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 ■ Case Presentation
A 42-year-old woman presented for neurosurgical consultation 
with a 1-year history of headaches, tinnitus, and vertigo. In the 
few months before the consultation, she also started having 
episodic, shock-like, left-sided facial pain. Her medical history 
was otherwise unremarkable. On neurological examination, 
she was found to have paresthesias on the left side of her face, 
but the rest of the cranial nerves were normal. The magnetic 
resonance imaging (MRI) revealed a homogeneously enhancing 
petroclival lesion, measuring 26 × 33 × 29 mm and causing sig-
nificant mass effect on the brainstem (Fig. 13.1). There was no 
evidence of hydrocephalus.

Questions

1. How can you explain the patient’s facial pain?
2. Other than surgery, are there any other management options?
3. If surgery is considered, how would you conduct the preop-

erative evaluation?

 ■ Diagnosis and Treatment
The imaging characteristics of the lesion, including its loca-
tion medial to the internal acoustic meatus, the enhancement 

pattern, and the presence of a dural tail, are consistent with 
a petroclival meningioma. The differential diagnosis includes 
metastatic lesions, trigeminal schwannoma, and other rare 
extra-axial tumors such as hemangiopericytoma and chordoma. 
More so than meningiomas existing elsewhere in the skull base, 
those in the petroclival region should be treated conservatively 
whenever possible. A “watchful waiting” strategy and conser-
vative symptom management are usually the first options. In 
the case of this young woman, various medications have been 
tried without success, including neuromodulating agents such 
as gabapentin and pregabalin.

If a patient’s symptoms are mostly attributable to hydro-
cephalus caused by obstruction of the cerebrospinal fluid ( SF) 
pathway by the petroclival meningioma, ventriculoperitoneal 
shunting can be a good alternative, particularly in an elderly 
patient. A shunt can delay or avoid surgery altogether, as the 
development of hydrocephalus does not necessarily predict 
continued tumor growth. Radiation therapy is not a good 
option as stand-alone treatment for most petroclival meningi-
omas. This is especially true when there is significant brainstem 
compression, as radiation rarely leads to significant size reduc-
tion in meningiomas. The only role of radiation, in the form of 
radiosurgery, is for small tumors, or as adjuvant treatment of 
residual disease after surgery.

eturning to our specific patient, a follow-up M I was per-
formed at 3 months after initial encounter, and although there 
was only slight volumetric increase of the tumor, her symptoms 
had worsened. onsidering her progressive symptoms, young 
age, and the tumor’s relatively large size, surgical intervention 

Fig. 13.1 Preoperative images. (a) Con-
trast-enhanced T1-weighted axial image. 
(b) FLAIR axial image. The yellow arrow 
indicates brainstem edema. (c) Con-
trast-enhanced T1-weighted coronal image. 
(d) Contrast-enhanced T1-weighted coronal 
image. The blue arrow indicates Meckel’s 
cave extension.
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was recommended with the goal of brainstem decompression 
and maximal resection without iatrogenic injury.

 ■ Anatomical and Therapeutic 
Considerations
Before undertaking surgery for a petroclival meningioma, a 
complete preoperative work-up should include assessment of 
the cardiopulmonary and thromboembolic perioperative risk. 

ranial nerve evaluation should include endoscopic assessment 
of the vocal cords and swallowing function. Preoperative defi-
cits of lower cranial nerves often require a tracheostomy and/
or feeding tube (i.e., gastrojejunostomy) in the postoperative 
period, and patients should be forewarned about these issues. 
An audiogram is necessary to determine if hearing is service-
able on the side of the meningioma. The MRI should include 
volumetric constructive interference in steady state ( ISS), fast 
imaging employing steady-state acquisition (FI STA), or similar 
sequences to assess cranial nerves and their spatial relationship 
with the tumor. A computed tomography ( T) scan is helpful 
in the assessment of the bony anatomy, including tumor cal-
cifications, pneumatization of the mastoid bone and petrous 
apex, dehiscence of the carotid canal, high position of the jug-
ular bulb, position of the cochlea and superior semicircular 
canal, and geniculate ganglion dehiscence if anterior petrosal 
approach is considered. Along with MR venogram, a cerebral 
angiogram and venogram can be useful in identifying the 
major feeding vessels of the meningioma and pattern of venous 
drainage (occlusion of superior petrosal sinus (SPS), location 
and drainage of the vein of Labbé, sigmoid sinus dominance, 
etc.). Moreover, preoperative embolization of difficult-to-reach 
arterial feeders, such as the ascending pharyngeal artery, and 
branches of the meningohypophyseal and inferolateral trunks 
of the internal carotid artery (I A), can be extremely helpful.

Taking together all the results from our preoperative evalua-
tion, we were faced with a large petroclival tumor that invaded 
into Meckel’s cave with significant extension medial and infe-
rior to the internal auditory meatus (IAM). The patient’s hear-
ing was intact and the mastoid was adequately pneumatized. 
There was edema in the superior cerebellar peduncle and the 
preoperative angiogram demonstrated two significant arterial 
feeders. The first arose from the accessory middle meningeal 
artery (branch of the internal maxillary artery) and the second 
from the posterior meningeal branch of the ascending pharyn-
geal artery (Fig. 13.2).

Options for Approach
Several surgical approaches can be used to resect petroclival 
meningiomas, including the retrosigmoid craniotomy, anterior 
transpetrosal approach, combined transpetrosal approach, or 
even the extended endoscopic endonasal approach ( A).

The retrosigmoid craniotomy is a quick approach into the 
posterior fossa familiar to all neurosurgeons. It can provide 
sufficient exposure to small-to-medium-sized tumors and is 
associated with less risk to the venous structures around the 
petrous bone. However, the trajectory to the tumor is through 
smaller windows between the cranial nerves, with only one 
line-of-sight. For large, calcified, and/or highly vascular tumors, 

significant retraction on the cerebellum would be required to 
provide sufficient exposure to the tumor, and even with this, 
access would still be very limited to the petroclival dura, Meck-
el’s cave, and the tumor interface with the brainstem and ves-
sels, medial to the cranial nerves.

With the refinement of skill and equipment, the A has 
become a viable, “minimally invasive” approach to resect pet-
roclival meningiomas. However, most cases that are suitable for 
this technique are “clival” rather than “petroclival” lesions. The 

Fig. 13.2 Preoperative angiogram. (a) Lateral and (b) anteropos-
terior projection views of a digital subtraction angiogram (DSA) 
following selective injection of the left external carotid artery. The 
tumor blush associated with the meningioma is readily identified. 
The main arterial feeders of the tumor were two posterior branches 
of the accessory meningeal artery and the meningeal trunk of the 
ascending pharyngeal artery. (c) 3D reconstruction of a DSA acqui-
sition following internal carotid artery injection. (d) Lateral projec-
tion views demonstrating elective catheterization of the accessory 
meningeal artery right before its division into its two branches. 
n ectable microparticles  m  were used to fill the distal 

feeders close to the tumor, followed by embolization of the trunk of 
the accessory meningeal artery with injectable microcoils. (e) The 
meningeal trunk arising from the ascending pharyngeal artery was 
also embolized, as shown in this anteroposterior projection view. 
(f) Final lateral projection view showing coils in both the accessory 
meningeal artery (blue arrow) and meningeal trunk of the ascending 
pharyngeal artery (yellow arrow).
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advantages of the A are that it provides wide and early access 
to the clival base of the meningioma and thus early devascu-
larization of the medial arterial feeders. It also obviates the 
need for temporal or cerebellar retraction. In cases of “clival” 
meningiomas, a wide midline view of the posterior fossa is 
obtained and the surgical trajectory does not intersect with 
the paths of the cranial nerves. However, in lesions with lat-
eral extensions (true “petroclival”), it may be difficult to obtain 
satisfactory tumor resection without mobilization of the I A. 
Additionally, even with adequate reconstruction techniques 
using vascularized flaps, the A is still associated with a signif-
icant risk of postoperative SF leak and meningitis.

To begin consideration of approaches through the petrous 
bone, the anterior petrosal approach as a stand-alone option 
is quick, and provides sufficient access medial to the acous-
tic–facial bundle and parts of the meningioma involving the 
cavernous sinus and Meckel’s cave. It allows for early devascu-
larization of the arterial feeders arising from the inferolateral 
trunk and internal maxillary artery. However, the surgical cor-
ridor is both narrow and deep, and the reach is limited inferiorly 
and posteriorly to the level of the IAM. It is ideal for petroclival– 
tentorial meningiomas with significant brainstem mass effect 
that pushes the trigeminal nerve laterally, and extensions into 
the Meckel’s cave and above the free edge of the tentorium.

Approach of Choice
In this case, the combined transpetrosal approach, coupling an 
anterior with a posterior petrosectomy, was chosen because 
it affords early devascularization at the tumor base and wide 
exposure of the tumor at its interface with the cranial nerves 

and brainstem. Additionally, the combined transpetrosal 
approach allows resection of tumor in Meckel’s cave and on the 
lateral wall of the cavernous sinus.

Highly modular in nature, a posterior petrosectomy can be 
tailored to the tumor size and specific location, as well as to 
the hearing status of the patient (Fig. 13.3). A retrolabyrin-
thine petrosectomy is chosen when hearing is still serviceable, 
as with our patient. In larger lesions associated with hearing 
loss, a translabyrinthine approach may be used. A transcochlear 
approach, with rerouting of the facial nerve, has classically been 
described for even wider exposure, but we have not found it 
useful, and it entails an unacceptably high risk of facial nerve 
injury.

The main advantage of the combined petrosal approach is 
that it provides multiple lines-of-sight, each of which can be 
exploited for optimal dissection of the various cranial nerves 
and major vessels entangled by the tumor, thus reducing the 
risk of injury. In cases where there is brainstem pial infiltration 
by tumor, the wider exposure and multiple trajectories provide 
better visualization of the “carpet” of residual tumor that must 
be left on the brainstem, again making resection safer. Another 
major advantage is that minimal or no retraction of the cere-
bellar hemispheres and temporal lobe is needed to resect the 
tumor with posterior mobilization of the transverse–sigmoid 
junction (TSJ).

However, the combined transpetrosal craniotomy is a long 
and tedious operation that may increase “time-dependent” 
complications such as decubitus ulcers and thromboembolic 
events. In fact, some surgeons advocate staging the operation. 
Related to drilling and operating through the posterior petro-
sectomy, there is a small risk to the facial nerve in the mastoid 

Fig. 13.3 Various forms of the posterior 
petrosectomy. All of these are “presigmoid,” 
as the surgical trajectory is anterior to the 
sigmoid sinus. Progressive removal of the 
petrous ridge places the surgeon more an-
teriorly, with increasing exposure across the 
midline. The translabyrinthine approach is 
used in patients with non-servicable hearing, 
and the transcochlear approach requires 
mobilization of the facial nerve which results 
in facial palsy.
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segment, and a larger risk of venous infarction, either secondary 
to thrombosis/occlusion of the sigmoid sinus or, more impor-
tantly, of injury to the vein of Labbé. Detailed knowledge of the 
patients’ specific venous anatomy and their careful manipula-
tion can help reduce venous complications.

Questions

1. What anatomical landmarks can be used to identify the fal-
lopian canal and mastoid segment of the facial nerve during 
temporal bone drilling?

2. What cranial nerves are most at risk of injury during incision 
and resection of the tentorium?

3. Can you identify arterial branches that are most often feed-
ers of petroclival meningiomas?

4. What are the surgical implications of brainstem edema and 
how does it influence your surgical strategy

 ■ Description of the Technique
The day before surgery, the patient underwent endovascular 
treatment. The feeders from the accessory middle meningeal 
artery, as well as that from the posterior meningeal branch of 
the ascending pharyngeal artery, were successfully eliminated 
with injectable microcoils (Fig. 13.2f).

The following day, the patient was taken to the operating 
room. She was positioned in the supine position with a shoul-
der roll placed beneath the left shoulder. The head, fixed in a 
three-pin skull clamp, was then rotated 70 to 80 degrees to the 
right side (10–20 degrees from the horizontal plane) and the 
head was elevated above the level of the heart. This, in addi-
tion to a slight reverse Trendelenburg positioning of the surgi-
cal table, ensured good venous outflow to lessen intraoperative 
bleeding. The vertex was then tilted downward, a maneuver 
that allowed gravity-assisted “retraction” of the temporal lobe. 
The abdomen was prepared for harvesting a fat graft to repair 
the dural defect and fill the mastoid (see The Three Approach 

Elements).

The Three Approach Elements

Corridor: posterolateral and lateral

Craniotomy: temporal/retrosigmoid (L-shaped)

odifi io anterior + posterior petrosectomies, resection of 
tentorium, mobilization of TSJ

Navigation with both M I (T -weighted or ISS/FI STA and 
T -weighted with gadolinium) and T imaging fusion, as well 
as monitoring of motor evoked potentials and electromyogra-
phy of cranial nerves III (medial rectus muscle), V (masseter 
muscle), VI (lateral rectus muscle), VII (orbicularis oculi and 
oris muscles), IX (pharyngeal elevator muscle), X (vocal cord), 
and XI (trapezius muscle), were utilized.

Incision and Craniotomy
A “ -shaped” curvilinear incision was made, starting from the tip 
of the mastoid, going posteriorly 2 cm behind the approximate 

location of the TSJ and encircling the approximate location of 
the temporalis muscle. The incision should be anterior enough 
to allow exposure of the pterional keyhole. An “L-shaped” cra-
niotomy was then performed, combining a temporal and a 
retrosigmoid craniotomy, with the junction of the two strad-
dling the transverse sinus. Two burr holes were made above the 
transverse sinus and two others below. onnecting these burr 
holes and crossing the transverse sinus was performed first 
with the cutting and then the diamond burr to safeguard the 
sinus, which sometimes indents the occipital bone. The crani-
otomy was positioned as low on the floor of the middle fossa 
as possible. The retrosigmoid dura was exposed approximately 
2 cm behind the level of the sigmoid sinus to allow for posterior 
mobilization of the TSJ (see Operative Setup).

Operative Setup

Position: supine, head rotated 80 degrees, elevated with vertex 
down

Incision: “C-shaped” from mastoid tip, superiorly and then 
anteriorly

Bone Opening: “L-shaped,” temporal + retrosigmoid

Durotomy: presigmoid + subtemporal above transverse sinus

Petrosectomy
A retrolabyrinthine mastoidectomy was then performed (Video 

13.1). The outer landmarks defining the mastoidectomy form a 
triangle, with the mastoid tip inferiorly, the asterion posterosu-
periorly, and the root of the zygoma anterosuperiorly (Fig. 13.4a). 
A cosmetic mastoidectomy was first performed by removing the 
outer cortical bone of the mastoid en bloc with a bone chisel. 
Then, a large cutting burr with continuous irrigation was used to 
identify the first major landmarks, which included the temporal 
dura, the sigmoid sinus, and the sinodural angle (Fig. 13.5a). After 
switching to a diamond burr, the next landmark reached was the 
mastoid antrum, which was widely opened to allow identification 
of the incus (Fig. 13.5b). The short arm of the incus is a very useful 
landmark to identify the mastoid segment of the facial nerve that 
runs inferior to the lateral (horizontal) semicircular canal. Know-
ing this position allowed the surgical corridor to be safely widened 
around and below the labyrinth.

At this stage, all three semicircular canals were completely 
skeletonized and the bone overlying the infralabyrinthine dura 
was removed (Fig. 13.4b). The endolymphatic sac was discon-
nected from the vestibular aqueduct at the level of the  posterior 
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Fig. 13.4 Intraoperative images. (a) The exocranial limits of the mastoidectomy form a triangle; the asterion posterosuperiorly, the root of 
the zygoma anterosuperiorly, and the tip of the mastoid, inferiorly. The spine of Henle marks the external acoustic meatus. (b) Skeletonization 
of the semicircular canals during retrolabyrinthine mastoidectomy. LSC, lateral semicircular canal; PSC, posterior semicircular canal. SSC, supe-
rior semicircular canal;  (c) An anterior petrosectomy was then performed in Kawase’s rhomboid, delimited laterally by the GSPN, posteriorly 
by the  the arcuate eminence has been drilled down to the , anteriorly by the fifth cranial nerve and medially by the petrous ridge. 

N, cranial nerve  N, greater superficial petrosal nerve  , superior semicircular canal. (d) Exposure obtained after completing the com-
bined transpetrosal approach.

Fig. 13.5 Cadaveric dissection, left-sided mastoidectomy. (a) Removal of posterior (perisigmoid sinus) and inferior (mastoid tip) cells 
reveals structures such as posterior wall of external auditory canal (EAC), horizontal semicircular canal (HSCC), sigmoid sinus (SS), sinodural 
angle (SD), digastric ridge (DR). (b) By opening the lateral wall of the mastoid antrum (i.e., Koerner’s septum) and proceeding anteriorly, the 
short process of the incus becomes visible. AA, aditus ad antrum; EAC, posterior wall of external auditory canal; HSCC, horizontal semicircular 
canal; I, short process of incus; IB, incus buttress; MA, mastoid antrum; MF, middle fossa plate. (Reproduced from Adunka O, Buchman C, eds. 
Otology, Neurotology, and Lateral Skull Base Surgery. An Illustrated Handbook. 1st ed. Thieme; 2010.)
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semicircular canal. This allowed further drilling around the 
labyrinth and posterior mobilization of the sigmoid sinus. The 
transverse and sigmoid sinuses were uncovered with a large dia-
mond burr, and the remaining thin shell of bone over the sinuses 
was removed with a small and smooth-tipped rongeur.

An anterior petrosectomy was then performed. The tem-
poral dura was first elevated from the middle fossa from a 
posterior-to-anterior direction. The middle meningeal artery 
was sectioned at the foramen spinosum. The greater petrosal 
nerve was identified, as was the arcuate eminence. The tempo-
ral fossa dura was then peeled from V3 and partially from V2 
until Meckel’s cave came into view. After identification of the 
landmarks, drilling of the middle fossa rhomboid (Kawase’s 
quadrilateral) was done (Fig. 13.4c). The drilling also extended 
posteriorly above and behind the IAM and under the mandib-
ular division of the trigeminal nerve (V3) in order to maximize 
exposure of the posterior fossa dura and improve devasculari-
zation of the tumor.

Dural and Tentorial Incisions
After completion of the bone work, the posterior fossa (presig-
moid) and temporal dura were incised. This step is particu-
larly important in achieving posterior mobilization of the TSJ. 
A first incision was made parallel and anterior to the sigmoid 
sinus (the presigmoid incision) (Fig. 13.6). Then, a temporal 
incision was made along the base of the middle fossa extending 
above the transverse sinus. We usually extend this incision way 
beyond the TSJ posteriorly, .  cm above the TS to avoid any risk 
for the temporal veins draining into the TSJ. Incisions were then 
made above and below the SPS.

Tentorial resection started first by coagulation, ligation, and 
section of the SPS posteriorly. To preserve venous outflow, this 
is ideally done just anterior to the junction between superior 
petrosal veins and the SPS. A posterior incision of the tento-
rium was then made toward the free edge of the tentorium 
with direct visualization and protection of the trochlear nerve. 
The anterior incision of the tentorium should be adapted to the 
meningioma extension pattern, and for our patient with her 
large tumor, the Meckel’s cave was opened first starting along 
the lateral aspect of V3 cutting posteriorly, and then an inci-
sion was made at the superior margin of the porus trigeminus 
aiming medially and posteriorly through the tentorium. Major 
feeding vessels encountered during the sectioning of the tento-
rium were coagulated and cut. In some cases, we have found use 
for indocyanine green video angiography to tailor the dural and 
tentorial cuts. This freed piece of tentorium was then removed 
which opened a large window for tumor debulking.

After this stage, the TSJ can be safely and significantly mobi-
lized posteriorly providing a greatly widened surgical corridor 
which combined the presigmoid, the retrosigmoid, and subtem-
poral corridors (Fig. 13.4d). are was taken to ensure patency of 
the sinuses and of the vein of Labbé during this maneuver with 
intermittent monitoring with the Doppler probe. The tumor was 
disconnected from its petrous and clival base to achieve further 
devascularization. After extensive debulking, the tumor was 
dissected away from the brainstem and cranial nerves, starting 

laterally. The trochlear nerve was traced and preserved anatom-
ically. The abducens nerve was identified medial to the tumor 
and likewise preserved. Special care was taken at the level of the 
superior cerebellar peduncle, where there was significant edema 
on the fluid-attenuated inversion recovery sequence. Often, this 
is a sign of significant adherence between the pial surface and 
the tumor, and in such a case, it is better to leave a small piece of 
tumor than to cause brainstem injury. In this particular case, a 
clear plane was found (Video 13.1). xcept for a small extension 
into the cavernous sinus, the tumor was fully resected.

Closure
A well-designed reconstruction is an essential part of the sur-
gical plan. Primary dural closure is preferred, but often impos-
sible after an anterior petrosectomy or combined transpetrosal 
approach. For our patient, the dura was first reapproximated 
with sutures, and an onlay graft of pericranium plus temporalis 
fascia was positioned over the defect and sutured in place. The 
mastoid antrum was covered with a thin layer of bone wax, fas-
cia, and fibrin glue. The space created by the posterior petrosec-
tomy was filled with autologous fat and fibrin glue. The mastoid 
cortical bone and the bone flap were replaced and attached with 
miniplates. The rest of the closure was done in routine fashion.

Surgical Pearls

1. Preoperative cerebral angiography and venogram provide 
critical information for petroclival meningiomas. When fea-
sible and safe, embolization of arterial feeders can facilitate 
resection of the tumor and reduce intraoperative blood loss. 
Most important feeding arteries to petroclival meningiomas 
are branches arising from the inferolateral trunk and the 
meningohypophyseal trunk of the ICA. The middle menin-
geal artery and the ascending pharyngeal artery can also 
supply these tumors. In cases where there is brainstem 
edema, there often is blood supply from the pial surface, 
which cannot be embolized.

2. The surgical corridor in a combined transpetrosal approach 
is not only through the petrosectomies, as the posterior 
mobilization of the TSJ can provide wide access to the tumor 
as well. This maneuver, facilitated by strategically placed 
dural incisions and sectioning of the tentorium, opens a 
wide path by combining the presigmoid, the retrosigmoid, 
and subtemporal corridors.

3. Adequate closure is critical to the overall success of the 
operation. When a CSF leak occurs, it is usually through the 
middle ear or through an air cell in the middle fossa that was 
not ade uately closed. hese areas can usually be identified 
on the preoperative CT scan (dehiscent middle ear, zygo-
matic air cell, large pneumatized mastoid, etc.), and they 
need to be closed individually with great care. Our technique 
is to first cover the air cell with a thin layer of bone wax, 
supplemented by a layer of fascia and fibrin glue. n ury to 
the external auditory meatus should be avoided as it carries 
a very high risk of postoperative CSF leak.
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 ■ Aftercare
All patients should have an M I in the first  hours following 
tumor surgery to assess the extent of resection and any evidence of 
complications. Our postoperative MRI showed complete resection 
of the meningioma, except for a small residual inside the cavern-
ous sinus, and no evidence of retraction injury to either cerebel-
lum or temporal lobe (Fig. 13.7). We do not routinely use  lumbar 
drains or antibiotics after surgery, although we do occasionally 

perform lumbar punctures if patients  complain of headaches or 
show evidence of ventricular dilation on postoperative imaging.

 ■ Possible Complications and 
Associated Management
Transient or permanent diplopia due to abducens nerve injury is 
the most common complications after petroclival  meningioma 

Fig. 13.6 Dural and tentorium incisions. (a) The presigmoid dural incision was made parallel and anterior to the sigmoid sinus (the presig-
moid incision) and turned anterior, just below, and following the course of the superior petrosal sinus (SPS). (b) After retraction of the presig-
moid dural, a temporal incision was done along the base of the middle fossa and extended above the transverse sinus posteriorly. Care was 
taken to preserve the vein of Labbé and other major venous channels. (c, d) entorial resection was then done first by coagulation, ligation, 
and section of the SPS anteriorly. The anterior incision of the tentorium was started at the porus trigeminus laterally and directly medially to-
ward the entry of the trochlear nerve in its tentorial tunnel. The posterior incision of the tentorium was made where the superior petrosal vein 
drains into the SPS. This cut was extended medially toward the free edge of the tentorium while visualizing and protecting the trochlear nerve.
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resection. Trochlear nerve palsy occurs less frequently and has 
less impact on oculomotility. Other cranial nerves at risk are 
the trigeminal and the VII/VIII nerve complex. The trigeminal 
nerve is at risk during dura opening and tentorium resection, 
as it can be pushed upward and laterally by the tumor immedi-
ately behind the dura.

Postoperative SF leaks and pseudomeningocele are fre-
quent after resection of petroclival meningiomas and range from 

 to  and  to , respectively. If a SF leak occurs in the 

 immediate postoperative period, our first line of treatment is usu-
ally bed rest and lumbar drainage, unless the leak is deemed to 
be “high flow.” In such cases, immediate surgical reexploration is 
undertaken. sually, SF leakage occurs through the middle ear 
due to inadequate closure of opened air cells. Pseudomeningocele 
seldom requires treatment and is usually self-limiting. Brainstem 
infarction is another complication reported in the literature. The 
best way to avoid injury to the brainstem is to refrain from over-
aggressive dissection of meningioma adherent to the pial surface.

Fig. 13.7 Postoperative images. (a, b) Post-
operative axial T1-weighted MRI demonstrat-
ing subtotal resection of the meningioma 
with a small residual in the left cavernous 
sinus (yellow arrow). (c) Coronal T2-weighted 
M  showing the fat graft atop the floor of 
the middle fossa and the absence of signal 
change in the left temporal lobe. (d) 3D re-
construction showing the bone flap used and 
the reconstruction with titanium miniplates.
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Perspective
Walter C. Jean and Timothy R. DeKlotz

 ■ Introduction
The concept of breaking down complex surgery into approach 
“elements,” and picking the ideal elements to construct strate-
gic approaches to complex tumors, was explored in detail in the 
Introduction of this book. Nowhere is the power of this “build-
ing block” concept more clearly showcased than in the demys-
tification of surgeries for petroclival tumors. By separating the 
petroclival region into anatomical zones, and understanding 
the approach element most suited to attack each zone, the sur-
geon only has to assemble the elements to make one coherent 
operation. Rather than memorizing which massive operation 
fits which specific kind of petroclival tumor, the decision-mak-
ing process now borders on being formulaic, and definitely less 
intimidating.

Meningiomas of the petroclival region straddle the petro-
clival fissure and vary from each other with differing propor-
tions residing on either side of the fissure  on the petrous side 
or the clival side. Some surgeons consider only tumors that are 
medial to the trigeminal nerve as “true” petroclival meningi-
omas, but whether true or fake, we will consider all menin-
giomas of the petroclival region in this section. To begin this 
process, one must first understand the anatomical zones in this 
region, in which the tumors reside.

 ■ Zones of the Clivus
Looking at the clivus as a ramp, and following the axis of the ver-
tebral–basilar system, the clivus can be divided into three zones, 
each of which has an associated approach “element” that is best 

suited to access it (Fig. 13.8, Fig. 13.9). Zone 1 extends from 
dorsum sellae to internal acoustic meatus, and the approach 
uniquely fitted to attack this zone is the anterior petrosectomy 
using the lateral corridor. Superiorly located petroclival menin-
gioma often surrounds the proximal posterior cerebral artery 
and elevates the oculomotor nerve. This approach can provide 
access to these areas, and by drilling Kawase’s quadrilateral, 
the inferior limit of this approach is to the level of the internal 
acoustic meatus.

Fig. 13.8 Dorsal view of the petroclival region. Zone 1 of the clivus 
extends from the dorsum sellae to the line across the two internal 
acoustic meatus. Zone 2 is between this line and the line across the 
two jugular foramens. Zone 3 is from the latter line to the foramen 
magnum.

Fig. 13.9 Best-suited approaches to the three zones. (a) Dorsolateral view of the petroclival region. (b) Superior view of the same. The 
anterior petrosectomy is excellent in reaching lesions isolated in zone 1. It can reach superiorly to above the dorsum sellae, and inferiorly to 
the level of the internal acoustic meatus. The various forms of posterior petrosectomy, including the retrolabyrinthine and translabyrinthine 
approaches, are fitted to attack zone . ith incision of the tentorium, their superior reach is almost to the level of the dorsum sellae, and 
inferiorly they can reach the jugular foramen. The far-lateral approaches, with or without condylectomy, are most useful for zone 3.
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Case Presentation 1

A 54-year-old woman presented to clinic with progressively 
worsening headache for 2 years, multiple endocrinopathies, 
and deteriorating vision in her left eye. Her tumor extended 
slightly above the dorsum sellae, and engulfed the posterior 
cerebral artery and some portions of the middle cerebral ar-
tery (Fig. 13.10a). Inferiorly, it reached the level of the internal 
acoustic meatus but not below that. For these reasons, the vast 
majority of the tumor was resected via the lateral subtemporal 
corridor, using an anterior petrosectomy to access the petro-
clival region (Fig. 13.10b). An EEA was added to remove the 
sphenoid sinus component.

Zone 2 of the clivus is between the levels of the acoustic meatus 
and jugular foramen, and the various forms of the posterior 
petrosectomies through the posterolateral corridor are the 
most appropriate approaches to this zone. The basic form of 
the posterior petrosectomy is retrolabyrinthine (Fig. 13.3). By 
progressively removing more bone, partial or total labyrinthec-
tomy (i.e., translabyrinthine approach) increases the surgical 
exposure of the posterior petrosectomy, and allows the sur-
geon more flexibility to access the contralateral side of the cli-
vus. However, partial labyrinthectomy puts hearing at risk, and 
the translabyrinthine approach is reserved for patients with 
non-serviceable hearing. The final form of these approaches is 
the transcochlear approach, now rarely used because it requires 
posterior mobilization of the facial nerve with its associated 
morbidities. Although posterior petrosectomies can reach into 
zone 1, access to the level of the dorsum sellae would require 
massive retraction forces on the temporal lobe. Inferiorly, visu-
alization is limited below the level of the jugular foramen.

Zone 3 of the clivus is the lowest portion below the line drawn 
across the jugular foramens. The far-lateral approaches, with-
out or with resection of the occipital condyle (i.e., transcondylar 
approach) are the best suited approaches for tumors involving 
this zone. Again, the progressive removal of the occipital con-
dyle puts the origin of the surgeon’s line-of-sight more ante-
riorly, thus augmenting the ability to look across the midline. 
The superior limit of the approach is at the level of the internal 
acoustic canal, inferiorly, to .

Following the building blocks concept, petroclival meningi-
omas that extend over two clival zones may require combining 
approaches for safe removal. The first section of this chapter 
involved a tumor that straddled zones 1 and 2, and was resected 

Fig. 13.10 Images of Case 1. This is a 
superiorly located petroclival meningioma, 
mostly in zone 1. (a) Preoperative MRI 
showed a tumor that reached slightly above 
the dorsum sellae down to the level of the 
internal acoustic canal. On the left, this 
tumor also engulfed the posterior cerebral 
artery, small portions of the middle cerebral 
artery, and the oculomotor nerve. The vast 
majority of this tumor was removed using 
the lateral subtemporal corridor with an an-
terior petrosectomy to reach the petroclival 
region. (b) Postoperative view.

brilliantly by using the “combined transpetrosal” approach. 
When combining approaches to zones 1 and 2, it is important 
to remember that the balance and hearing apparatus separate 
the anterior and posterior petrosectomies, and in the case of 
zones 2 + 3, it is the sigmoid sinus that separates the presigmoid 
and far-lateral approaches.

Case Presentation 2

A 37-year-old man presented to the emergency department 
with progressive di culty walking for a month. is balance 
was so poor that he had experienced several falls. His menin-
gioma occupied zones 2 and 3, reaching from slightly above 
the level of the IAC to the foramen magnum (Fig. 13.11a). This 
tumor was resected via a staged, multidirectional approach, 
combining a retrolabyrinthine posterior petrosectomy (zone 
2) with a far-lateral transcondylar (zone 3) approach through 
the pre- and retrosigmoid corridors. The operation was staged, 
with all the bone work done on day 1, and tumor resection on 
day 2. A near-total resection was achieved with this tech-
nique (Fig. 13.11b).

 ■ Endonasal Corridor
With lines drawn across the internal acoustic meatus and jugular 
foramen on either side, dropping orthogonal lines from these to 
the midline clivus provides the measurement of the “central cli-
vus depth,” which ranges from 4 to 13 mm (Fig. 13.12). Tumors 
attached to the central clival depressions provide serious chal-
lenges to lateral or posterolateral approaches as there are “blind 
spots” behind sharp corners. Ironically, a more “basic” retros-
igmoid trajectory, including that gained by posterior mobili-
zation of the TSJ, might visualize these areas better but even 
so, the large distance-to-target remains daunting (Fig. 13.13). 
However, with the advancement of tools and technique, the A 
through the clivus (i.e., transclival approach) has revolutionized 
access to these locations.

Applied to petroclival meningiomas, the unique strengths of 
the endonasal endoscopic transclival approach are early elimina-
tion of the tumor blood supply from the clival dura, and relative 
short working distance when compared to lateral/posterolateral 
approaches. In this most “standard” form, the approach can access 
the central clivus from the floor of the sella turcica to the foramen 
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magnum. Laterally, its reach is limited by the paraclival segments 
of the I A, and the boundaries of the approach roughly corre-
lates with lines in the parasagittal plane intersecting Dorello’s 
canal (Fig. 13.14). arious modifiers increase the exposure from 
this “basic” form. An interdural pituitary transposition allows 
access to remove the dorsum sellae and posterior clinoid pro-
cesses, thereby augmenting superior reach. Drilling the anterior 
petrous apex behind the carotid artery (with or without lateral 

mobilization of the artery itself) can increase lateral access to the 
superior petroclival region next to zone 1. Alternatively, a con-
tralateral transmaxillary approach (via aldwell uc or Denker’s 
maxillotomy) can further facilitate the drilling of the petrous apex, 
offering a lateral reach not accessible through a purely endonasal 
approach. In zones  and , the “far-medial” extension of A 
allows the transclival approach to “flair out” laterally toward the 
jugular tubercle and occipital condyle (Fig. 13.14). onservatively, 
using some of these modifiers, leaving the riskier maneuvers to 
endoscopic specialists, a “souped-up” endoscopic transclival 
approach can safely reach a petroclival meningioma in all three 
zones bilaterally, from the level of the trigeminal nerves, all the 
way to the level of the left and right hypoglossal nerves.

The endonasal transclival approach warrants particular con-
sideration for reconstruction of the central skull base defect and 
separation from the nasopharynx. Full transclival defects pose 
a notably more complex reconstructive challenge than other 

A locations, in large part due to a significant dural defect as 
well as a high-flow leak with direct opening to the prepontine 
cistern. A modestly elevated incidence of postoperative SF 
leak and even pontine herniation have been reported. Nuances 
vary by institutional preference, although the typical closure 
entails a multilayer reconstruction consisting of a dural substi-
tute (or fascia lata), fat graft, and vascularized intranasal flap. 
The nasoseptal flap is particularly well-suited for local recon-
struction given its large size, pliability, and ability to tolerate 
adjuvant radiation should it be required.

Fig. 13.11 Images of Case 2. (a) Preoperative images of a petroclival meningioma occupying zones 2 and 3, extending from the level just 
above the internal acoustic canal to the foramen magnum. This tumor was resected via a staged, multidirectional approach, combining a ret-
rolabyrinthine posterior petrosectomy with a far-lateral transcondylar approach through the pre- and retrosigmoid corridors. (b) Postoperative 
images showed a near-total resection of the tumor.

Fig. 13.12 View of the clivus from foramen magnum toward the 
dorsum sellae. The central clival depth is measured from the clivus 
to a line drawn between the internal acoustic canal on either side. 
For patients with deep drops, tumor attachments at the central clival 
depression are hidden from lateral and posterolateral approaches. 
These attachments may be best accessed via an endonasal endo-
scopic transclival approach.
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 ■ Combining Open and 
Endoscopic Approaches
It must be apparent at this point that the strengths and weaknesses 
of the “open” and endoscopic approaches complement each other 
perfectly. The “open” approaches from the lateral or posterolateral 
trajectory are excellent in reaching the petrous portions which are 
difficult to access through A’s midline trajectory. On the other 
hand, the endoscopic approaches are perfectly suited to eliminate 
the meningiomas’ clival dural blood supply early in surgery, and 
reaching the clival tumor components sometimes hidden from the 
“open” approaches. For right-handed endoscopic surgeons, who 
like to operate from the patient’s right, petroclival meningiomas 
that are on the left side can even be resected simultaneously with 
combined “above-and-below” approaches. Whereas, for surgical 
teams that prefer staggering the timing of the two approaches, 
sometimes the time gap between stages can be surprisingly large.

Case Presentation 3

A 63-year-old man presented with several months of intermit-
tent diplopia. He had similar symptoms 13 years prior, and was 
diagnosed with a left cavernous sinus meningioma. He was treated 
with radiosurgery, and his symptoms resolved. Lost to follow-up 
for many years, the MRI done for his recurrent symptoms showed 
a large petroclival meningioma, extending from the left posterior 
clinoid to the level of the midclivus (Fig. 13.15). A staged ap-
proach combining EEA transclival and anterior petrosectomy was 
designed, but after the EEA (Video 13.2), surgeons and patient 
all elected to postpone the anterior petrosectomy (stage 2). Two 
years hence, the tumor recurred again, and this patient finally 
underwent stage 2 for successful removal of his tumor.

Fig. 13.13 Illustration of the tumor in the 
clival depression. Schematic drawing in axial 
orientation, showing that portions of the 
tumor attached to a deep clival depression is 
“blind” to approaches from the lateral trajec-
tory such as via a presigmoid, transpetrosal. 
A retrosigmoid (posterolateral) trajectory 
may visualize this portion better, but the 
distance to target is very large. SS, sigmoid 
sinus.

Fig. 13.14 Ventral view of the extracranial surface of the clivus. 
The colored areas are reachable via the endoscopic endonasal ap-
proach (EEA). The orange shaded area denotes the “box” that can be ac-
cess via the “standard” endoscopic endonasal transclival approach. The 
lateral borders roughly correlate with the parasagittal planes through 

orello s canal on either side. uperiorly, the “box” ends at the floor 
of the sella turcica and inferiorly at the foramen magnum. The purple 
shaded area indicates the region reachable with additional mobilization 
of the pituitary gland and drilling of the posterior clinoid process. The 
pink shaded area can be removed via the anterior superior petrosec-
tomy through the EEA. The green shaded area denotes the regions 
accessible by further drilling toward the jugular tubercle and occipital 
condyles (“far-medial” extension of the EEA).
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 ■ Potential Complications and 
Associated Management

ommon complications from endonasal endoscopic and micro-
scopic transpetrosal approaches for petroclival meningiomas 
have been well-described, and they include SF fistula, cranial 
neuropathies, brain injury related to venous infarction, and 
hydrocephalus. Brainstem injury can have a variety of causes 
and manifest in just as many forms. Direct injury from overzeal-
ous manipulation or dissection of an adherent tumor capsule 
from the brainstem can lead to problems ranging from motor 
deficits to difficulty with arousal. However, severe morbidities 
can also result from ischemic injury to the brainstem, which in 
turn can be traced to encasement of the basilar artery (BA) and 
its tributaries, large or small. This type of injury causes by far 
the most catastrophic neurological deficits, and its discussion is 
conspicuously underrepresented in the neurosurgical literature.

The majority of large petroclival meningiomas displace 
the main trunk of the basilar artery to the contralateral 
side (Fig. 13.16). However, it is far more common that these 
tumors, even small ones, would encase the ipsilateral pos-
terior inferior cerebellar artery, anterior inferior cerebellar 
artery, or the superior cerebellar artery (Fig. 13.1c), depending 

on the location of the tumor in the clival zones. Disentangling 
these major branches from the tumor, though cumbersome, 
time consuming, and risky, is usually feasible with meticulous 
microsurgical technique (Fig. 13.17). On the other hand, in the 
rare occasion that the tumor truly encases the basilar artery in 
the 360-degree manner (Fig. 13.16f), its perforating branches 
that supply the brainstem must travel through tumor to reach 
its target, and disentangling these delicate vessels from the 
tumor may be completely futile and ultimately dangerous to 
the patient (Fig. 13.17).

ncountering this situation poses the modern neurosur-
geon one of the greatest challenges in intraoperative decision 
making. Leaving the tumor between the BA and the brainstem 
would avoid damage to the perforating branches, but would 
there be too much tumor left and insufficient brainstem decom-
pression? Taking the tumor between the BA and the brainstem 
might ensure adequate tumor removal, but would that not 
injure all the perforating branches and lead to a brainstem 
stroke? A potential answer lies in the proportion of the tumor 
that is anterior to the BA versus posterior to it (i.e., between the 
BA and the brainstem). If the vast majority of the tumor is ante-
rior to the BA, and can be removed, then there is the possibility 
that the brainstem would be sufficiently decompressed, despite 
leaving the portion behind the BA as an intended residual. In 

Fig. 13.15 Images of Case 3. Top row: images of the petroclival meningioma, which was treated with radiosurgery 13 years prior, when it was 
much smaller and contained in the left cavernous sinus. Red arrows, surgical intervention; white arrow, passage of time. The patient underwent 
EEA transclival resection (down red arrow), but after 2 years, the tumor once again regrew. An anterior petrosectomy (horizontal red arrow) was 
then performed for a partial resection.



V Tumors Around the Clivus

178

Fig. 13.16 Six petroclival meningiomas. Smaller tumors, such as (b) and (c), may not involve in the basilar artery, but as shown in (c), they 
can yet entangle major branches, such as the superior cerebellar artery (orange arrow). Large meningiomas, such as (a), (d-f), almost always 
displace the basilar artery to the contralateral side and the relationship between tumor and basilar perforating branches are variable. In (f), the 
tumor surrounded the basilar artery completely, including multiple perforating branches.

Fig. 13.17 Excavating the basilar artery (BA) in two cases. (a–d) Images from case 1, also shown in Fig. 13.16a. (a) The left superior cere-
bellar artery (SCA) was sharply dissected away from tumor, toward the basilar apex. (b) A sharp hook was used to excavate the SCA further 
toward the basilar apex. (c) The proximal basilar artery was found. (d) The BA was successfully disentangled from tumor. As shown, there was 
no tumor existing between the BA and the brainstem. (e–h) Images from case 4, also shown in Fig. 13.16f. (e) The right SCA was excavated 
from tumor. (f) Bleeding from a perforating artery was coagulated. (arrow, take-off of perforating artery from the A . (g) Removing tumor 
in between the basilar artery and brainstem. (h) The basilar artery was disentangled from tumor which completely surrounded it. (arrow, 
the stumps of perforating arteries which were detached from tumor). BA, basilar artery; BS, brainstem; PCA, posterior cerebral artery; SCA, 
superior cerebellar artery; T, tumor.
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other words, it is a critical “judgement call” whether leaving 
tumor between the BA and brainstem as residual, thusly pro-
tecting the perforating branches, could still achieve the surgical 
goal, or whether it would lead to incomplete brainstem decom-
pression. It is my personal creed to err on the conservative side.

Case Presentation 4

A 70-year-old woman presented with multiple falls in recent 
weeks. She had noted problems with her equilibrium for about 
1 month. Her MRI showed a petroclival meningioma, occupying 
zones 1 and 2, but extending into zone 3 of the clivus, eccentric 
to the right (Fig. 13.18). Of note, both vertebral arteries end 
left of midline, and the BA also starts on the left and then 
becomes encased 360 degrees by the tumor for the rest of its 
course. A staged approach was designed, starting with a right 
anterior petrosectomy (stage 1). An EEA was intended for a sec-
ond stage in order to find the vertebral arteries on the left, and 
to trace the BA from its healthy segment into the inferior and 
medial portion of the tumor. However, during stage 1, multiple 
perforating branches were found traversing the tumor, which 
was adherent to the brainstem. While a vast majority of the 
tumor targeted via the anterior petrosectomy was removed, 
the patient suffered a brainstem stroke after stage .
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