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Abstract The authors describe a modified anterior
transpetrous approach (ATPA) for the surgical resection of 21
cases of petroclival meningiomas (PCMs). Briefly, a curved
periauricular skin incision was used. The cerebellar tentorium
and the dura on the petrous apex were coagulated and incised to
expose the petrous apex bone fully. The drilling of the petrous
apex bone was performed subdurally and began internally from
the trigeminal impression, not exceeding 1.5 cm laterally, not
exceeding 6 mm from the posterior edge of the petrous ridge,
and not exceeding 8 mm in depth from the surface of the
petrous bone. The tumors were removed totally in 12
(57.1 %) cases, subtotally in 8 (38.1 %) cases, and partially in
1 (4.8 %) case. The transient neurological deficit includes mild
oculomotor nerve palsy in three cases, abducens nerve palsy in
six cases, language disorder in three cases, and mild hemiplegia
in two cases. Facial numbness became worse postoperatively in
six patients, and only two patients improved at 6 months after
surgery. No death occurred in this series. The modified ATPA is
an efficient treatment alterative for large or giant PCMs located
at the medial and superior internal acoustic meatus with rela-
tively low risk of complications.
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Introduction

Advances in microsurgical techniques, cranial base surgical
approaches, and diagnostic neuroimaging methods together
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with routine intraoperative neurophysiological monitoring
have contributed to reduce the morbidity and mortality rates
of petroclival meningiomas (PCMs) [7, 19, 20, 22, 24, 30].
However, the permanent neurological deficits and poor func-
tional outcome rates are still relatively high [18, 19, 22, 30,
33]. Microsurgical treatment of large and giant PCMs re-
mains a formidable challenge for most neurosurgeons be-
cause these tumors frequently adhere tightly to brain stem
and encase the cranial nerves, basilar artery, and its perfora-
tors. Sufficient exposure of the base of the PCMs is critically
important for complete resection of the tumor and protection
of adjacent structures. Anterior transpetrous approach
(ATPA) is a less aggressive skull base approach and could
provide sufficient exposure for the petroclival area and has
additional advantages for a selected group of PCMs [12].
Besides, there are also several disadvantages such as trou-
blesome extradural bleeding and the risk of damaging facial
nerve and internal carotid artery. In this article, our surgical
experience with a simple, modified anterior transpetrous
approach is reported.

Patient data and methods
General data

From June 2009 to June 2011, 21 large or giant PCMs were
resected via the modified ATPA at the skull base unit of
Beijing Tiantan Hospital. The clinical data of the 21 patients
were reviewed retrospectively. They included 5 males and 16
females who ranged in age from 30 to 69 years (mean 50.9+
11.1). The course of disease ranged from 2 to 204 months
(mean 36.7+48.8 months). Of the 21 PCMs, 10 were located
in the left side and the remaining 11 were located in the right
side. The most common clinical symptoms included head-
ache and dizziness, followed by facial numbness. The occur-
rence rate of the clinical symptoms and signs is listed in
Table 1.
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Table 1 Preoperative symptoms and signs

Symptom/sign Number of patients (n=21)

18 (85.7 %)
13 (61.9 %)

Headache, dizziness

Facial numbness

Facial pain 7 (33.3 %)
Impaired hearing 5(23.8 %)
Diplopia 5(23.8 %)
Limb weakness 4 (19.0 %)
Visual deterioration 3 (143 %)
Ataxia 1 (4.8 %)

Facial palsy 1 (4.8 %)

Neuroradiological evaluation

Contrast-enhanced magnetic resonance imaging (MRI) and
computed tomography (CT) results were evaluated before
surgery for all patients. Thirteen patients (61.9 %) had radio-
graphic evidence of cavernous sinus (CS) invasion, and nine
patients (42.9 %) exhibited brain stem adherence and edema.
There were 3 tumors with their lower margin within upper
clivus, 17 extended to the middle clivus, and only 1 case
extended to the lower clivus. All of the tumors were confined
in the medial side of the internal acoustic meatus (IAM).
Tumor size was defined as the greatest contrast-enhancing
tumor diameter on MRI or CT scans. The size of the tumors
was graded according to the classification of Natarajan et al.
[22] as small (<1.0 cm), medium (1.0-2.4 cm), large (2.5-
4.4 cm), and giant (>4.5 cm). In this study, there were 13
cases of giant tumors and 8 cases of large tumors.

Postoperative MRI scans were obtained for the extent of
resection determination in each patient within 3 months of
surgery (Fig. 1). Tumor removal degree was divided into
three grades according to intraoperative observation and
postoperative MRI findings: (1) Gross total resection: no
tumor residual showed on the immediate postoperative
MRI or by the surgeon's observation under the microscope
during the operation; (2) subtotal resection: tumor residual
less than 10 % of original volume; and (3) partial resection:
tumor residual larger than 10 % of original volume. Tumor
recurrence was defined as any newly identified enhancement
after gross total resection or any increase in tumor volume
after near total resection or subtotal resection.

Surgical technique

The patient was placed in a lateral decubitus position with
routine monitoring of cranial nerves [II-XII and brain stem
auditory evoked potential. The skin incision began 0.5 cm
below the zygomatic arch, 2 cm anterior to the tragal notch,
and extends 10 to 11 cm superoposteriorly (Fig. 2a). The skin
over the zygomatic arch was incised, and the temporalis
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Fig. 1 MRI images of petroclivus meningioma. a, b Preoperative
contrast MRI images. There is a tumor significant enhancement (white
arrow) located at right petroclivus area and extending into right middle
fossa, cavernous sinus, and sphenoid sinus. ¢, d Postoperative contrast
MRI images. The tumor was subtotally removed. The intra-sphenoid
sinus component of the tumor appears residually (white arrow)

fascia and the periosteum were left intact. After the skin
flap was elevated, the periosteum covering on the zygo-
matic arch was cut near the temporomandibular joint and
was elevated from posterior to anterior. The elevating
maneuver was confined to the subperiosteal plane so that
the frontotemporal branches of the facial nerve are preserved
in the soft tissue flap. The temporalis fascia was opened with a
tilted T-shaped incision (Fig. 2b). The temporalis muscle was
incised curvely along the temporalis muscle fiber direction
(Fig. 2b) starting from the top of mandibular joint and
extending to the end of skin incision. Then, the temporalis
muscle was retracted bilaterally with a self-retaining re-
tractor. A 4x6-cm bone flap was elevated. The craniotomy
was centered above the external auditory canal. Bone was
removed to the floor of the middle cranial fossa with
ronguers and drill.

After dura was opened and reflected as an inferior base
flap over the zygomatic arch, the temporal lobe was elevated
gently with a self-retaining retractor. Careful attention was
given to the protection of the vein of Labbé and the large
draining veins in the base of temporal lobe to prevent post-
operative cerebral hemorrhage due to vein occlusion.
Hyperventilation, osmotics, and cerebrospinal fluid (CSF)
drainage are used when appropriate. The tentorium was
transected behind the entrance of trochlear nerve and then
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Fig.2 Operative pictures. a The patient's position and the skin incision.
The patient was placed in a lateral decubitus position. The head was
fixed in a three-point Mayfield head holder. The curvilinear skin inci-
sion was used. b Exposure of temporal bone. The temporalis fascia and
muscle were cut in an inferoanterior to superoposterior manner (black
dashed line). The temporalis fascia was then incised superoanteriorly
(white dashed line). The temporalis fascia and muscle were retracted
bilaterally with a self-retaining retractor. The temporal bone and the
posterior part of zygomatic arch were exposed (black star). ¢ The
transection of tentorium of cerebellum. The tentorium of cerebellum
was transected posterior to the entrance of trochlear nerve (black dashed

along the superior petrosal sinus. The dura on the petrous apex
was coagulated and incised along the superior petrosal sinus.
The superior petrosal sinus was elevated from petrosal bone
and then cauterized and divided (Fig. 2c). The dura on the
petrous apex was elevated medially until the trigeminal im-
pression was identified. A part of tentorium was removed to
enhance the exposure of the posterior fossa (Fig. 2c¢). The
petrous apex bone was thus exposed (Fig. 2d) and the drill
beginning internally from the trigeminal impression, usually
not exceeding 1.5 cm laterally, forwardly not exceeding 6 mm
from the posterior edge of the petrous ridge, and not exceeding
8 mm in depth from the surface of the petrous bone (Fig. 3).

After petrosal apex bone removal (Fig. 2e), Meckel's
cavity and the dura in the middle skull base were incised
forwardly along the third root of trigeminal nerve. The base
of the tumor in CS was often located at the upper dura of the
Meckel's cavity and could be dissected safely. The tumor was
debulked with an ultrasonic sound absorber. Special care was
taken to avoid injury of the trochlear nerve, oculomotor
nerve, trigeminal nerve, abducens nerve (Fig. 2f), and
basilar artery and its branches. In cases where the tumor
was closely adhered to basilar artery or brain stem, a
subtotal removal was recommended because complete

line I) and then along the superior petrosal sinus (black dashed line 2).
The dura on the petrous apex was coagulated and incised along the
superior petrosal sinus (black dashed line 3). The superior petrosal sinus
was elevated from petrosal bone and then was cauterized and divided
(white dashed line 4). A portion of tentorium was removed to enhance
the exposure of the posterior fossa (black triangle). d Exposure of the
tumor (7) and petrosal apex bone (white arrow). e The petrosal apex
bone was removed, and the base of the tumor was exposed (black
arrow). f After tumor was resected, the cranial nerves V and VI were
intact and could be visualized. T tumor, V cranial nerve V, VI cranial
nerve VI

Fig. 3 Illustration showing the drilling extent of petrous apex bone.
The trigeminal impression and the posterior edge of petrous ridge were
used as landmarks. The drill beginning internally from the trigeminal
impression, usually not exceeding 1.5 cm laterally (/ine 4) and not
exceeding 6 mm from the posterior edge of the petrous ridge (/ine B).
SGSPN sulcus of the greater superficial petrosal nerve, PEPR posterior
edge of petrous ridge, 77 trigeminal impression
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resection of these tumors would cause more serious morbid-
ities, including hemiplegia and coma. Hemorrhage in the
Meckel's cavity and the cavernous sinus after removal of the
tumor was managed by gelatin sponge tamponade. The drilled
petrous apex bone was sealed with bone wax. The dura was
closed in a watertight fashion. The bone flap was fixed in
place with titanium plate. The wound was closed in layers.

Results

All 21 cases underwent the modified anterior transpetrous
approach. The tumors were totally resected in 12 cases,
subtotally in 8 cases, and partially in 1 case. The partially
resected case had previously received surgical treatment and
v-knife therapy. The tumor was of a firm consistency, and
the subarachnoid space between the tumor and the brain stem
disappeared. Of the nine incompletely removed tumors, two
cases received radiosurgery because of the tumor regrowth
according to the follow-up MRI. The remaining seven cases
were followed up with only close observation. Two patients
experienced transient mild hemiplegia and recovered
within 2 months after the operation. Three patients de-
veloped language disorder after surgery, of which two
patients presented with delayed speech and one with
incomplete motor aphasia. All the three patients recov-
ered within 2 months after surgery. Other newly devel-
oped symptoms and signs, including abducens nerve
palsy, oculomotor nerve palsy, and facial numbness, are
listed in Table 2. Two patients developed symptoms of
meningitis after surgery and were cured after anti-
inflammatory treatment. Improvement of the preoperative
cranial nerve dysfunction is reported in Table 3. The
pathological examination reveals a meningioma in all cases.
Postoperative thin-slice CT shows the drilling extent of pe-
trous apex bone (Fig. 4). There were no deaths in this series
after the operation. All of the 21 patients had a KPS score
greater than 80 and were independent in daily life.

Table 2 Postoperative complications and newly developed cranial
nerve dysfunction

Postoperative Early postoperative At the end of
complications phase follow-up
Hemiplegia 2 0

Aphasia 3 0

Meningitis 2 0

Hearing impairment 1 1
Oculomotor nerve palsy 3 0

Facial palsy 1 0

Abducens nerve palsy 6 0

Facial numbness 6 4
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Table 3 Improvement of preoperative cranial nerve dysfunction

Cranial nerve Preoperative Postoperative

dysfunction occurrence (7) improvement (1)
Optic nerve 3

Oculomotor nerve 1

Facial numbness 13

Facial pain
Abducens nerve
Facial nerve

Auditory nerve

N = = AN = W

N W o~ B~

Caudal cranial nerves

Discussion

As large and giant PCMs often involve critical neurovascular
structures and brain stem, the surgical outcomes of PCMs
were once unsatisfactory with only very limited tumor remov-
al and/or high complication rates [5, 21]. As extensive skull
base microanatomic dissection work was initiated in the late
1980s, various skull base approaches including presigmoid
transpetrosal approach, ATPA, and so forth were developed
and applied for the treatment of PCMs [1, 2, 6, 28].

The presigmoid transpetrosal approach can expose the
tumor sufficiently and allow tumor removal via multiple
angles to improve the total resection rate [7, 8, 20, 22, 27].
It was once considered as the first option for PCMs and was
often followed by an overaggressive attempt of complete
tumor removal, even in cases of significant tumor—brain stem
adherence and vessel and cranial nerve encasement.
However, the increasing use of this complicated skull base
approaches also results in a consequent increase of approach-
related complications including high risk of infection, hear-
ing impairment, and high CSF leak risk [32]. Most PCMs are
slowly growing benign neoplasms [31]. Stereotactic radio-
surgery has been proved to be an effective treatment modal-
ity as a first-line treatment for small PCMs or as an adjuvant
to surgical resection [10, 13, 25]. Preservation of the quality
of life in the PCM patients has become the top treatment
priority. Therefore, many neurosurgeons have moved away
from performing complex transpetrosal approaches to treat
these challenging lesions. Less aggressive cranial base ap-
proaches have been used as alternative approaches for
PCMs, including the traditional retrosigmoid approach, the
subtemporal approach, the combined supra-infratentorial
keyhole approach, the anterior transpetrosal approach, and
the frontorbitozygomatic approach [3, 12, 18, 23,26, 32, 33].

The ATPA was first described by Bochenek and Kukwa
[4]. Kawase and colleagues modified this approach in order
to expose the lower basilar artery, petroclival tumors, and
brain stem lesions [14—17]. This approach consisted of dril-
ling of the petrous apex extradurally through the middle
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Fig. 4 Postoperative thin-slice
CT of the presented case. The
postoperative thin-slice CT
shows the drilling range of
petrous apex bone (white arrow)

fossa to expose the cerebellopontine angle and cutting the
tentorium to better visualize the brain stem and basilar artery.
It also had the added benefit of allowing improved visualiza-
tion of the clivus across the midline. However, there are
several disadvantages to perform the anterior petrosal ap-
proach. First, it requires advanced anatomic dissection train-
ing. Second, extradural dissection is often associated with
troublesome extradural bleeding [9]. Third, the dura is usually
adhered firmly to the petrosquamousal suture, and the greater
superficial petrosal nerve is always medial to this suture.
Malmanipulation of greater superficial petrosal nerve would
result in facial nerve palsy [11]. Fourth, widely elevating the
dura of middle fossa could increase the postoperative CSF
leakage rate. Fifth, this approach requires another operation to
harvest fat tissue to obliterate the bone defect [9, 11].

In the last 2 years, a modified ATPA was developed and
used in the surgical treatment of 21 large and giant PCMs in
our department. Compared with the conventional ATPA, our
modifications are as follows:

First, a curvilinear incision was used in our cases. The
curvilinear incision in the ATPA for the surgery of PCMs
was first described by Hitselberger and his colleagues.
However, the incision used by Hitselberger begins closely to
the tragal notch which limits the anterior exposure of the
middle fossa and cavernous sinus. In our surgeries, the curvi-
linear skin incision was made at the midpoint of zygomatic
arc, and the temporalis fascia and the periosteum covering on
the zygomatic arch were left intact. After the skin flap was
elevated, the periosteum covering on the zygomatic arch was
cut near the temporomandibular joint and was elevated from
posterior to anterior. The elevating maneuver was confined to
the subperiosteal plane so that the frontotemporal branches of
the facial nerve are preserved in the periosteum flap.
Therefore, the curvilinear skin incision used in our cases is
more anteriorly and lower compared to that reported by
Hitselberger and could obtain better visualization of the ante-
rior part of middle fossa and cavernous sinus.

Second, the temporalis muscle was incised along the
direction of temporalis muscle fibers and was retracted bi-
laterally in our cases. As a result, much lower exposure of the
bottom of middle fossa and less temporalis muscle trauma
were achieved. In the traditional ATPA, the temporalis mus-
cle was generally cut and reflected inferiorly which would
obstacle the bottom exposure of middle fossa [9, 11, 14—17].
Although an additional zygomatic osteotomy could provide
a sufficient exposure to the middle fossa bottom [9], a zygo-
matic osteotomy and opening of temporomandibular joint
capsule would result in chewing dysfunction. As the tempo-
ral muscle is less affected, no significant postoperative tem-
poral muscle atrophy occurred in our series.

Third, drilling of the petrous apex bone was performed
subdurally. This method is commonly used and can also be
performed more easily by most neurosurgeons—with limited
dissection training course in the anatomy lab. Although
drilling the petrous apex bone subdurally was also men-
tioned in several reports [9, 32], the landmark and the extent
of bone drilling were not specified in these reports. In our
cases, the trigeminal impression and posterior edge of pe-
trous ridge were used as landmarks (Fig. 3). A 1.5%x0.6-cm
area of petrous apex bone drilling was sufficient to expose
the base of the petroclivus meningiomas. Simultaneously,
the internal carotid artery and the greater superficial petrosal
nerve were not exposed and were thus protected from dam-
age. In the traditional ATPA, a 2% 1-cm area of petrous apex
bone was drilled extradurally, and the horizontal segment of
the petrous internal carotid artery might have been exposed
and damaged [11]. The drilled petrous apex bone was sealed
with bone wax in this series, and fortunately, no postopera-
tive CSF leak occurred. This may be due to the case number
is small. Using temporalis fascia and fibrin glue to seal, the
drilled petrous apex bone might further reduce the risk of
CSF leak. In the present series, postoperative hearing loss of
the affected side was observed in one case, and transient mild
facial palsy occurred in one case.
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Nevertheless, there are also several concerns regard-
ing our modified procedure as compared with the con-
ventional ATPA: First, earlier subdural manipulation
may increase the risk of temporal lobe contusion.
Second, the draining veins of the temporal lobe might
have a higher risk of damage during this procedure. In
order to reduce the damage to the temporal lobe, it is
vital to decrease the intracranial pressure at the begin-
ning of the operation to reduce the damage of temporal
lobe. Several methods, including decreasing the airway
pressure below 16 cm during surgery and using of
250 ml 20 % mannitol, were used and decreased intra-
cranial pressure significantly during the operation. In
patients with a giant tumor, preoperative cerebrospinal
fluid drainage was used to decrease the intracranial
pressure. The damage of draining vein is often associ-
ated with high risk of postoperative hemorrhage and
significant edema in temporal lobe. Therefore, all of
the draining veins of the temporal lobe should be
protected as much as possible. If the subtemporal
draining veins enter into the middle fossa dura, the dura
should be cut along the course of vein to obtain a
sufficient mobilization of the vein. Following these prin-
ciples, only one elderly patient in our series presented
with mild radiographic brain contusion after surgery and
recovered very well. However, the draining veins could
not be preserved easily. The brain tissue of senior
patients is more vulnerable to the retraction. If there
are large draining veins on the base of temporal lobe
on the preoperative MRV images or the patient is in
advanced age, other approaches such as retrosigmoid
approach may be a better selection.

In large tumors, the brain stem was usually displaced
posteriorly and the surgical corridor to the tumor is usually
made by the tumor itself. The retrosigmoid approach is a fast,
easy, and straightforward approach and the tumor could be
removed with almost no retraction of the brain stem. In those
rather small PCMs, the brain stem was not displaced and the
tumors are more difficult to approach via posterior ap-
proaches. In PCMs with a firm consistency or contralateral
cranial nerve, involving the ATPA could provide a better
view and a wider surgical field and provide a better chance
to preserve the function of the brain stem and the contralat-
eral cranial nerve. Therefore, the true advantage of the ante-
rior petrosal approach is in the management of those rather
small, a firm consistency, and contralateral cranial nerve
involving PCMs.

Compared with the presigmoid approach, our modified
ATPA could obtain the gross total and subtotal tumor resec-
tion rate similar to that of presigmoid approach in a selected
group of PCMs, and it could also save 2-3 h in opening and
closing procedure time during operation without the risk of
causing sigmoid sinus injury. However, as the modified
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approach is unable to expose the lateral aspects of the
IAM, it is still necessary to use the presigmoid transpetrosal
approach or the combined suboccipital retrosigmoid ap-
proach when the tumor extend lateral to the IJAM.

Although many neurosurgeons suggest that the tumor in
cavernous sinus should be left behind to avoid cranial nerve
dysfunction, according to our experience, the base of most of
the tumors in cavernous sinus is located at the upper wall of
Meckel's cavity and could be easily dissected. As the tumor
inside the cavernous sinus is usually not significantly ad-
hered to the surrounding tissues, it could usually be removed
safely. To avoid damage to the surrounding nerves, hemo-
stasis of the cavernous sinus is usually achieved by gelatin
sponge tamponade rather by coagulation. If the tumor in
cavernous sinus was of a firm consistency, tumor would
adhere to the surrounding cranial nerves and vessels firmly
and a subtotal or partial removal would be recommended.

Postoperative hemorrhage in the brain stem is likely to
occur in patients that have T2-weighted MR imaging showing
severe brain stem edema. We have several such cases in our
carlier cases. Later, dexamethasone (10 mg, twice/day) or
methylprednisolone (80 mg, twice/day) was given intrave-
nously for 2 weeks and no postoperative hemorrhage occurred
in brain stem again even in cases where cerebral edema was
not relieved significantly on MR images. The presence of
brain stem edema on T2-weighted MR images and blood
supply to the tumor from the brain stem on the contrast
enhancement of MRI indicated a disruption of the blood—brain
barrier and invasion or adherence of the tumor to the brain
stem [29]. If the tumors invade or adhere to the brain stem or
the basilar artery and other important vessels are encased by
the tumor, a subtotal resection was recommended to avoid the
catastrophic complications. The residual tumor can be
followed up regularly by MRI. Should tumor growth be
detected, y-knife therapy could be considered.

Conclusion

In summary, the modified ATPA has the following advan-
tages: (1) It could provide sufficient exposure for the PCMs
located in the middle and upper petroclivus and the medial
side of the IAM. (2) It provides more sufficient exposure of
the bottom of middle fossa compared to the conventional
ATPA. (3) Neurosurgeons are more familiar with the proce-
dure, and there is less temporal muscle atrophy and less risk
of postoperative facial palsy and CSF leak compared with
the conventional ATPA. (4) And no other operation is needed
to obtain the fat tissue to repair the skull base.
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Comments

Feng Xu and Nicholas C. Bambakidis, Cleveland, USA

The authors described a modified anterior transpetrous approach for
the surgical resection of petroclival meningiomas. They transected the
tentorium and performed intradural petrous apex resection. The authors
concluded that the modified anterior transpetrous approach is an effi-
cient treatment alternative for large or giant petroclival meningiomas
located at the medial and superior internal auditory canal (IAC) with
relatively low risk of complications.

Anterior transpetrosal approach is best suited for small petroclival
meningiomas medial to IAC without extensive involvement with the
posterior fossa. Extradural anterior petrosectomy is limited by the
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greater superficial petrosal nerve (GSPN) laterally, petrous ridge medi-
ally, mandibular nerve anteriorly, and the IAC posteriorly. There are
potential surgical risks and complications. Firstly, traction injury of
GSPN can lead to facial nerve palsy. Secondly, there is the not insig-
nificant risk of postoperative CSF leakage as a result of an inability to
achieve adequate dural closure at the skull base. Intradural anterior
petrosectomy here is an alternative treatment option for removal of
petroclival meningiomas. However, this modified approach also re-
quires retraction of the temporal lobe and draining veins. The surgeon
would better evaluate the venous drainage pattern through magnetic
resonance venography before operation. The temporal lobe and
draining veins should be protected as far as possible during operation.

The modified approach is preferred for lesions which span both
middle and posterior cranial fossae and located medial to the IAC.
However, this approach is limited in its ability to expose lesions that
are located laterally to IAC. If lesions extended forward into the poste-
rior fossa or lateral to IAC, a posterior transpetrosal approach or
retrosigmoid craniotomy can be used. In recent decades, we have shift
from performing aggressive transpetrosal approach to conventional
retrosigmoid approach, particularly for lesions lateral to the IAC or
without a significant supratentorial extension. For large legions such
as those discussed in this paper, we continue to utilize an extradural
transpetrous approach. The intradural modification described in this
article seems to be a reasonable alternative in dealing with these chal-
lenging lesions.

Takeshi Mikami, Sapporo, Japan

In this paper, the authors introduced an intradural drilling tech-
nique for anterior petrosectomy in patients with petroclival menin-
giomas. Intradural drilling makes it possible to drill away only the
required field; this technique is widely used for removal of the
anterior clinoid process or jugular tuberculum. I agree that these
minimal exposures are reasonable and could help avoid extradural
complications. The authors have presented excellent results. The
following are some notes.

First, careful and meticulous drilling is required. The vein of Labbé
exits to the front in the surgical field, and management of this vein is
important. Second, in order to avoid catastrophic complications, the
authors recommended a subtotal resection in patients in which the
tumor has invaded the brain stem or vascular components. However,
wider exposure with extradural drilling or a presigmoid approach
may improve recognition in these adhered cases. As for the
reconstruction, a free graft without vascular supply must be used
for reconstruction of the petrous apex in the authors' modified
approach because of the minimal skin and temporal muscle inci-
sion. The authors reported that no CSF leaks were experienced in
this series. Indeed, the temporal fascia and fibrin glue can ade-
quately seal the petrous apex if the drilled space is limited. This
is because sinus pneumatization does not usually reach this part.
However, preoperative recognition of pneumatization using thin-
slice computed tomography should be considered important.

Although it is a beneficial technique that should be introduced
widely through publication, it is, unfortunately, not likely that this
report constitutes a new strategy for this surgical procedure. In addition,
this method does not reduce all of the surgical risks. An in-depth
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anatomical understanding of the temporal bone remains necessary for
surgery on petroclival meningiomas.

Florian Roser, Tiibingen, Germany

The authors report about a technical nuance in the surgical manage-
ment of petroclival meningiomas. They advocate an intradural
subtemporal approach to the petrous apex and demonstrate favorable
results. Although they present mainly “giant” petroclival meningiomas,
I think that the true advantage of the anterior petrosal approach is in the
management of rather small petroclival meningiomas, as these do not
displace the brain stem and are more difficult to approach via posterior
approaches. Moreover, petroclival meningiomas most often show a
cranio-caudal extension along the skull base. In the presented approach,
the visibility of caudal tumor parts at the level of the jugular foramen is
out of reach as well as rostral parts of tumors at suprasellar levels.

In true giant petroclival meningiomas, where the avenue to the
tumor is made by the tumor itself and almost no retraction of the brain
stem is necessary, the simple retrosigmoid approach is fast, easy, and
straightforward. Moreover, the intradural manipulation of Labbé's vein
in the discussed approach is more dangerous than in the extradural
Kawase approach. The fact that the authors did see complications in
only one patient does not mean it is safe. Altogether, this is a nice
extension in the armentarium of a skull base surgeon, but the indication
for this approach should be tailored and individualized.

M. Samii, V. Gerganov, Hannover, Germany

The authors presented their experience with a modification of the
anterior transpetrous approach to the petroclival area, Meckel's cave,
and medial cerebellopontine angle. Using this approach, in a series of
21 patients with large and giant petroclival meningiomas, they achieved
good results in terms of completeness of resection and morbidity rate,
which is certainly a merit of their surgical proficiency.

Over the last decades, the concept of surgery of these challenging
tumors advanced considerably. Currently, we know that extensive expo-
sure of skull base tumors with all surrounding neurovascular structures is
not a prerequisite for safe and radical removal. On the contrary, this may
increase the risk of complications. In case of petroclival tumors, we favor
the retrosigmoid approach with intradural resection of the suprameatal
tubercle—the so-called retrosigmoid suprameatal (Samii's) approach [1,
2]. Drilling of the suprameatal tubercle provides sufficient access to the
petroclival area, Meckel's cave, and even the posterior part of the cavern-
ous sinus [3]. Further exposure could be gained, if necessary, by addi-
tional incision and retraction of the tentorium. Rigid endoscopes allow for
detecting hidden parts of the tumor and even for resecting them using
appropriate angled instruments that are useful complimentary tools.
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