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Introduction

The suboccipital/retrosigmoid and translabyrinthine approaches
have been used as workhorses for surgical exposure to cerebel-
lopontine angle tumors; however, those tumors involving the
anterior cerebellopontine angle/petroclival junction have been
historically challenging to access.1 The facial nerve limits the
anterior view from the posterior fossa, and some tumors require
sacrificeof the cochlea and labyrinth (transotic [TO] approach) or

rerouting of the facial nerve (transcochlear [TC] approach for
adequate exposure. Whereas the TO approach can be used for
smaller tumors extending anteriorly,2 the TC approach is re-
quired to improve anterior exposure with larger tumors.3

The TC approach,first described byHouse andHitselberger
in 1976,4 provides wide access to the anterior cerebellopon-
tine angle and petrous apex with minimal brain retraction,5

but rerouting of the facial nerve generally leads to an initial
complete facial paralysis (House-Brackmann [HB] VI), and
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Abstract Objective To evaluate facial nerve function after excision of petroclival/anterior
cerebellopontine angle (CPA) meningiomas by the extended translabyrinthine
(EXTL) approach and compare these with outcomes after the transcochlear and
transotic approaches.
Design Retrospective chart review.
Setting/Participants A search of archived surgical cases at a single institution
between January 1, 1995, and January 1, 2012.
Main Outcome Measures Facial function measured on the House-Brackmann (HB) scale.
Results A total of 16 patients underwent the EXTL approach for primary excision of
petroclival meningiomas. Average tumor size was 4.6 cm, and six patients had gross
total resection. Average length of follow-up was 36.4 months. Two patients required
reoperation for tumor regrowth. Preoperative facial function was HB I or II in all
patients with available examinations. Immediate postoperative facial nerve function
ranged from HB I to HB VI. In patients with an intact facial nerve at surgery, all
but one had long-term facial function of HB I or II. A robust response on intra-
operative facial nerve monitoring was prognostic of favorable long-term facial
function. Facial function declined in some patients after postoperative radiation
or revision surgery.
Conclusions The EXTL approach allows excellent exposure of petroclival/anterior CPA
lesions and should be favored to improve facial outcomes.
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most patients have long-term facial function of HB III or
worse.3,6

Histologic diagnosis also affects facial nerve outcomes. In
their report of 40 patients who underwent TO and TC
approaches for cerebellopontine angle and clivus lesions,
De la Cruz and Teufert demonstrated that 55% of all patients
had normal facial function postoperatively, but those with
meningiomas had only a 20% incidence of long-term normal
facial function.3

Given the challenges of accessing the petroclival junction
and the particularly difficult task of preserving facial function
with meningiomas in this location, the current article aims to
describe the utility of the extended translabyrinthine (EXTL)
approach to meningiomas in this area. We propose that the
EXTL approach facilitates gross total resection of anteriorly
based meningiomas and has superior facial nerve outcomes
to the TC approach.

Materials and Methods

The current study was approved by the institutional review
board (IRB). A retrospective chart review of meningiomas
excised by the EXTL approach at a single skull base referral
center was completed including cases from January 1, 1995,
to January 1, 2012.

Each case was reviewed for patient characteristics includ-
ing patient age, tumor size, presenting symptoms, complica-
tions, outcomes, and the need for reoperation. The extent of
resection was categorized as gross total or subtotal. Facial
nerve preoperative, immediate postoperative, and long-term
facial functions were recorded, as well as response to intra-
operative facial nerve stimulation. The HB grading system
was used.7

Postoperative radiation therapy was recorded and length
of follow-up was calculated as the time from surgery to the
date of the most recent facial nerve examination.

Surgical Technique
For the purpose of this article, we describe the EXTL approach
as follows. A standard translabyrinthine approach involves
removal of bone from the middle cranial fossa, posterior
cranial fossa, and sigmoid sinus dural surfaces. Labyrinthec-
tomy is completed and the internal auditory canal skeletonized
in � 270 degrees of its circumference. The jugular bulb is
routinely identified and skeletonized as well. The extended
translabyrinthine approach then uses the corridors above and
below the internal auditory canal to remove all the bone of the
medial aspect of the petrous apex. The internal auditory canal
is skeletonized completely leaving the dura intact. Inferiorly
the limit is the inferior petrosal sinus, superiorly the superior
petrosal sinus, and anteriorly the petroclival junction. Com-
monly, the posterior two-thirds of the Meckel cave is decom-
pressed in the EXTL approach. The lateral limit of exposure is
the petrous carotid artery. This provides anterior access to the
pre-mesencephalic and pre-pontine space.

Because petroclival tumors and anterior cerebellopontine
angle tumors often displace the facial nerve/cochleovestibu-
lar nerve complex posteroinferiorly, this approach leaves the

dura of the internal auditory canal intact to help protect the
facial nerve during tumor dissection. The cochleovestibular
nerve likewise protects the facial nerve in the cerebellopon-
tine angle. If tumor extends into the internal auditory canal, it
is the last portion of the tumor to be addressed. This tech-
nique avoids the complete mobilization of the facial nerve
required in the TC approach.

Results

A total of 16 patients underwent the EXTL approach for
primary excision of meningiomas. One patient had a combi-
nation of EXTL and an extreme lateral approach. The mean
patient age at surgery was 54.4 years. Average tumor size was
4.6 cm, ranging from 3 to 7 cm in maximum diameter. All
surgeries were primary operations. Overall, 15 of 16 patients
were female. Presenting symptoms (►Table 1) included
ataxia, headache, weakness of extremities, vertigo, facial
weakness, facial pain/hypoesthesia, difficulty swallowing,
tinnitus, and hearing loss. The most common presenting
symptoms were hearing loss, imbalance/vertigo, and facial
numbness (cranial nerve [CN] V dysfunction).

Six patients had gross total tumor resection, and 10 had
subtotal resection. Subtotal resection was pursued in cases
where tumors extended inferiorly to the foramen magnum,
into the Meckel cave, or when the tumor was adherent to the
brainstem or other vital structures.

Complications (►Table 2) included various cranial neu-
ropathies, reexpansion edema, cerebrovascular accident, and
cerebrospinal fluid (CSF) leak. There was one postoperative
death due tomeningitis. Average length of follow-upwas 36.4
months (range: 3–92 months). Representative preoperative
and postoperative magnetic resonance imaging (MRI) is
shown in ►Figs. 1 and 2. Two patients required reoperation
for tumor regrowth, and one patient required reoperation for
CSF leak. Six patients underwent stereotactic radiation for
tumor residua/regrowth.

►Table 3 presents the facial nerve outcomes. Overall, 13
of 16 patients had available preoperative and postoperative
facial nerve examinations. Preoperative facial function was
HB I or II in all patients with available preoperative data (15
of 16 patients). In two patients, CN VII was cut because it
went through the tumor. Immediate postoperative facial
nerve function ranged from HB I to HB VI. In patients
with an intact facial nerve at surgery, all but one had
long-term facial function of HB I or II. Those patients who
had a positive intraoperative response to facial nerve
stimulation had good long-term facial function. Facial
function declined in some patients after postoperative
radiation or revision surgery.

Discussion

Surgical exposure of petroclival meningiomas has long been
considered a challenge for skull base surgeons; in fact, they
were historically considered unresectable.8 Most surgeons
today use the TO approach to provide access to smaller
tumors in this location, but the TC with facial nerve rerouting
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Table 1 Presenting symptoms

Patient Headache Hearing loss Tinnitus Vertigo/imbalance Ataxia Cranial neuropathy Extremity weakness

1 U VII

2

3 U U

4 U IX U

5 U U V

6 U U VI

7 U U V

8 U U U IX

9 V, VII

10 U

11 U U V U

12 U V

13 U U U

14 U U

15 U

16 U V

Table 2 Complication and postoperative course

Patient Cranial neuropathies Other complications Revision surgery (reason) Postoperative radiation

1 V Hydrocephalus, CVS Yes (tumor regrowth)

2 Meningitis/death No

3 V, VI No

4 III–VI (partial) No U

5 V, VI No U

6 V, VI Tympanic perforation No U

7 No

8 Tracheostomy/PEG Yes (tumor regrowth) U

9 Reexpansion edema;
tracheostomy/PEG

No U

10 IV Reexpansion edema/
small brainstem hemorrhage

No

11 Corneal hypesthesia;
keratoconjunctivitis

No

12 VI No

13 IV No

14 No U

15 CSF leak Yes (CSF leak)

16 Reexpansion edema,
transient hemiparesis

No

Abbreviations: CSF, cerebrospinal fluid; CVS, cerebral vasospasm; PEG, percutaneous endoscopic gastrostomy.
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is required for larger lesions. These approaches have varying
reported degrees of long-term facial nerve dysfunction in the
literature.

In a retrospective review of skull base lesions extending to
the petrous apex approached TO or TC, De la Cruz and Teufert
reviewed 40 patients who underwent a TO or TC approach,
with average tumor sizes of 2.4 cm and 4.4 cm, respectively.3

They report that 42% of patients had normal facial function
(HB I) at the time of discharge; 55% of patients had normal
facial function at long-term follow-up. However, in that study,
8 of 10 patients who underwent a TC approach had facial
function graded as a HB VI, or complete paralysis, at the time
of discharge. Of these patients, only one recovered to a HB II or
better at long-term follow-up. Although the TO approach
preserves facial nerve function, it provides adequate expo-
sure only for smaller tumors; the TC approach has improved
exposure but shows definitively worse facial nerve outcomes.

Other approaches to petroclival meningiomas have also
been described including transzygomatic extended middle
fossa,9 far-lateral transcondylar,8 extended middle fossa,10

transpetrosal-transtentorial,11 and a standard retrosigmoid
approach. Each of these carries its own advantages and
disadvantages, offering varying degrees of exposure and
requiring different levels of brain retraction. As discussed

later, the EXTL approach allows good exposure of the anterior
petrous apex, and as with the translabyrinthine approach, it
avoids significant brain retraction. Baugh et al also describe a
combined middle fossa/retrolabyrinthine approach that al-
lows for hearing preservation, although their average tumor
size was smaller than the average reported here (3.1 cm as
opposed to 4.6 cm).12

In the current study, the EXTL approach allowed for gross
total resection in 6 of 10 patients. In patients with subtotal
resection, tumor was left behind because it was adherent to
vital structures or extended through the foramen magnum
or into Meckel’s cave. Only 2 of 16 patients required reoper-
ation for tumor residua/regrowth, and 6 underwent post-
operative radiation. This is comparable with revision
surgery rates with the TC approach, as in De la Cruz and
Teufert’s review, where 1 of 13 patients required revision
surgery for tumor regrowth.3 Although these authors report
a 93.3% rate of gross total removal with the TC approach and
a 92% rate with the TO approach, their patient population is
disparate from ours (including patients with acoustic neu-
romas). Bambakidis et al report a rate of gross total resection
closer to ours (43%) in their review of 46 patients who
underwent various approaches for resection of petroclival
meningiomas.13 Angeli et al report a high rate of gross total

Fig. 2 Patient with a 5.1-cm left petroclival meningioma excised by an extended translabyrinthine approach (gross total resection). (A)
Preoperative T1-weighted magnetic resonance imaging (MRI) with gadolinium. (B) A 3-month postoperative fat-saturated T1-weighted MRI with
gadolinium. (C) A 3.5 year postoperative T1-weighted MRI with gadolinium.

Fig. 1 Patient with a 3.5-cm left petroclival meningioma excised by an extended translabyrinthine approach (subtotal resection as tumor capsule
left on brainstem). (A) Preoperative T1-weighted magnetic resonance imaging (MRI) with gadolinium. (B) Immediate postoperative T1-weighted
MRI with gadolinium. (C) A 5-year postoperative fat-saturated T1-weighted MRI with gadolinium.
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resection (82%) in their series of 24 tumors of varied
histology approached either TO or TC, but these tumors
were of varied histology, and some patients required a
second stage for residual tumor.14 The recurrence rate is
11% in their series. The follow-up time in the current study
(36.4 months) is comparable with those reported in the
literature,3,14,15 as is our reoperation rate. The strict defini-
tion of gross total resection used in this studymay inflate the
number of patients in the subtotal category. In fact,►Fig. 1A

shows a subtotal resection (tumor capsule left on brainstem)
in which the immediate postoperative and 5-year postoper-
ative MRIs show no tumor. These results demonstrate that
the EXTL approach provides adequate exposure for optimal
resection of petroclival tumors.

The EXTL approach has been described for surgical access
to very large acoustic neuromas.16 Gurgel et al report that the
EXTL approach has poorer facial nerve outcomes than either
the translabyrinthine or retrosigmoid approach in a meta-
analysis of acoustic neuroma patients, but they point out that
this is likely a selection bias because the EXTL approach is
reserved for much larger tumors.16 As described earlier,
patients with petroclival meningiomas have been reported
in some series to have worse long-term facial function than
other tumors of the anterior cerebellopontine angle and
petroclival junction. In a retrospective study of 50 patients
who underwent different surgical approaches to petroclival
meningiomas, 44% of patients had new CN deficits after
surgery, and 20% had facial weakness.8 These deficits were
determined to be transient by follow-up examinations in only
41% of patients.

The TC approach generally leads to poorer facial nerve
function overall than reported in this study because of nerve
rerouting. As described earlier, De la Cruz and Teufert show a
HB I or II in only one of eight patients undergoing a TC
approach,3 and five of these underwent facial nerve neuro-
rrhaphy. Although some reports show better results with TC
facial nerve outcomes, such as Angeli’s 60% HB III or better at
long-term follow-up after the TC approach, rerouting the
nerve nearly always results in transient facial dysfunction
(95% of patients).14 Devèze et al describe 43 patients who
underwent transpetrosal resection of meningiomas with 73%
achieving HB I or II; however, most of these patients under-
went widened retrolabyrinthine and translabyrinthine ap-
proaches without rerouting of the facial nerve.15 Although
the two patients who required CN VII to be cut at surgery in
the current study had a HB VI at long-term follow-up
(►Table 3), the remaining 10 of 11 patients with long-term
follow-up data were graded as HB I or II. The EXTL approach
for resection of petroclival meningiomas has superior facial
nerve outcomes than the TC approach in the immediate
postoperative period as well as in long-term follow-up. As
shown in►Table 3, a robust response on intraoperative facial
nerve monitoring was a favorable prognostic sign. It is not
surprising that facial nerve function declines with further
surgery or radiation therapy.

The presenting symptoms and complications in this study
are consistent with those in the literature. Perturbation of
balance, hearing loss, headache, and tinnitus are commonly
described symptoms for lesions in this location.6,15,17 Brain
edema, hydrocephalus,meningitis, amongother complications,

Table 3 Facial nerve outcomes

Patient Preoperative
function

Intraoperative
stimulation

CN VII
cut

Immediate
postoperative

2–4 wk
postoperative

Long-term
function

Follow-up,
mo

Other treatment
(facial function)

1 HB II Negative Reoperation

2

3 HB I HB VI HB III HB I 17

4 HB I Positive HB VI HB I 32 XRT (HB II)

5 HB I HB V HB II 22 XRT

6 HB I Yes HB VI 11 XRT

7 HB I Positive HB III HB IV 92

8 HB II HB I 54 Reoperation
(HB II); XRT

9 HB II Yes HB VI 61 XRT

10 HB I Positive

11 HB I Positive HB II HB I 53

12 HB I Positive HB I HB I HB I 47

13 HB I HB I HB I HB I 38

14 HB I Positive HB III HB I 29 XRT (increased
weakness)

15 HB I Positive HB II HB VI HB II 14 Reoperation

16 HB I Positive HB I HB II HB I 3

Abbreviations: CN, cranial nerve; HB, House-Brackmann grade; mo, months; XRT, radiotherapy.
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have been reported with other approaches, such as the TC
approach,6,14 and they are equivalent to the findings reported
here. CN dysfunction other than the facial nerve are not
uncommon, with diplopia especially prevalent, as in this
study.3,14,15

Although the current study is limited by its retrospective
nature and a limited number of patients, it provides a
convincing representation of patients treated successfully
with the EXTL approach for petroclival meningiomas. The
EXTL approach has similar reoperation rates as the TC ap-
proach and does not require rerouting of the facial nerve. The
avoidance of facial nerve rerouting affords improved imme-
diate and long-term facial nerve function compared with the
TC approach.

Conclusion

The EXTL approach should be considered for meningiomas
involving the anterior cerebellopontine angle and petroclival
junction. Although larger studies of the EXTL approach are
needed to further define its outcomes, the current study
demonstrates that the EXTL approach provides superior
preservation of facial nerve function compared with the TC
approach.
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