










44 Krisht, Arnautovic, and AJ-Mdty

1. Minimal retraction of the cerebellum and the temporal lobes
2. Shortening of the operative distance to the clivus
3. Possible preservation of the neural and autologic structures (cochlea,

labyrinth, and facial nerve)
4. Preservation of the transverse and sigmoid sinuses, as well as the vein of

Labbe and several basal, temporal, and occipital veins
5. Early interception of the blood supply to the tumor on the posterior

petrous bone surface
6. Ability to drill and remove the invaded portion for the petrous bone
7. Availability ofa wide field of vision, providing multiple axes of dissection
8. Means for the surgeon to have a direct line of sight to the anterior and

lateral aspects of the brain stem.

Positioning the Patient

The patient is placed in a supine position, and the table is flexed 20- 30
degrees to allow elevation of the head and proximal trunk. The ipsilateral
shoulder is slightly elevated with a shoulder roll. The head is turned away fi-om
the surgical side, inclined toward the floor, and tilted toward the opposite side.
The position of the neck should be checked carefully to assure that contra·
lateral jugular vein compression has not occurred with this maneuver. The
head is then fixed in a three-point Mayfield headholder. After the patient is
properly positioned and the side for the incision is decided, the electrodes for
the electrophysiological monitoring are attached. \Ve routinely obtain brain
stem auditory-evoked potentials and median nerve somatosensory-evoked
potentials bilaterally. Facial nerve function is monitored using electro­
myography (EMG) of several facial muscles on the ipsilateral side. Monitoring
of other cranial nerves is performed in the same fashion when indicated.

Skin Incision

A reverse question-mark shaped incision is made starting at the zygoma in
front of the ear, circling above the ear, and descending two finger breadths
medial to the mastoid process (Fig. 3). The skin flap is elevated and then
retracted anteriorly and inferiorly. The large triangular pericranial f1ap with its
adequate vascular base is elevated and retracted over the skin f1ap all the way
to the level of the external ear canal. The temporal muscle is elevated and
retracted anteriorly and inferiorly, and the sternocleidomastoid insertion is
detached from the mastoid process and retracted posteroinferiorly (Fig. 4).
This allows adequate exposure of the temporal fossa, the mastoid process,
and the lateral posterior fossa regions.
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Fig. 3 The skin incision (right side, artistic illustration). Note its relationship to the
suture lines and bony landmarks, as well temporalis (TM) and sternocleidomastoid
(SM) muscles.

Petrosal Craniotomy

Four burr holes are made for a bone flap, two on each side of the trans­
verse sinus. One hole is made medial and just inferior to the asterion in the
posterior fossa and below the transverse sigmoid sinus junction, and another
hole is drilled at the squamal and mastoidal junction of the temporal bone
and leads to the supratentorial compartment (Fig. 4). These burr holes are
good markers of the exact location of the sigmoid sinus that lies between
them. The foot attachment of a high -speed craniotome is used to incise a
bone flap that includes the temporal bone above the tentorium and a portion
of the occipital bone. The burr holes flanking the transverse sigmoid region
are then connected using a thin rongeur or a B-1 attachment of the Midas
Rex drill. Care is taken to avoid drilling through the outer wall of the sigmoid
sinus, which protrudes outward and into a bony impression on the inner sur­
face of the skull. The bone flap is elevated, and the transverse sinus is
exposed, with special care being given to its attachment at the junction of the
transverse and sigmoid sinuses. This concludes the first part of the exposure
and leads to the second stage, drilling of the temporal bone.

Drilling the Temporal Bone

Drilling of the temporal bone requires a thorough knowledge of the
anatomy of the petrous bone and the surrounding structures. This part of the
procedure is performed using the microscope. The first step is to perform a
mastoidectomy using a high -speed air drill. The diamond bit is used when
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Fig. 4 The petrosa] craniotomy (eight side, anatomic specimen). The temporal and
sternocleidomastoid fascia (F) is rdlected inferiorly, whereas the temporalis muscle
(TM) is reflected anteriorly. The craniotomy is performed with burr holes located
above and below the transverse (T5) and the sigmoid sinuses (55). The course of the
sigmoid sinus is delineated, as is the expected level ofthe jugular bulb (IB). Note also
the position of the external acoustic meatus (EAM).

drilling near vital anatomical structures. The sigmoid sinus is exposed and
skeletonized distally to the region of the jugular bulb. The sinodural angle
(Citelli's angle), which identifies the location of the superior petrosal sinus, is
also drilled. Drilling of the mastoid begins behind the posterior wall of the
external ear canal and continues more deeply until the facial canal and the lat­
eral and posterior semicircular canals are reached. (The depth of the drilling
can easily be guided by the level of the antrum of the mastoid.) Once the sig­
moid sinus has been skeletonized, the retrolabyrinthine portion of the tem­
poral bone is removed, thereby exposing the posterior fossa dura in the
presigmoid region (Fig. 5). Drilling is continued along the petrous pyramid
toward the petrous apex region. Extra precaution should be exercised to pre­
serve the [Kial canal, as well as the middle and inner ear structures. Opened
air cells are obliterated with bone wax.
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Opening the Dura

The posterior fossa dura is opened anterior to the sigmoid sinus. The inci­
sion extends from the level of the jugular bulb upward to meet the supraten­
torial dural opening along the Hoor of the temporal fossa (Fig. 5). The
temporal lobe is gently retracted superiorly, anterior to the junction of the
vein of Labbe and the transverse sigmoid region. Extra precaution is taken to
prevent any kinking or compression of the vein of Labbe. The superior pet­
rosal sinus is then coagulated and cut. The incision is carried medially along
the tentorium and parallel to the petrous pyramid to the medial edge of the
tentorial incisura. This step is performed with extra precaution to locate and
preserve the trochlear nerve along its course medial to the incisura and as it
pierces the interior aspect of the tentorium. The tentorium is cut to allow
exposure of the upper portion of the tumor and the anterior and lateral
aspects of the brain stem. The trigeminal nerve rootlets frequently are seen
under the tentorial surface, stretched and separated by the tumor mass. The
dura of the posterior fossa is opened anterior to the skeletonized sigmoid
sinus, and its opening is continued inferiorly as far as the jugular bulb. The
cerebellar hemispheres then can be retracted posteriorly, allowing exposure of
the more lateral portion of the petroclival region inferiorly and of the more

Fig. 5 The dural exposure (right side, anatomic specimen). Drilling of the mastoid
process and the presigmoidretrolabyrintine portion of the petrous bone is completed.
The interrupted line delineates the dural incision. Also note the preserved semicircu­
lar canals, superior (SSC), lateral (LSC), and posterior (PSC); the external acoustic
meatus (EA1\1): the sigmoid sinus (SS); the superior petrosal sinus (SPS); the vein of
Labbe (Labbe); the emissary vein (EV); and the jugular bulb (JE). Note also the pos­
terior fossa dura (PFD).
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medial portions superiorly. This exposure precludes the need to CLlt the sig­
moid sinus and achieves the same advantage by alternating the position of the
microscope from supratentorial to infratentorial angles (Figs. 6A,B).

Resecting the Tumor

Mter the dura has been opened, further relaxation of the brain is obtained
by draining cerebral spinal fluid (CSF) from the arachnoid cisterns. Inter­
rupting the blood supply to the tumor, which is preferentially addressed first,
is performed by coagulating its dural attachment to the posterior aspect of
the petrous pyramid. The arachnoid over a chosen area of the tumor is then
opened, and the resection of the tumor is begun. The tumor is debulked
using a suction, a Cavitron Ultrasonic Surgical Aspirator, the bipolar coagu­
lation, and, occasionally, the laser, with care being taken to avoid injury to
the cranial nerves, which are usually splayed around the tumor. The VII and
VIII cranial nerves are more easily seen around smaller tumors. In tumors
that are very large often the nerves are significantly thinned and tlattened;
they may also be engulfed by the tumor. The posterior and anterior inferior
cerebellar arteries also may be elnbedded in the tumor. An angiogram may be
helpful in providing information related to these facts.

Once the tumor has been debulked, the surrounding capsule becomes more
mobile, and the arachnoidal planes can be dissected more easily. Preservation of
these arachnoid planes is crucial in order to preserve the adjacent neurovascu­
lar structures, including the brain stem, the cranial nerves, and the basilar artery
and its branches. Dissection of the lower cranial nerves off the inferior pole of
the tumor is performed very gently to avoid hypotension and bradycardia fi'om
vagal stimulation that can result ti-om aggressive handling. The VI nerve, which
is usually stretched anteriorly and inferiorly, is also dissected free from the
tumor <U1d followed distally. The tumor capsule is then dissected off the brain
stem, which is best done by preserving the arachnoidal plane in which all the
surface vessels are located. In some cases, the basilar artery may be embedded
in the tumor, in which event, extra precaution is needed to preserve the small
branches arising hom the basilar trunk. Although in the majority of cases
preservation of these vessels is possible with complete removal of the tumor, it
is Elr better to leave some tumor than to sacrifice these important perforating
vessels. Drilling the internal auditory meatus may be necessary if the tumor
extends into it, and, likewise, tl1e jugular foramen may require widening if the
tumor extends into it. Hyperostotic bony segments of the petrous bone are
drilled with a high-speed air drill using a diamond bit.

Closing the Wound

We routinely prepare the thigh as a donor site for a piece of fascia lata. We
also harvest subcutaneous fat from the thigh or from a separate abdominal
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Fig. 6 (A) The inferior intradural portion of the exposure (right side, anatomic
specimen). It allows visualization of the pons (P) the lower cranial nerve complex
(IX-X) and the trigeminal nerve superiorly (V). Note also the reflected dura (D), the
cut edge of the tentorium (T), and the anterior inferior cerebellar artery (AlCA).
(B) The superior intradural portion of the exposure (right side, anatomic specimen).
The visualized space extends trom the level of the oculomotor nerve (IIT) to the level
of the cranial nerves VII-VIII. Note also the posterior cerebral artery (P2 ), superior
cerebellar artery (SCA), pons (P), mesencephalic vein (V), IV nerve and the lateral
(LSC), posterior (PSC) and superior (SSC) semicircular canals.
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incision if necessary. The fascia lata is used as part of the Jural closure, and il
is usually fitted into the presigmoid region and held in place with stay
sutures. The remainder of the dura is closed in a watertight fashion, and a
subcutaneous fat graft is applied into the mastoid region above the grafted
fascia lata. The pericranium is then turned over the petrous bone and sutured
in place, followed by rotating the temporalis muscle over the defect and
suturing it to the edges of the sternocleidomastoid muscle. The soft tissues
are closed in multiple layers. Occasionally, we use fibrin glue to further rein­
force the watertight closure, and as an extra precaution. In our experience
meticulous closure has dramatically decreased the incidence of CSF leaks dur­
ing the postoperative period.

SURGICAL OUTCOME

Hakuba et a1. in 1977 reviewed the literature of reported petroclival menin­
gioma cases and found 44 cases, of which 31 had been treated surgically:
total removal was achieved in only three patients, 17 died within the first
month of the postoperative period, and another two became worse after
surgery. Of their own six cases of total removal, only one patient died.6Their
results were considered a major improvement in the surgical management of
these formidable lesions, and as a consequence, became a turning-point in
the use of surgery. In 1980, Yasargil et a1. reported even better results in their
experience with 20 clival cases, of which 13 were subtotal removals (intrathe­
cal radical, but with tumor left in the dural, epidural, and osseous areas) and
seven were total. Of the 13 subtotal resections, the outcomes were good
(fully employable) in six cases, fair in three cases, and poor in two cases, with
two mortalities. The remaining seven patients had total resections, and the
outcomes were good (self-supporting and working) in five and fair in two:
there were no mortalities. 3

More recent series also have reported zero mortality rates.8,IO,IUS The
improvement in the mortality rate occurred with increased extent of tumor
resection. The reported rate of total removal has increased from a low 25% up
to 86%.3,8,19,34 Symon et a!. followed 36 patients for up to twelve months post­
operatively; 26 patients had subtotal resections, and 9 had total resections.
Four patients died from problems related to recurrence that appeared
between 9 and 32 months postoperatively.19 Their results seem to favor
subtotal removal, but the follow-up period was not long enough to be con­
clusive, and further progression of the subtotally removed tumors is possible.

In 1991, Kawase et a!. reported on a series of 10 patients with spheno­
petroclival meningiomas on whom they used the anterior transpetrosal­
transtentorial approach; they achieved total tumor resection in seven patients
(70%), with no resultant mortality.36 That same year, Javed and Sekhar
reported their results using a variety of skull base approaches between 1983
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and 1990 on 52 patients with petrodival meningiomas. 37 They achieved total
tumor resection in 38 cases (73%), subtotal resection in 11 (21%), and partial
resection in 3 (6%); two postoperative deaths occurred, one from pneumonia
and the other from infectious complications. In 1992, Samii and Tatagiba
reported successful total removal in 27 (75%) of the 36 patients with petro­
dival meningiomas on whom they operated between 1978 and 1990. They
had no postoperative deaths and, in 83%, no severe morbidity.38

In our experience, total removal can be achieved in up to 86% of patients
with zero mortality. We previously have reported on 33 patients with menin­
giomas (n=21), schwannomas (n=7), and epidermoid tumors (n=5) who
were treated between 1983 and 1989; total removal was achieved in all but
3, all of whom harbored meningiomas. s

COMPLICATIONS

Complications related to surgical management of petroclival meningiomas
remains as high as 50% and usually are related to cranial nerve deficits that are
transient in the majority of cases. 3

,8.l8,19 The most serious complications are
related to brain stem injury, which can be devastating and is usually due to
compromise of the blood supply to the brain stem. U,5 In the more recent
series, these complications have decreased due to the use of microsurgical
techniques with magnification and a better understanding of the anatomic
behavior of these tumors, especially the knowledge that the preservation of
the arachnoid planes helps in recognizing the blood vessels in the vicinity of
the tumor and avoiding their injury.

Hemorrhagic venous inf3J"ction of the temporal lobe is another complica­
tion that can be devastating, especially if it occurs in the dominant hemi­
sphere. This is usually due to injury to or coagulation of the vein of Labbe or
the basal temporal veins. 3

,39 To avoid such injury, a thorough evaluation of
the preoperative venous phase of the angiogram is essential and helps in
delineating the major draining veins around the posterior temporal lobe
region. Occasionally, the vein of Labbe is not dominant, and a more anterior
and inferior vein plays the prominent role in the drainage of the temporal
lobe. Saving these veins is a necessity, as is minimizing their trauma during
surgery because, even though the veins may be anatomically saved, an
extended period of compression with the subtemporal retractors may cause
them to thrombose, leading to a dismal outcome.3

,8

Posterior fossa hematomas are potential complications after surgery of
petroclival meningiomas. Using the retrolabyrinthine presigmoid approach
should minimize the extent of retraction of the cerebellum, thereby decreas­
ing the trauma to it and the possibility of postoperative cerebellar hematoma
or swelling. Elevating the head during surgery may enhance venous drainage
and mask potential venous bleeders. For this reason, a Valsalva maneuver and
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jugular compression should be performed to confIrm meticulous hemostasis
before closure.

Depending on the size of the petroclival meningioma, any of the cranial
nerves is at risk of injury during surgery. The trochlear nerve can be injured
because of its flimsiness and softness, especially in its subarachnoid course in
the ambient cistern. To avoid its injury, we recommend isolating the nerve
and using the suction device with a control gauge. By decreasing the strength
of the suction and covering the nerve with a cottonoid, the chances of suck­
ing the nerve, which causes permanent injury, are decreased. Morbidity from
trochlear nerve injury is minimal, but can be troublesome. Complete injury
to the trigeminal nerve is less frequent due to its large size, but a trigeminal
nerve paresis is a hequent occurrence. This is a potentially serious complica­
tion due to the corneal anesthesia that may cause keratitis, a possibility that
becomes more likely when there is an associated facial nerve paralysis. In
these cases, we recommend immediate postoperative tarsorrhaphy to protect
the involved eye until the facial nerve functions are restored. Surgical manip­
ulation of the trigeminal nerve may also result in postoperative f:lCial pain,
anesthesia dolorosa, and/or a trigeminal neuralgia-type ofpicture. 3 The facial
nerve is usually displaced posteriorly by the tumor. The chance of its injury is
increased in proportion to the increase in the size of the tumor. When injury
occurs, intraoperative end-to-end anastomosis or graft repair is recom­
mended. Recovery has occurred in 40-80% of reported cases in acoustic
tumor series.l,s

Loss of hearing is common with patients with petroclival meningiomas. If
the hearing is normal, we recommend several steps to preserve a functioning
nerve. It is important to spare the cochlear blood supply and to apply cere­
bellar retraction in a caudal-to-rostral direction, which minimizes the chances
of traction injury of the nerve. In addition, extra precaution is needed during
the bone drilling phase to preserve the inner ear compartments. In the post­
operative period, injury to the vagus or glossopharyngeal nerves leads to sig­
nificant compromise in the cough and/or gag reflex, and, as a result, serious
pulmonary complications and pneumonia. These nerves should be handled
very gently, and if their injury is documented, we recommend an early tra­
cheostomy and tube feeding as preventive measures to avoid a prolonged and
morbid postoperative course from pulmonary complications.

CSF leakage is a potentially serious complication of the petrosal approach.
It is best avoided with a watertight closure that is supported with a fascia lata
flap and subcutaneous f:lt. The rotation of a vascularized temporal is muscle
flap helps seal the potential pathways of a CSF leak. Should a CSF leak occur,
\ve recommend elevating the head and inserting a continuous spinal drainage
system as the initial management. If the leak persists after a few days of
drainage, the leakage site should be verified with a CT cisternogram and re­
exploration of the wound and a watertight closure with a fascia lata graft
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should be performed. Occasionally, an underlying hydrocephalus may be the
precipitating cause and should be treated with a shunt.

CONCLUSION

Although surgical management of petroclival meningiomas remains a chal­
lenge to neurosurgeons, the advances in diagnostic imaging and micro­
surgical techniques, along with those of intraoperative monitoring devices,
render these lesions considerably more manageable than in the past. The
reports of successful surgical extirpation of these meningiomas, along with
our own experience, demonstrate that a radical surgery is indicated. The
complications can be disastrous, but most are less serious and transient, and
microsurgical techniques with magnification in conjunction with a better
understanding of the anatomic behavior of these tumors have greatly
decreased both the incidence and the severity of complications.
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