sition surrounded by well-vascularized tissues.

Reconstruction of the roof of the orbit must proceed
in anteroposterior direction as far as the bottom of the
orbital cavity, leaving only a space to recreate the optic
canal and superior orbital fissure. The correct position
of the roof and of the orbital walls generally is better
recreated by comparison with the other side (when this
has not also been resected). So a bilateral exposure of
the region is generally preferable to optimize the recon-
structive results. The upper third of the face must be
free of cover when preparing the surgical field. Thus
the eyeball position can be checked at the end of orbital
reconstruction, and this will allow the correct position
of the eyeball to be easily maintained, and most ocular
complications are limited.

The stability of reconstruction is ensured by recreat-
ing precisely the anatomy of the roof and fixing the bone
graft to the buttress of the lateral and medial walls using
mini- and microplates and screws. Modeling calvarial
grafts may be more challenging due to their low plas-
ticity compared to rib grafts. Nevertheless, it is possible
to obtain similar results utilizing calvaria to those ob-
tained using the ribs. The time for neovascularization is
definitely longer, and indeed may take more than a year.
This must be taken into account when radiotherapy may
be the next therapeutic option. In fact nonvascularized
bone is more likely to be damaged by radiation.

Many alloplastic materials such as titanium mesh, hy-
droxyapatite, bone cement, plastic and acrylic materials
have been proposed as substitutes for bone grafts. The
use of these materials generally allows saving of surgical
time while reducing morbidity at the donor site. Prefab-
ricated and computer-generated materials have recently
been described [13]. A clear indication is secondary re-
construction of larger areas of substance loss or recon-
struction of esthetically challenging regions such as the
supraorbital rim, where a good profile is easily achieved
using this methodology. The use of alloplastic materials
also avoids the harvesting of large amounts of bone.

The main risk in the use of alloplastic materials is
postoperative infection that invariably leads to loss of
the reconstruction. Later extrusion of the reconstructive
materials is rare if they are well covered by vascular-
ized soft tissues.

The lamina cribra is a structure often affected by
trauma, osteotomies, and resections. Its partial loss or
monolateral removal seldom needs to be reconstructed
by bone [14]. Generally the interposition of a vascular-
ized local flap or microvascular flap is sufficient to pre-
vent most local complications. When the entire lamina

is missing, the risk of brain prolapse through the ante-
rior cranial base is too high and bony reconstruction is
mandatory. Isolation of bone from the source of bacte-
rial contamination is accomplished by interposition of
vascularized tissue and cranialization of the frontal si-
nuses when these are opened. If preexisting infection
is present or there is incomplete separation from the
pharynx by the flap, bone reconstruction should be de-
layed for a few months. Generally a single layer of in-
ternal cortical cortex is enough to fill the defect.

When part of the frontal bone is missing, there may
be a consequent esthetic deficit. The best way to restore
its integrity is to use bone grafts split from the parietal
calvaria. If the defect covers the entire frontal bone or
more, alloplastic materials are preferred to avoid huge
morbidity at the donor site or the necessity to choose a
second site such as the iliac region. The best way to re-
store the integrity of the frontal bone is by utilizing an
alloplastic graft premodeled by computer on the basis
of a CT scan [15].

23.4 Local flaps

Local flaps are the workhorse of reconstruction of the
anterior cranial base. The most utilized flap is the per-
icranium. Others are the galeal, galeopericranial and
temporalis muscle flaps and, more recently, nasal or na-
sopharyngeal mucosal flaps harvested endoscopically.
Since their routine use in craniofacial reconstruction,
the rate of infections, cerebrospinal fluid leaks and neu-
rologic complications has fallen [16].

Pericranial flaps can be positioned easily over the
anterior cranial base and adapted to the loss of sub-
stance because of their optimal pliability. Healing is
rapid and guaranteed by their vascular supply. If a
thicker flap is required, the galea is considered. This tis-
sue is immediately subdermal, being continuous later-
ally with the superficial temporalis fascia and the sub-
cutaneous muscular aponeurotic system. Anteriorly it
includes the frontalis muscles. The main vascular sup-
plies are the anterior branches of the superficial tempo-
ral artery, the supraorbital artery and the supratrochlear
artery. Both the supraorbital and the supratrochlear ar-
teries ramify into a superficial and a deep plexus at their
emergence from the bony foramina. Galeopericranial
flaps are based on the superficial plexus, while pericra-
nial flaps are based on the deep plexus [17].

Based on their vascular anatomy, galeal flaps may be
harvested with a frontal or lateral pedicle based on the
superficial temporal artery. When a lateral pedicle is
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chosen, the flap is best harvested with a bilateral pedicle
if its length crosses the midline, because vascular anas-
tomoses are few there. In this case the galea is rotated
down and forward as a visor to cover the defect. Peri-
cranial flaps are generally based on the anterior pedicle
when this is not interrupted by cancer resection or pre-
existing scars. In this is the case, a lateral vascular pedi-
cle is chosen. Finally, a galeopericranial flap can be har-
vested. This is best vascularized and must include both
layers at least proximal to the hilum of the vessels.

While pericranial flaps with good vascularization
seldom give rise to complications, galeal flaps may
lead to a few. In fact, the vascularization is generally
optimal but the thin layer of skin may lead to esthetic
deficits especially in the frontal region. This is more
evident if there are irregularities in the plane under the
skin. Also the thin skin of the forehead repositioned at
the end of surgery is more likely to ulcerate. This rela-
tive delicacy of the skin after galea flap harvesting
must be taken into consideration when planning a
frontal reconstruction with alloplastic materials. An
ulcer over them would invariably lead to the removal
of the hard tissue reconstruction.

Other problems include alopecia because a lesion in-
volving the hair bulbs. Scalp necrosis is a severe com-
plication but extremely rare. This is more likely to
occur if a deficit of vascularization of the skin was pres-
ent before surgery and underestimated, for example in
the case of an irradiated field. Finally, if the higher
branches of the facial nerve are damaged during har-
vesting of a flap, the frontalis muscles loose function
resulting in drooping of the eyebrows. This deficit is
less visible when bilateral; it is very unpleasing when
it occurs only on one side.

The temporalis muscle flap is a good choice for an-
terolateral skull-base defects with a small/medium loss
of substance [18]. Its use as a flap was first described
by Golovine in 1898 [19]. Huge defects may not be
fully covered by the muscle. Sometimes part of the
muscle is resected together with the tumor, so the re-
maining part is too small to be considered for recon-
struction of the region.

The temporalis muscle is assessed by asking the pa-
tient to clench the teeth during physical examination.
Its thickness is variable, and is generally four to five
times that of the galea. It may be really useful for cov-
erage of the orbit following exenteration of the eye. The
arc of rotation of the flap is limited. It may be increased
by sectioning the coronoid process of the mandible but,
even so, the flap cannot be extended beyond the mid-
line of the anterior cranial base by more than 1 or 2�cm.

Covering defects of the entire skull lamina cribra
may require two temporal muscle flaps joined in the
midline of the cranial base. This is a second choice
compared to the advancement of a pericranial or a ga-
leopericranial flap. The principal vascular pedicle com-
prises the deep temporal arteries arising from the inter-
nal maxillary artery, a terminal branch of the external
carotid artery. If the main pedicle is interrupted, the flap
may be harvested relying on the middle temporal artery
which originates from the external carotid artery [5].

Local deficits must be taken into consideration when
utilizing a temporal flap for reconstruction. In fact, if
all the muscle is used the region remains sunken and
esthetically poor. A filling prosthesis may be positioned
in place of the muscle at the same stage, but carries the
adjunctive risk of infection. This is a little lower if the
prosthesis is placed secondarily. When less muscle is
required for reconstruction, generally the anterior half
of it is turned to repair the deficit, while the posterior
half is translated anteriorly to cover the esthetic deficit.

A typical complication of temporalis flap harvesting
is a lesion of the frontal branch of the facial nerve. That
is located just underneath the temporoparietal fascia,
approximately 2�cm from the lateral aspect of the eye-
brow. Its deficit is clearly visible with unpleasing
drooping of the eyebrow and lack of frontalis muscle
function. Local pain and secondary reduction of mouth
opening may be seen on follow-up. While pain is gen-
erally difficult to be cured, mouth opening may be
treated with functional therapy and rarely by surgery.

Nasal and nasopharyngeal mucosal flaps harvested
and positioned endoscopically have gained importance
in recent years, together with the spread of endoscopy
in cranial base surgery [20]. The development of new
instrumentation and imaging technology has given a
great boost to this specific field. At the beginning non-
vascularized pieces of tissue were transposed to the cra-
nial base to seal defects in order to prevent rhinorrhea
for small defects, with a success rate of 95%. Recently
vascularized mucoperiosteal and mucoperichondrial
flaps based on the nasoseptal artery system have been
described. All the considerations discussed above con-
cerning the safety of reconstruction of the cranial base
with local flaps perfectly apply for these flaps. The
complication rate is extremely low, with the evident
added advantage of low morbidity and the avoidance
of an open approach. This is true especially for condi-
tions treated completely by endoscopy such as some tu-
mors and secondary liquorrhea. If an open approach is
chosen, via a coronal incision for example, a classical
local flap seems more reasonable.
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23.5 Locoregional flaps

Locoregional pedicled flaps have mostly been aban-
doned in cranial base reconstruction as their reliability
is less than that of free flaps. Their current indication
is for patients with a high risk of complications follow-
ing microsurgery. Such patients include the elderly, di-
abetic and vasculopathic patients, and generally sub-
jects in poor general condition. Locoregional flaps
mainly utilized for cranial base reconstructions are pec-
toralis major, lower trapezius and latissimus dorsi my-
ocutaneous flaps [21, 22].

All these flaps are less reliable than microvascular
flaps as their distal vascular supply is doubtful and this
is the part of the flap that reaches the cranial base. Also
their weight is not negligible and detachment of the flap
with a residual fistula is a serious complication [23].

In anterior cranial base reconstruction, it is more dif-
ficult for a locoregional pedicled flap to reach the re-
ceiving surgical field than in lateral cranial base recon-
struction. In such cases a two-stage reconstruction is
sometimes required. The first operation leaves the pedi-
cle dangling to allow the flap to reach the defect; during
the second operation the pedicle is cut and the flap bet-
ter adapted to the receiving surgical field. Even in cases
treated with a single-stage operation, the cumbersome
pedicle may have to be thinned in a second operation.
Another problem is the difficulty harvesting the flap at
the same time as the resection, which may lead to an
increasing in the operative time.

Finally, the morbidity following the harvest of locore-
gional flaps is negligible only for the pectoralis major,
being considerable for the lower trapezius and the latis-
simus dorsi. For of all these reasons, locoregional flaps
are utilized only in selected cases, and are a second
choice for reconstructing the anterior cranial base.

23.6 Microvascular flaps

Microvascular flaps comprise tissues harvested from a
donor site where their main vascular pedicles are sec-
tioned and successively anastomosed to receiving ves-
sels adjacent to the region where the flaps are trans-
posed. This has many advantages:
• The best tissue is chosen for reconstruction. This has

to be compared to the limited type of tissue available
with local flaps.

• Different tissues may be harvested and compounded
together in the same chimera flap. For example, the

vascularized rib and skin of the abdomen may be in-
cluded in the rectus abdominis muscle free flap
transfer. The possibility of working with different
tissues, and the ease of placement improves a factor
often neglected: the esthetics of the operated region.

• A wide variety of tissues may be harvested and
transferred at one time.

• Donor sites with lower morbidity can be chosen.
• Optimally vascularized tissues are transferred to re-

gions where sometimes the local tissue conditions
(and therefore also local flap conditions) have de-
teriorated because of radiotherapy, previous sur-
gery, etc.

• Distant receiving vessels may be reached by the vas-
cular pedicle when local receiving vessels are not
present or in bad condition.

• Double team working allows contemporaneous har-
vesting of the flap and demolition/operation of the
cranial base thus reducing the operation time. This is
not possible when utilizing local or locoregional
flaps.

• The reliability of free flaps is 92–98%, similar to
that of local flaps, but with a reduced cerebrospinal
fluid leakage rate of 3–10% in craniofacial surgery
[24]. These minimal percentages have been found
since the introduction of free flap surgery for cran-
iofacial reconstructions. The reason is because large
vascularized flaps provide better separation and cov-
erage of dead spaces.
While complications with local flaps are mainly cor-

related with late wound breakdown problems, compli-
cations with free flaps are more likely to happen in a
primarily acute surgical context [25].

Most utilized free flaps are the fasciocutaneous fore-
arm, the fasciocutaneous anterolateral tight, the mus-
culus and musculocutaneous rectus abdominis and
latissimus dorsi [7, 26–28]. All of those have their par-
ticular characteristics and they are utilized according to
their features and personal experience.

The fasciocutaneous forearm flap is 5–20�mm thick
with a medium area coverage (15×15�cm at the most).
These characteristics make the flap ideal for surface lin-
ing of the skin or pharyngeal mucosa. Its pedicle is par-
ticularly long (15–30�cm depending on the height of
the patient and type of harvesting). This allows receiv-
ing vessels of the neck to be reached if the superficial
temporal artery and vein are not suitable.

The fasciocutaneous anterolateral tight flap is 8–
30�mm thick with an area coverage that may be as large
as 15×30 cm. This allows the repair of a very large sur-
face [29]. Dead spaces may also be filled by bending
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the flap. Its very low morbidity and low esthetic impact
at the donor site are the reasons for the wide use of this
flap over recent years. The pedicle is 10–13�cm long,
enough to reach the receiving vessels of the neck only
if the flap is to be placed with the vascular pedicle be-
ginning not higher than the central third of the face. If
the placement is higher, anastomoses should be accom-
plished on temporal or facial vessels.

The rectus abdominis flap is one of the most popular
free flaps in cranial base reconstruction [30]. This is be-
cause its high vascular flow makes it extremely reliable.
The possibility to include the subcutis of the abdomen
makes it very bulky (depending obviously on how fat
the person is), and it therefore can be adapted to cover
large dead spaces. One or more vascularized ribs may
also be included in the flap to reconstruct, for example,
the orbital walls. The pedicle is 10–12�cm long and may
be elongated by a further 5�cm by tracing it inside the
muscle. Morbidity is not negligible.

The latissimus dorsi free flap is also very popular in
cranial base reconstruction. As in rectus abdominis, the
vascular flow through the flap is high and this is a good
guarantee against failure. The vascular pedicle is 12–
14�cm long and may be elongated by a further 6–8 cm
by dissecting it intraparenchymally and harvesting a
strip of muscle together with the pedicle. This allows
cervical vessels to be reached easily to perform large
anastomoses. In fact the diameter of the artery and vein
of the pedicle is between 2.5 and 6 mm.

Different types of tissue may be taken from the same
surgical donor site (Figs.�23.11 to 23.16). The skin pad
overlying the muscle may be harvested up to 50×30 cm.
Multiple rib grafts may be picked up while the thora-
codorsal nerve together with its distal branches may be
used to reconstruct the facial nerve when this is in-

cluded in the resection. Morbidity in generally quite
low and discomfort for the patient does not last more
than three weeks.

Some specific details must be known when perform-
ing microsurgical craniofacial reconstruction.

Although tunneling of the pedicle is chosen by some
authors to reach distant vessels, we consider it too risky
because inadvertent twisting may block blood flow and
lead to flap loss. Also there may be a risk of postopera-
tive hematoma because of compression of the vein of
the pedicle in the tunnel. In order to avoid those com-
plications an anterior skin flap may be elevated in the
cervicofacial region to reach cervical vessels without
tunneling. The skin incision is as for a face-lift, extend-
ing inferiorly in a natural skin crease of the neck. With
this procedure the whole course of the pedicle is in view,
so twisting can be identified and hemostasis guaranteed.

The receiving vessels are a key point in the success
of microvascular reconstruction. Generally the superfi-
cial temporal vessels are the nearest to the flap. It is ex-
tremely important to avoid damage to these vessels
when executing the coronal incision. In many secondary
operations these are found to have been previously cut.

The vessel dimensions are important. In particular
the superficial temporal vein may have a diameter sig-
nificantly smaller than the vein of the flap pedicle. This
leads to stasis of the vein flow negatively affecting the
blood flow of the whole flap. If this is the case, any
trick must be used to plan a vein anastomosis on larger
vessels in the neck region.

The second nearest receiving vessels are generally
the facial vessels. These may easily be found at the in-
ferior mandibular border or just below it, immediately
anterior to the masseter muscle. The vein is normally a
little larger than the superficial temporal vein.
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Fig. 23.11 CT image of an en plaque meningioma invading the
sphenoid wing

Fig. 23.12 Left exophthalmos due to reduced orbital volume be-
cause of the tumor



If it is possible for the pedicle to reach the neck re-
gion to accomplish the anastomosis, this is the best op-
tion since numerous arteries and veins are then eligible
for the anastomosis. An advantageous venous drainage
may be guaranteed by a terminolateral anastomosis

with the internal jugular vein. This maintains its main
flow with a negative pump effect on the venous
drainage of the flap. The arterial receiving vessels most
utilized in the neck are the superior thyroid, facial, lin-
gual and terminal segment of the external carotid ar-
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Fig. 23.13 The orbital walls recon-
structed with split rib grafts (smaller
arrow). The temporal bone recon-
structed with full-thickness rib grafts
(larger arrow)

Fig. 23.14 A latissimus dorsi muscular
and adipose flap placed to cover the en-
cephalon and the bone grafts



tery. The choice of vessel depends on the vascular re-
quirements of the flap (muscular and large flaps re-
quire greater blood flow), the geometry of the receiv-
ing vessels and pedicle course, and the comfort of
working.

Flaps have the highest risk of vascular impairment
during the first 48�hours and this decreases during the
following 7–10 days. So monitoring blood flow
through the flap is fundamental to avoiding flap loss,
an eventuality that may be potentially life-threatening
in cranial base reconstruction.

Monitoring of the flap is still very controversial in
the literature [31]. Most authors agree on the reliability
of clinical investigation for visible flaps, flap color, der-
mographism and bleeding after puncture being the must
important factors. Buried flaps must necessarily be

monitored instrumentally. If there is any doubt about
the vascularization of the flap, is mandatory to re-ex-
plore the surgical site immediately. In fact a period of
only a few hours is available to save the flap before
thrombosis of the microcirculation occurs and the flap
is definitively lost. Specific antiaggregant and antico-
agulant therapy, together with posture studied intraop-
eratively to avoid kinking of the pedicle and promote
venous drainage, must be taken during the first 7–10
postoperative days.
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Fig. 23.15 Postoperative 3-D CT image

Fig. 23.16 Appearance of the patient 1�year after surgery
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113, 114, 120, 121, 122, 123, 125, 127,
128, 129, 137, 147, 159, 161, 163, 198,
235, 247, 260, 267, 268, 277, 278, 285,
309, 320, 327, 333

Craniocervical
anatomy, 176-178, 182
junction, 155, 175-195, 244, 281, 285, 286,

288, 292-293, 298
Craniofacial

approaches, 255, 263, 264, 266, 277, 278, 310
reconstruction, 336, 338, 339
surgery, 255-256, 267, 331, 338
tumors, 255, 267, 331

Cranioorbital approach, 61
Craniopharyngiomas, 28, 57-58, 88, 103, 226,

243, 244, 310
Craniotome, 11, 19, 22, 44, 52, 70, 72, 76, 77
Craniotomy, 4, 11, 17, 18-19, 22, 24, 27, 28, 29, 30,

31, 32, 33, 34, 35, 36-37, 39, 42, 43, 44-
45, 47, 52, 55, 56, 58, 61, 62, 67, 70, 71,
72, 74, 75, 77, 79, 80, 82, 83, 84, 85, 87,
89, 91, 93, 94, 96, 115, 117-122, 123,
124, 125, 127, 128-129, 141, 142, 144-
147, 154, 155, 156, 159, 160, 171, 175,
178, 180, 181, 182, 236, 277, 278, 279

CSF (cerebrospinal fluid), 3, 5, 12, 17, 20, 23, 24,
28, 31, 35, 36, 68, 70, 85, 117, 125, 127,
139, 187, 195, 204, 209, 210, 211, 217,
219, 220, 221, 234, 235, 236, 240, 245,
247, 249, 260, 278, 279, 318

leakage, 5, 23, 24, 28, 36, 68, 85, 125, 127,
187, 195, 204, 209, 210, 211, 217, 219-
221, 228, 234, 235, 236-237, 240, 249,
279, 298, 305, 307, 318, 331, 333, 338

CT see Computer tomography
Curioni’s oncological “box” concept, 305
Cushing H., 3, 17, 39, 113, 213, 225, 230, 255
Cushing’s disease, 215, 221, 227, 235
Cysts (see also Rathke’s cleft cyst), 31, 37, 88,

101, 114, 153, 210, 226, 256, 264
“C-Zero” concept, 182-186
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D
Dandy W.E., 39, 44, 87, 225, 255, 277
Dandy keyhole, 45
Deep muscle triangle, 180
Denker’s approach, 248, 256
Diabetes insipidus, 23, 205, 211, 221, 236
Dolenc’s triangle, 79
Dorsolateral approach to the craniocervical junc-

tion, 175-195
Dott N., 3, 213, 225, 230
Drill, 11-12, 18-19, 44-45, 51, 52, 57, 68, 69, 70, 71,

73, 75, 77, 117, 134, 139, 144, 145, 146,
181, 182, 185, 216, 219, 235, 241, 292

Dura mater, 5, 8, 11, 12, 13, 17, 19, 22, 23, 24, 28,
31, 32, 45-46, 50-55, 62, 64, 65, 70, 71,
77, 79, 82, 89, 117, 120, 122-125, 126,
128, 129, 130, 139, 141, 145, 146, 148,
149, 154, 155, 156, 159-162, 166, 167,
168, 169, 171, 173, 176, 178, 181, 182,
183, 184, 185, 186, 187, 190, 194, 195,
200, 201, 204, 205, 206, 211, 216, 217,
219, 220, 229, 233, 235, 240, 242, 243,
247, 267, 268, 275, 278, 284, 287, 292,
305, 311, 315, 317, 327, 328, 331- 333

E
Electrophysiological monitoring (IOM) (see also

Neurophysiological monitoring), 151,
152, 153, 191

Empty sella, 203, 211, 226, 233
Encephalocele, 331, 332, 333
Endocrinological deficits, 205, 219
Endonasal

approaches, 3, 5, 9, 12, 29, 197, 226, 229, 230,
234, 237

endoscopic, 5, 197-211, 213-222, 225-237,
239-250

transsphenoidal, 12, 197-211, 225-237
speculum, 215, 218, 221, 222

Endoscope, 9-11, 28, 31, 33-34, 36, 37, 46-50, 89,
97-98, 197, 203, 204, 207-211, 213, 218,
222, 225, 235, 236, 239, 240, 241, 242,
244, 245

angle of view, 9, 28, 31, 34, 36, 171, 203, 208,
209, 210, 213, 214, 215, 217, 218, 219,
227, 231, 233

assisted surgery, 9-11, 27, 29, 31, 33-34, 36,
37, 46-50, 89, 97-98, 197-211, 213-222,
239-250, 337

Ependymomas, 88, 154, 175
Epicranial aponeurosis see Galea aponeurotica
Esthesioneuroblastomas, 226, 242
Ethmoidectomy, 303, 304
Ethmoidomaxillectomy, 301, 304-305
Ethmoid sinus, 52, 62, 73, 113, 198, 260, 312
Extended

maxillotomy, 295-296
transoral approaches, 289, 293-298
transsphenoidal approaches, 227, 239, 294

Extraconal space, 78-79, 245, 259, 260, 263, 264,
268, 271-273, 275

Extradural lesions, 191-195
Eyebrow craniotomy see Supraorbital eyebrow ap-

proach

F
Facial

nerve, 5, 18, 21, 35, 40, 41, 42, 43, 52, 67, 68,
75, 85, 109, 117, 121, 124, 137, 139, 140,
142, 143, 146, 147, 161, 162, 165, 166,
167, 169, 170, 171, 172, 173, 174, 314,
321, 323, 325, 326, 327, 328, 337, 339

osteotomies, 256-257, 293
Fallopian canal, 140, 161, 167, 170, 172, 173, 191
Fibrosarcomas, 226, 287
Fixation plates, 20, 31-32, 51, 74-75, 85, 294-298,

305-306, 312, 314, 316, 317, 321, 322,
325-326, 336

Foramen
magnum, 12, 143, 144, 145, 147, 153, 154,

155, 156, 175, 176, 178, 180, 181, 182,
183, 184, 185, 186, 188, 189, 191, 243,
244, 247, 256, 281, 282, 284, 285, 286,
287, 288, 290

of Monro, 88, 91, 93, 96, 97, 98, 100, 101,
102, 104

Fornix, 91, 93, 97, 98, 99, 100, 101, 102, 103,
104, 261, 269, 270, 278, 293, 294, 296,
313, 320, 321

Fourth ventricle, 151, 154, 155, 156, 157
Frontal sinus, 19, 21, 22, 23, 24, 28, 29, 30, 31,

35, 36, 44, 45, 67, 70, 72, 74, 75, 241,
272, 275

cranialization, 22, 70, 85, 336
Frontotemporal approach, 39-59
Frontotemporoorbitozygomatic approach (FTOZ),

44, 61, 62, 67-75, 77, 80, 81, 83
Fukushima’s

lateral position, 138, 159, 160
triangles, 141

Functional deficits, 85, 102, 143, 181, 263

G
Galea aponeurotica, 18, 20-21, 22, 23, 40-41, 42,

44, 45, 67, 68, 75, 76, 267, 331, 336,
337

Gangliogliomas, 79, 88
Gasserian ganglion, 73, 108, 120, 159, 161, 163,

201, 202
Geniculate ganglion, 71, 109, 124, 160, 161, 172,

173, 327
Germinomas, 88
Glioblastomas, 88, 191
Gliomas, 17, 34, 87, 103, 131, 154, 165, 186, 191,

192, 226, 263, 264, 276, 277
Glomangiomas, 226
Glossotomy, 255, 256, 290, 293, 297-298
Glues see Surgical glues
Grafts, 43, 73-74, 77, 85, 153, 155, 180, 187, 191,

194, 220, 228, 234, 236, 240, 249, 275,
277, 292, 309, 317, 318, 331, 332-336,
339-340
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Granular cell tumors, 111, 226
Granulomas, 111, 114, 125, 175, 226, 245, 247
Graves’ ophthalmopathy, 262, 263, 264, 267

orbital wall decompression, 278-279
transpalpebral decompression, 264, 279

Greater superficial petrosal nerve (GSPN), 64, 71,
109, 121, 123, 126, 160, 161, 163, 172

Guiot G., 3, 213, 225, 230, 239

H
Hamartomas, 87, 88, 226
Hardy J., 3, 213, 225, 230, 239
Hemangioblastoma, 175, 226
Hemangiomas, 28, 269-274
Hemangiopericytomas, 127, 226
Hemilaminectomy, 147, 183, 187, 189
Hemorrhage, 3, 5, 56, 93, 104, 114, 115, 181, 187,

236, 260, 261, 273, 279, 307
Henle see Spine of Henle
Hirsch O., 3, 87, 213, 225, 255
Hypoglossal

canal, 65, 178, 184, 185, 187, 189, 190, 191,
247, 248, 282, 292

nerve, 178, 188, 190, 191, 247, 282, 287, 292,
298, 321, 325

Hypophyseal artery, 48, 50, 55, 200-202, 209, 247
Hypopituitarism, 203, 205, 210, 211

I
Image guidance systems, 5, 7, 9, 13, 36, 39, 89,

179-180, 203, 204, 211, 226, 227, 228,
229, 233, 236, 240, 246, 247-248, 256

Induseum griseum, 91, 93
Infections, 28, 226, 290, 311, 331-332, 336, 337

postoperative, 23, 24, 85, 187, 195, 236, 279,
298, 307, 318, 333, 335-336

Inferior
hypophyseal artery, 200, 201, 202, 247
intercavernous sinus, 205, 243
orbitotomy, 268-271
suboccipital median approach, 154-156
turbinate, 199, 203, 221, 241, 250, 261, 306

Inflammatory conditions and diseases, 107, 111,
114, 226, 244, 255, 261, 262, 263, 285,
286, 309

Infratemporal
approach, 122, 247, 248
fossa, 41, 43, 61, 108, 109, 110, 113, 121, 122,

125, 201, 247, 256, 310, 311, 312, 313,
314, 319, 320, 321, 323, 326, 327, 328

Instruments, 7, 8, 9, 10, 11, 12, 13, 15, 24, 28, 31,
34, 37, 48, 70, 85, 197, 204, 213, 218,
228, 233, 239, 240, 241

Intercavernous sinus, 200, 201, 204, 205, 211,
233, 235, 242, 243

Interfascial dissection, 40, 42, 43, 68, 75, 84, 117,
121

Interforniceal route, 87, 93, 98-101, 104
Internal

carotid artery, 39, 40, 48, 49, 50, 53, 54, 55, 57,
59, 62, 64, 65, 66, 68, 71, 73, 74, 76, 77,

78, 79, 80, 82, 84, 112, 113, 119, 120,
121, 123, 126, 132, 133, 134, 159, 160,
161, 163, 164, 200, 201, 202, 203, 204,
207, 208, 211, 216, 217, 236, 242, 245,
246, 247, 248, 309, 318, 320, 326, 327

cerebral veins, 94, 96, 98, 101, 104
Intraconal space, 78-79, 245, 259, 260, 263, 264,

268, 270, 272-274, 277
Intracranial

approach, 311, 315
pressure, 23, 218, 221, 278

Intraventricular tumors, 87, 88, 89, 91, 93, 95, 97,
99, 101, 103, 105

J
Jugular

bulb, 139, 140, 141, 142, 167, 170, 171, 172,
173, 178, 181, 182, 184, 185, 191, 195,
282, 328

process, 176, 178, 180, 181, 183, 282
tubercle, 178, 181, 183, 184, 185, 195
vein, 176, 195, 248, 249, 282, 325, 327, 340

K
Kawase’s triangle, 81, 159, 162-163
Keyhole craniotomy, 17, 18, 19, 22, 27, 28, 30, 31,

37, 44, 45, 55, 75, 76, 117, 118, 198

L
Lamina terminalis, 19, 23, 45, 48, 50, 98, 102
Lateral

canthotomy, 264, 266, 268, 269, 270, 274, 279
orbitotomy, 75, 256, 264-268, 272-274, 278
position, 89, 127-128, 152-153, 312 
recess of the sphenoid sinus, 199, 201, 208
ventricle, 87, 88, 89, 91, 93, 94, 96, 97, 98,

101, 102, 129
Latissimus dorsi, 317, 332, 335, 338, 339, 340
“Lazy S” incision, 159, 265
Le Fort I maxillotomy, 256, 293-295, 311, 314
Leiomyosarcomas, 226
Leukemia, 226
Lid crease incision, 264, 266, 271-274
Liliequist’s membrane, 46, 115, 119, 132
Lipomas, 226
Lymphomas, 88, 226, 263
Lynch incision, 256, 264, 266, 272, 273, 276, 278

M
MacCarty’s keyhole, 17, 18, 19, 22, 44, 45, 75, 76, 77
Macewen’s triangle, 141, 167
Magnetic resonance imaging (MRI), 4, 5, 13, 29,

33, 34, 35, 58, 59, 78, 80, 81, 82, 83, 84,
91, 93, 98, 108-114, 122, 127, 137, 148,
154, 157, 186, 189, 190, 192-194, 200,
202, 206, 215, 216, 218, 221, 228-229,
234, 240, 256, 262, 263, 287, 288, 301,
302, 311, 313, 316, 332

Mandibular
nerve, 202, 247, 324, 325
swing, 318, 320, 321, 323
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Mastoidectomy, 137, 139, 140, 141, 142, 159,
165, 172

Maxillary nerve, 66, 199, 200, 201, 202, 208, 324,
Maxillectomy, 248, 288, 289, 302, 304, 306
Maxillotomy, 256, 293, 294, 295-296, 311
Meckel’s cave, 65, 107, 123, 124, 147, 173, 245, 246
Medial orbitotomy, 256, 264, 266, 272-276
Melanomas, 226
Meningitis, 236, 289, 298, 318, 331
Meningiomas, 3, 4, 5, 13, 17, 20, 24, 28, 29, 31, 33,

53, 56-57, 59, 71, 78, 79, 80, 81, 84, 88,
107-108, 111, 116, 127, 131, 137, 147,
154, 165, 172, 175, 176, 178, 180, 184,
185, 186, 187-188, 189, 191, 219, 220,
222, 226, 235, 242, 243, 244, 245, 246,
247, 249, 255, 263, 264, 267, 272, 339

Metastases, 36, 88, 114, 154, 191, 195, 226, 286,
287, 288, 309

MicroDoppler probe, 13, 84, 204, 211, 213, 216,
219, 222, 229, 233, 236

Microscope, 3, 8-9, 11, 12, 24, 35-36, 56-57, 68,
120, 129, 213-222, 225-237, 239, 255,
278, 290

Microscopic approaches, 197, 213-222, 225-237,
250, 256

Middle
clinoid process, 52, 64
cranial fossa, 3, 29, 40, 43, 64, 65, 69, 77, 80-

81, 108, 109, 110, 116, 117-118, 120,
121, 122, 123, 125, 128, 130, 132, 137,
147, 159-164, 165, 166, 168, 169, 170,
244, 245-247

approach, 3, 137, 142, 159-164, 165
meningeal artery, 45, 46, 64, 71, 73, 121, 123,

124, 160, 161, 163, 327
skull base, 71, 126, 319, 323, 325, 326, 327
turbinate 198, 199, 203, 205, 208, 211, 215,

219, 221, 232, 240, 250
Midfacial approaches, 256, 301-307, 309-318
Monopolar coagulation, 12, 43, 69, 85, 155, 156,

211, 216, 233, 240, 291, 298
Monro see Foramen of Monro, 104
Moure incision, 303
Mucocele, 23, 24, 45, 85, 221, 226, 233
Myocardial infarction, 236
Myxomas, 226

N
Nasal

septal perforation, 226, 229, 234, 236
septum, 199, 203, 204, 210, 215, 218, 221,

226, 229, 230, 231, 232, 233, 234, 236,
241, 255, 294, 295, 296, 297, 305

Nasoseptal mucosal flap, 240-241, 249
Neurinomas, 81, 110, 122-127, 185, 188-191
Neurocysticercosis, 88
Neurocytomas, 88
Neuroendoscopy, 9, 27, 28, 31, 33, 34, 39, 235
Neurological deficits, 5, 53, 59, 78, 79, 80, 84, 91,

102, 103, 129, 131, 157, 181, 192, 219,
247, 287, 333

Neuronavigation see Image guidance systems
Neuropathies, 89, 151, 264, 278
Neurophysiological monitoring (see also Electro-

physiological monitoring), 40, 84, 143,
240

Neuropsychological deficits, 23, 103

O
Occipital

bone, 145, 176, 182, 183, 194, 281, 282-283,
284-285, 293, 314

condyle, 65, 142, 176, 178, 180, 181, 182, 183,
184, 189, 195, 244, 247, 282, 292, 328

Occipitocervical stabilization, 194, 288-289, 292-
293

Oculomotor nerve, 47, 48, 49, 50, 52, 55, 59, 109,
111, 115, 116, 117, 118, 119, 120, 125,
129, 132, 133, 134, 161, 200, 202

Odontoid process, 178, 192, 194, 244, 283, 284,
285, 286, 287, 288, 292, 293, 294, 328

lesions, 285-286, 287, 288
Odontoidectomy, 292, 293
Olfactory nerve, 20, 24, 46, 62
Oligodendrogliomas, 88
Olivari’s technique, 264, 279
Operating room, 5, 8, 9, 10, 13, 14, 39, 180, 203,

219, 228, 236, 240, 307
Ophthalmic

artery, 27, 43, 45, 48, 50, 53, 64, 66, 70, 74,
79, 161, 242, 245

nerve, 65, 66, 201, 202
Optic

chiasm, 12, 18, 19, 20, 21, 24, 46, 54, 98, 200,
202, 206, 209, 211, 226, 235, 242, 243,
263, 310

nerve, 19, 20, 24, 28, 39, 48, 49, 50, 52, 53, 54,
55, 57, 59, 62, 64, 65, 66, 68, 70, 71, 73,
74, 76, 77, 78, 79, 80, 112, 119, 120,
133, 134, 147, 198, 200, 204, 211, 226,
235, 256, 260, 262, 263, 264, 272, 276,
277, 278, 279, 304, 310, 311, 327

decompression, 28, 245, 256, 263, 264,
267, 273, 278, 327

Orbital
approaches, 256, 259-279

craniofacial approaches, 277-278
inferior orbitotomy, 268-271
lateral orbitotomy, 264-268
medial orbitotomy, 272-277
special surgical approaches, 278-279
superior orbitotomy, 271-272

decompression, 256, 264, 269, 278, 279
fissure, 40, 52, 53, 59, 63, 64, 65, 73, 76, 120,

121, 122, 123, 124, 125, 126, 161, 163,
164, 202, 247, 260, 270, 327, 336

imaging, 262
lesions, 28, 35, 255, 261-264
rim, 17, 18, 21, 28, 29, 32, 43, 44, 62, 65, 68,

69, 70, 71, 72, 75, 76, 77, 84, 117, 118,
259, 260, 262, 265, 267, 268, 269, 270,
272, 276, 335

Subject Index 347



tumors, 28, 257, 262, 263, 264, 267, 268, 273,
277, 311

walls, 259, 260, 264, 334, 335, 336, 339, 340
Orbitopterional approach, 61, 75-77, 78, 79
Orbitotomy, 75, 256, 263-276, 278

inferior, 268-271
lateral, 75, 256, 264-268, 272, 273, 274, 278
medial, 256, 264, 266, 272-276
superior, 75, 271-272

Orbitozygomatic
approach, 61-85
craniotomy, 29, 43, 72, 121, 277
frontotemporoorbitozygomatic (FTOZ), 44, 61,

62, 67-75, 77, 80, 81, 83
orbitopterional, 61, 75-77, 78, 79
osteotomy, 121-122

Osteosarcomas, 226

P
Papillomas, 88
Paracallosal approach, 87, 88, 96, 97, 101
Paraforniceal route, 104
Paragangliomas, 226, 247, 249
Parasellar area, 23-24, 27, 28-29, 37, 46, 52, 59,

71, 77, 113, 116, 120, 122, 201-202,
210, 214, 225, 237

Patient positioning, 17-18, 21-22, 24, 39-40, 68-
69, 75, 89, 93, 116-118, 127-128, 131-
133, 138-139, 143-144, 166, 167, 180,
189, 190, 192, 195, 203, 215, 219, 227-
228, 289-290, 293, 312

lateral, 89, 127-128, 138, 152-153, 159, 160, 312
prone, 93, 151, 152, 153, 293 
semisitting (SSP), 143-144, 151-152, 153, 157
sitting, 180, 190, 192, 193, 194
supine, 17, 21, 39, 302
Trendelenberg, 31

Periectomy, 268, 273, 274
Petroclival region, 107, 116, 120, 122, 125, 127,

137, 143, 147, 159
Pineal

gland, 94, 96
region, 87, 88, 94, 96, 97, 151, 153, 154

Pinealomas, 88
Pituitary

adenoma, 28, 31, 88, 111-113, 116, 206, 207,
209, 213, 215, 219, 222, 226, 236, 243,
246, 247, 310

gland, 3, 64, 200, 201, 202, 205, 206, 207, 208,
209, 216, 217, 220, 234, 235, 255, 310

stalk, 23, 24, 46, 48, 49, 55, 57, 119, 200, 205,
209, 210, 219, 235

Planum sphenoidale, 56, 71, 80, 199, 204, 205,
210, 220, 228, 233, 241, 242, 243, 309

Plasmacytomas, 179, 191, 195, 226
Pneumocephalus, 23, 24, 53, 85, 144, 151, 236
Posterior

cerebral artery, 33, 34, 46, 48, 49, 55, 82, 96,
107, 115, 119, 124, 130, 133

circulation
aneurysm, 27, 47, 131-135, 191

clinoid process, 29, 34, 48, 49, 54, 55, 57, 64,
65, 73, 82, 120, 131, 132, 133, 134

communicating artery, 46, 48, 49, 50, 53, 54,
55, 57, 59, 118, 119, 133, 161, 202

cranial fossa, 33, 34, 64, 65, 80, 81, 83, 108,
110, 122, 123, 124, 125, 126, 128, 131,
141, 142, 145, 151, 153, 154, 162, 169,
170, 171, 185, 244, 247, 314

inferior cerebellar artery (PICA), 141, 155,
178, 187, 191, 193

intercavernous sinus, 243
skull base, 148-149, 246
stabilization, 292-293
subtemporal approach, 107, 127, 129, 130

Posttraumatic optic neuropathy, 278
Presigmoid approach, 137-142
Pretemporal approach, 112, 115, 116, 117, 118,

121, 133
Primitive neuroectodermal tumor, 88
Prone position, 93, 151, 152, 153, 293 
Pseudotumor cerebri, 278

R
Radiofrequency coagulation, 12, 211
Radiography, 132, 194, 262, 287, 288, 289, 293,

301
Raney’s clips, 21, 40
Rathke’s cleft cyst, 209, 210, 215, 218, 219, 221,

222, 226, 235, 243
Reconstruction, 18, 23, 24, 44, 47, 62, 68, 69, 70,

75, 76, 77, 84, 85, 139, 148-149, 166,
179, 185, 187, 194, 198, 202, 204, 210-
211, 219-221, 229, 232, 234, 235, 236,
249-250, 256, 257, 263, 277, 293, 295,
301, 303, 305-306, 310, 311, 312, 314,
315-317, 327, 331-341

Retraction devices see Brain retraction
Retrolabyrinthine approach, 137, 138-142
Retrosigmoid approach, 5, 33, 139, 141-142, 143-

149, 159, 181
Rhabdomyosarcomas, 226
Rhinorrhea, 3, 28, 35, 36, 53, 59, 236, 279, 337
Rhomboid fossa, 161, 162, 163

S
Schloffer H., 3, 213, 225, 255, 257
Schuknecht incision, 303
Schwannomas, 81, 108-111, 116, 122, 137, 188,

245, 246, 247, 249, 305
Seizures, 23, 103, 236
Sella, 24, 28, 29, 31, 64, 113, 131, 200, 203, 204,

205, 207, 210, 211, 215, 216, 217, 218,
219, 220, 221, 222, 225, 226, 227, 228,
229, 231, 232, 233, 234, 235, 236, 237,
239, 242, 243, 247, 256, 310

Sellar
floor, 74, 199, 201, 204, 205, 207, 216, 233,

234, 236
area, 5, 39, 59, 77, 113, 120, 200-201, 217, 234

Semisitting position (SSP), 143-144, 151-152,
153, 157
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Sinusitis, 198, 236
Sitting position, 180, 190, 192, 193, 194
Skin incision, 17-18, 21-22, 40, 116-117, 121,

128, 180-181, 302-303
Skull base, 3, 5, 4, 7, 9, 12, 17, 19, 21, 23, 24, 27, 28,

29, 32, 37, 39, 40, 44, 45, 46, 61, 62, 64,
65, 71, 77, 87, 88, 107, 111, 113, 120,
125, 126, 132, 137, 142, 143, 148, 149,
151, 159, 161, 163, 164, 165, 166, 175,
176, 197, 198, 201, 202, 203, 211, 213,
219, 220, 225, 229, 235, 237, 239-250,
251, 255, 256, 257, 259, 272, 281, 287,
288, 292, 301, 304, 305, 306, 309, 310,
311, 313, 314, 315, 317, 318, 319, 320,
321, 323, 325, 326, 327, 328, 331-341

reconstruction, 148-149, 219, 331, 333, 335,
337, 338, 339, 341

surgery, 3, 7, 17, 27, 39, 61, 87, 107, 137, 143,
151, 159, 163, 165, 175, 197, 213, 225,
239, 255, 259, 281, 301, 309, 310, 319,
331, 334, 337

Sphenoid
ostium, 199, 215, 241
sinus, 12, 53, 62, 71, 113, 126, 198, 199, 200,

201, 203, 204, 208, 209, 211, 216, 218,
219, 220, 226, 229, 230, 232, 233, 236,
241, 243, 255, 281, 293, 294, 295, 297,
304, 310, 328

Sphenoidotomy, 198-199, 203, 204, 211, 215-216,
218, 219, 221, 225, 226, 229, 232-233,
241

Sphenopalatine arteries, 198, 199, 201, 204, 208,
211, 216, 236, 245, 249

Spine of Henle, 140, 141, 166, 167, 168, 169
Splenium, 87, 91, 93, 94, 96, 97, 103
Stroke, 104, 236
Subarachnoid hemorrhage, 56, 115, 236
Subchoroidal route, 87, 104
Subciliary incision, 269, 270
Subependymomas, 88, 156, 157
Subfascial dissection, 40, 42, 43, 55, 75, 117
Subfrontal approach, 17-25, 31, 102
Sublabial approaches, 3, 213, 221, 225, 226, 229,

230-232, 233, 234, 235, 255, 296-297
Submuscular dissection, 40, 42, 43, 75
Suboccipital approaches

lateral, 137-149
presigmoid, 137-142
retrosigmoid, 143-149

median, 151-157
inferior, 154-156
supracerebellar infratentorial, 153-154

Subtemporal approach, 107-135
anterior, 116-121
in posterior circulation aneurysms, 131-135
interdural, 109, 110, 122-123, 125-127, 159, 205
in trigeminal neurinomas, 122-127
posterior, 127-129
surgical pathology, 107-115
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hypophyseal artery, 48, 50, 55, 200, 202, 209
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51, 52, 66, 68, 72, 75, 76, 117, 118, 121
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Suprachoroidal route, 87, 100, 101, 104
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nerve, 18, 21, 22, 32, 35, 43, 65, 67, 68, 72, 75,

271-272
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lesions, 215

Surgical
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202, 241-249, 259-261, 281-285, 309-310
glues, 45, 53, 70, 73, 85, 125, 127, 148, 181,
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Topographic orbital surgery, 263
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to the third ventricle, 96-101, 104
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paraforniceal, 96-98, 104
subchoroidal, 101, 104
suprachoroidal, 101, 104

Transclival approach, 243, 244, 245, 247
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Transcondylar approach, 176, 181, 182, 183, 185,

191, 192, 193, 195, 247
Transesophageal echocardiography examination
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165-171

Transmandibular approaches, 256, 297-298, 314,
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