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The acquisition of microscopic and endoscopic tech-
niques in the surgical armamentarium has contribut-
ed enormously to the betterment of surgical outcome. 

The endoscopic-assisted technique has shown significant 
advantages in the management of various lesions through 
different approaches.2,3,26 Endoscopic techniques for cer-

ebellopontine angle (CPA) surgery have been well studied 
and applied to tumor resection, vascular decompression, 
and aneurysm surgery.5,8,10,17–19,22,23,28,32,34–36,39,40,42 The ad-
vantages have been emphasized in the context of minimal-
ly invasive craniotomies,4,13,15,31 increasing visualization of 
hidden anatomy, and inspecting around corners.6,7,14,23,33,43, 
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obJect The combined microscopic and endoscopic technique has shown significant advantages in the management 
of various lesions through different approaches. Endoscopic-assisted techniques have frequently been applied to cer-
ebellopontine angle (CPA) surgery in the context of minimally invasive craniotomies. In this paper the authors report on 
the use of the endoscope in the CPA as a tool to increase the extent of resection, minimize complications, and preserve 
the function of the delicate CPA structures. They also describe a technique of the simultaneous use of the microscope 
and endoscope in the CPA and dissection of CPA tumors under tandem endoscopic and microscopic vision to overcome 
the shortcomings of introducing the endoscope alone in the CPA. The reliability of using the microscope alone in dissect-
ing CPA tumors is evaluated, as is the effectiveness of the combined technique in increasing the resectability of various 
types of CPA tumors.
methods The authors conducted a retrospective analysis of 50 patients who underwent combined microscopic-
endoscopic resection of CPA tumors by the senior author over a period of 3 years (February 2011 to February 2014) at 
Brigham and Women’s Hospital, Harvard Medical School. The reliability of the extent of microscopic removal was evalu-
ated with endoscopic exploration. Additional resection was performed with both microscopic and the combined micro-
scopic-endoscopic technique. Endoscopically verified total resection was validated by intraoperative or postoperative 
MRI. The function of the cranial nerves was evaluated to assess the impact of the combined technique on their function.
results A tumor remnant was endoscopically identified in 69% of the 26 patients who were believed to have micro-
scopic total resection. The utilization of the endoscopic visualization and dissection increased endoscopically verified 
total removal to 38 patients, and 82% of these patients had no sign of residual tumor on postoperative imaging. The 
technique was most effective with epidermoid tumors. There were a total of 17 new cranial nerve deficits in 10 patients. 
Preoperative fifth cranial nerve deficits improved in 52% and hearing improved in 29% of patients after surgery.
conclusions This method provides simultaneous microscopic and endoscopic visualization and dissection tech-
niques through skull-base approaches to CPA tumors. It overcomes some of the shortcomings of endoscopic-assisted 
surgery, further extends the surgical field, and increases the radicality of tumor resection with good functional outcomes.
http://thejns.org/doi/abs10.3171/2014.10.JNS141465
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46,47 The shortcomings of endoscopic-assisted surgery in 
the CPA have also been well described. The inability of the 
endoscope to visualize structures proximal to the work-
ing space, a problem created by the crowded nature of the 
posterior fossa and the narrow corridor between critical 
neurovascular structures, places these structures at signifi-
cant risk. In addition, maneuverability and the ability to 
conduct precise microdissection are limited in the space 
provided through traditional or minimally invasive crani-
otomies. This confinement results in “sword fighting” be-
tween competing instruments and the surgeons’ hands in a 
small surgical window.29 In this paper we report on the use 
of a combined microscopic-endoscopic surgical technique 
to maximize the degree of tumor resection, and we evalu-
ate its effectiveness in addressing various tumors (menin-
giomas, epidermoids, schwannomas, and chordomas). 
This technique combines microscopic and endoscopic vi-
sualization and resection in skull-base approaches to over-
come the hindrances of endoscopic-assisted surgery in the 
CPA and expand the degree of tumor resection.

methods
data collection

We conducted a retrospective analysis of 50 patients 
with various tumors located in or involving the CPA, 
operated on by the senior author (O.A.M.) over a period 
of 3 years (February 2011 to February 2014) at Brigham 
and Women’s Hospital, Harvard Medical School. These 
patients were operated on through various skull-base ap-
proaches (Table 1). The endoscope was used for the pur-
pose of extending the approach, discovering hidden pieces 
of tumors, preserving neural structures, dissecting and 
removing tumors with the endoscopic technique, and con-
firming total removal.

The extent of microscopic resection was categorized 
into 3 groups based on operative reports and the surgeon’s 
intraoperative impression: subtotal resection, near-total 
resection, and microscopic total resection. The findings of 
hidden tumor and involved dura or bone further visualized 
by the endoscope were recorded. Endoscopically verified 
total resection (EVTR), whether through additional resec-
tion or not, was compared with the postoperative MRI 
findings for each case. Surgical outcomes and complica-
tions were also analyzed.

Cranial nerve function was assessed prior to and im-
mediately after surgery and at each follow-up visit. The 
results of formal audiograms, neuroophthalmological ex-
aminations, and swallowing assessments were obtained in 

patients with suspected deficits of hearing, vision, and the 
lower cranial nerves.

operative technique for combined 
microscopic-endoscopic cpa surgery

The room setup is arranged so that both surgeon and 
assistant have direct vision of high-definition monitors 
that display both the endoscopic and microscopic view 
(Fig. 1A, Video 1). 

video 1. Clip showing the surgeon position, room setup, and moni-
tors used in the technique of this study. Note that the two monitors 
display the microscopic and endoscopic views during dissection. 
Copyright Ossama Al-Mefty. Published with permission. Click here 
to view with Media Player. Click here to view with Quicktime.

A 4-mm neuroendoscope with high-definition video is 
used with 0°, 30°, and 70° lenses. Importantly, the endo-
scope should have a right-angled grip to keep the assis-
tant’s hand out of the microscopic view. The endoscope is 
introduced under both microscopic and endoscopic visu-
alization to prevent injury to CPA structures. The micro-
scope is kept in place to help direct the endoscope during 
removal, reintroduction, and instrument exchanges dur-
ing dissection. Both endoscopic and microscopic views 
are simultaneously displayed on multiple high-definition 
screens (analogous to picture-in-picture;41 Fig. 1B) clearly 
visible to the entire surgical team, i.e., the surgeon, as-
sistant surgeon, and assisting nurses. Dissection is per-
formed utilizing either the microscopic or endoscopic 
view, whichever is optimal. We use the “freehand” tech-
nique, in which the assistant holds and directs the endo-
scope while the surgeon performs the dissection with 2 
hands (Fig. 1C). Continuous neuronavigation is provided 

table 1. skull-base approaches used for 50 posterior fossa 
lesions

Approach No. of Cases

Transmastoid retrosigmoid 23
Transcondylar 10
Anterior petrosal 9
Posterior petrosal 4
Cranioorbital zygomatic 3
Total petrosectomy 1

Fig. 1. Intraoperative photographs. a: The setup of the operating room 
for the combined microscopic-endoscopic technique used to approach 
the CPA. The endoscope is introduced with simultaneous displays on 
high-definition screens showing both the microscopic and endoscopic 
views. The primary surgeon conducts the dissection while looking at 
the endoscope screen; the assisting surgeon navigates the endoscope 
while at the same time observing the microscope view. b: The two 
high-definition screens that display the microscopic (left) and endo-
scopic (right) views in direct sight of the surgical team. c: The hands of 
the dissecting surgeon (blue gloves) and the endoscopic driver (white 
gloves) easily maneuvering in the space provided by the skull-base ap-
proach. Figure is available in color online only.
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by calibrating the microscope’s focal point as the pointer. 
Neurophysiological monitoring of all potentially involved 
cranial nerves is used. The transmastoid approach, as 
previously described,1 is most commonly used and all in-
tradural work is begun with microscopic dissection until 
satisfactory resection is achieved. The endoscope is then 
introduced, most commonly with a 30° angled lens (occa-
sionally a 0° or 70° lens), for extensive exploration of the 
CPA and beyond. If residual tumor is identified, further 
resection is pursued (Fig. 2, Videos 2 and 3).

video 2. Clip showing resection from a transmastoid retrosigmoid 
approach of the case presented in Fig. 7. In this clip the combined 
microscopic-endoscopic removal of a CPA meningioma is shown. 
The primary bulk of the tumor is resected with the microscope. 
Additional tumor is identified and removed with the combined 
microscopic-endoscopic technique. Finally, invaded dura of the 
suprameatal tubercle and petrous apex are drilled entirely using the 
endoscopic view with the second surgeon guiding the endoscope. 
Copyright Ossama Al-Mefty. Published with permission. Click here 
to view with Media Player. Click here to view with Quicktime.
video 3. Clip showing the transmastoid retrosigmoid approach 
for the resection of an epidermoid with the combined microscopic-
endoscopic technique. The endoscope is used to explore the 
microscopic field following resection and removal of tumor from the 
microscopic blind spots in the CPA around the cranial nerves. The 
endoscope is then used to pursue additional tumor in the middle 
fossa through the incisura. Note the remarkable visualization of the 
optic apparatus, third cranial nerve, medial temporal lobe, and pos-
terior cerebral artery. Copyright Ossama Al-Mefty. Published with 
permission. Click here to view with Media Player. Click here to view 
with Quicktime.

results
The study participants comprised 30 female and 20 

male patients with a mean age of 46 years (range 17–76 
years, median 49 years). The types of tumors and their 
primary locations are summarized in Fig. 3, and their sec-
ondary extensions are detailed in Fig. 4. The mean follow-
up duration was 18 months (range 3–40 months).

extent of resection
In 26 patients, resection was considered total with the 

use of the microscope only (the extent of removal after 
microscopic dissection), but 18 (69%) of these 26 patients 
had a “false negative” as residual tumor was found when 
the endoscope was used. Twenty-four patients were sus-
pected to have residual tumor after microscopic dissection 

(subtotal and near-total resection), and all (100%) were 
confirmed to have residual tumor after the endoscope was 
introduced. The extent of resection with the microscope, 
and after endoscopic exploration and pursuing further re-
section for the whole study, is summarized in Fig. 5; the 
reliability of microscopic resection as judged by the en-
doscope in each pathology and location is summarized in 
Fig. 6.

Independent of the degree of presumed microscopic 
resection, the endoscope visualized tumor remnants in 42 
patients; further dissection of these endoscopically visual-
ized residuals was attempted in 34 patients using either the 
combined microscope-endoscope technique (15 patients), 
the microscope (7 patients), or both (12 patients). In 30 
(88%) of these 34 patients, the residual tumor seen through 
the endoscope was completely resected as confirmed by 
postoperative MRI, thus increasing the extent of resec-
tion to EVTR in 38 patients. In 4 patients, EVTR was not 
achieved despite the attempt.

correlation with postoperative mri
We compared the findings on immediate postoperative 

and follow-up MRI with the intraoperative endoscopic 
findings. In the 38 patients with EVTR in this series, MRI 
confirmed the absence of residual tumor in 31 (82%). The 
immediate postoperative MRI showed small residual tu-
mor (< 5 mm in any diameter) in 2 patients. In 1 patient 
with a petroclival meningioma, the MRI showed a small 
residual mass in Meckel’s cave. In the other case, enhance-
ment concerning for residual vestibular schwannoma was 
observed along the brainstem but was decreased in size on 
follow-up MRI. Five patients had postoperative enhance-
ment in the tumor bed, with stable imaging on 1-year 
follow-up MRI. One patient experienced recurrence of 
an aggressive petroclival meningioma; this was the only 
patient to undergo a second surgery, 2 years later. At that 
time, this patient had EVTR and the postoperative MRI 
was clear. Two other patients with known subtotal resec-
tion had regrowth of residual tumor.

cranial nerve Function
Table 2 details the cranial nerve functions preopera-

tively and at follow-up. The most frequent preoperative 
cranial nerve deficits encountered in this cohort were the 
loss of facial sensation and ipsilateral hearing. After re-
section, oculomotor palsy, trigeminal impairment, hearing 

Fig. 2. Intraoperative photographs demonstrating the endoscopic dissection of hidden tumor pieces that extended into additional 
compartments. a: A piece of the meningioma (T) is hidden inside the jugular foramen. Cranial nerves VI, VII, IX, and X are 
shown. b: Photograph showing hidden epidermoid tumor under the respective cranial nerves. c: Endoscopic removal of epidermoid 
tumor that extended through the incisura. PCA = posterior cerebral artery; III = cranial nerve III. Figure is available in color online only.
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loss, lower cranial nerve dysfunction, and tongue deviation 
improved in a subset of patients. Notably, 83% of patients 
with preoperative swallowing difficulties improved after 
surgery, while 52% of patients with preoperative facial 
numbness or paresthesias experienced full resolution of 
symptoms. Hearing function improved in 29% of patients 
after surgery. In this series, 5 patients developed new fa-
cial nerve deficits after tumor resection, 2 developed new 
trochlear nerve palsies, 2 developed new horizontal dip-
lopia, and 3 patients had new dysphagia. There were 18 
permanent cranial nerves deficits; considering that cranial 
nerves III–XII are at risk in these 50 patients, that repre-
sents a 4% odds risk of developing a cranial nerve deficit.

discussion
The endoscope has been used in CPA surgery in two 

primary ways: 1) endoscopic controlled, when the endo-
scope is the only source of visualization and instruments 
are passed alongside the endoscope; and 2) endoscopic 
assisted, when the endoscope is used as a supplementary 
visualization tool to assist in primarily microscopic pro-
cedures. The advantages of the use of the endoscope have 
been emphasized in the context of minimally invasive sur-
gery,4,13,15,31 with the goal of decreasing morbidity by mini-
mizing soft-tissue dissection and decreasing the size of the 
craniotomy. In this study, we emphasize the endoscope’s 
utility in achieving improved results in skull-base ap-
proaches, as a tool capable of expanding the surgical field, 
and for increasing the resectability of challenging lesions 
in the posterior fossa. Long-term patient morbidity is best 
reduced through maximal safe tumor resection rather than 

decreasing the size of the craniotomy. Used in this man-
ner, the endoscope demonstrated utility in 3 important 
aspects: 1) extending the surgical field into additional in-
tracranial compartments; 2) allowing for visualization and 
resection of residual tumor not adequately visualized with 
the microscope; and 3) improving the prediction of the ex-
tent of resection. In addition, the technique described here 
overcomes some of the previously detailed shortcomings 
of the use of the endoscope in the CPA.

advantages of the endoscope
Extending the Surgical Field

In the present series, the endoscope was useful for ex-
panding the surgical field. In particular, through the ten-
torial incisura, the endoscope allows an extension of the 
microsurgical approach from the posterior fossa to the 
middle fossa, enabling the resection of tumor from the 
subchiasmatic cistern, Meckel’s cave, and even across the 
midline. The view through the microscope in the CPA 
region is limited to the dorsal surface of the neurovascu-
lar structures, but the endoscope provides a vantage point 
ventral to these structures.

Visualizing and Resecting Additional Tumor
The utility of the endoscope in visualizing and resect-

ing tumor in microscopic blind spots and around corners 
is well established.6,7,14,23,33,43,46,47 The endoscope, especial-
ly with angled lenses, allows visualization of a residual 
lesion in locations not well seen through the microscope. 
The microscope is inherently limited in its angles of ob-
servation because its focal trajectory begins outside the 

Fig. 3. A bar-in-pie chart demonstrating the diagnosis and primary location of the 50 posterior fossa lesions incorporated in this 
study. Figure is available in color online only.

J neurosurg April 24, 20154



endoscopic microscopic technique for cpa tumors

field. Because the critical neurovascular structures cannot 
be retracted, lesions can be hidden from the microscope’s 
vantage point. The endoscope overcomes this shortcom-
ing in two ways: 1) it obtains its vantage point from within 
the surgical field; and 2) the angled lenses allow visualiza-
tion in a trajectory distinct from the working trajectory.

These microscopic blind spots are unique to each ap-
proach. For example, in the retrosigmoid approach, the 
microscope cannot visualize the anterior surface of the 
VII–X cranial nerves, the ventral surface of the trigeminal 
nerve, or inside the foramina or canals. The blind spots in 
the middle fossa approaches are the inferior and lateral 
aspects of the CPA and the CPA posterior to the internal 
auditory meatus.

In an anatomical review of the utility of the endoscope 
in the CPA with posterior approaches, Takemura and col-
leagues described superior visualization with the endo-
scope.43 They divided the CPA into 3 sections: superior, 
middle, and inferior. At the superior level, the endoscope 
provided improved views of the junction of the trigeminal 
nerve and the pons, the entrance into the porus of Meckel’s 
cave, and the CPA’s relationship with the superior cerebel-
lar artery. At the middle level, visualization was improved 
at the root exit zone of the facial nerve from the brain-
stem. At the inferior level, the endoscope improved visu-
alization of the medullary junction, the dural exit of the 
IX–XI cranial nerves, and the vasculature anterior to the 
lower cranial nerves.43 Ebner and colleagues emphasized 

the importance of using the endoscope and microscope as 
complementary modalities to provide more complete vi-
sualization of the CPA. Our study further emphasizes the 
endoscope’s essential complementary role in identifying 
and allowing for the resection of remnant tumor in these 
locations. In addition, the closer vantage point, increased 
magnification, and improved illumination facilitate care-
ful inspection of the dura and bone. In this series, use of 
the endoscope frequently identified infiltrated dura and 
bone, which appeared to be normal under microscopic vi-
sualization.12

improved prediction of the extent of resection
Our study highlighted the poor reliability of the mi-

croscope alone in evaluating the extent of resection in-
traoperatively. The endoscope improved the reliability 
of intraoperative inspection after tumor resection. In 26 
patients, gross-total resection was believed to be achieved 
after microscopic dissection, but the endoscope identified 
additional tumor in 18 patients (69%). Conversely, the en-
doscope was highly predictive of postoperative MRI find-
ings. In the 38 patients in whom EVTR was achieved, the 
postoperative MRI showed clear evidence of residual tu-
mor in only 2 patients. Five other patients had some post-
operative enhancement along the tumor bed, which was 
stable 1 year postoperatively. These findings demonstrate 
the superiority of the endoscope in assessing the degree of 
resection in patients with extensive posterior fossa lesions.

Fig. 4. A bar chart summarizing the frequency of secondary anatomical extensions from their primary location by tumor pathology. 
Note the high frequency of epidermoid tumors extending to additional skull-base compartments that are hidden from the traditional 
retrosigmoid microscopic view. Figure is available in color online only.
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overcoming the shortcomings of the endoscope
The crowded complex anatomy of the posterior fossa, 

and the lack of a flexible noneloquent corridor such as the 
nasal cavity, complicate the use of the endoscope in the 
CPA. A number of limitations with its use have been re-
ported, particularly with the freehand technique described 
by de Divitiis and associates.11 These limitations include: 
1) difficulty safely inserting and removing instruments, 
because the endoscope’s field of view is distal to critical 
structures; 2) the endoscope’s presence as a third instru-
ment in a small surgical window, resulting in “sword fight-
ing” between instruments and difficulty with performing 
microdissection.29 Our experience, however, shows that 
these issues with the endoscope are diminished, if not re-
solved, through the use of the extended retrosigmoid ap-
proach previously described.1

The broad surgical corridor provided by the extended 
retrosigmoid and other skull-base approaches used in this 
series easily allows 3 hands to remain in the field without 
combatting. In addition, the microscope remains in use 
simultaneously, and multiple monitors or “picture-in-pic-
ture” projection41 allows for both surgeons to see both the 
microscopic and endoscopic views. The microscopic view 
displays the broad surgical field and dorsal neurovascular 
structures, while the endoscopic view displays the details 
in the microscopic blind spots. The assistant is able to hold 
the endoscope in a dynamic freehand manner without 
risking injury to structures proximal to it. The operating 
surgeon can then efficiently insert and remove instruments 
without the cumbersome need to insert and remove the en-
doscope with each instrument change.

One major concern with the navigation of an endoscope 
in a limited corridor is the potential for additional injury 
to the cranial nerves, either through direct trauma or indi-
rect thermal-related injury from the dual light sources.20,25 
The additional visualization of residual tumor in the fo-
ramina and around neurovascular corners may prompt a 
more aggressive pursuit of total resection, which could 
also contribute to neural deficits. Despite these concerns, 
we documented improvements in cranial nerve func-
tion in a significant number of patients with preoperative 
deficits, especially with swallowing and facial sensation. 
Ten percent of patients without preoperative facial palsy 
had developed new facial nerve weakness at the time of 
the most recent follow-up evaluation, which is within the 
minimal expected range of resection risks for surgery in 
the CPA.24,40,43,44 The majority of patients with new post-
operative facial deficits harbored vestibular schwannomas 
with an extension into the internal auditory canal, while 2 
patients had large meningiomas.

Most distinct from the “minimally invasive” perspec-
tive, the broad surgical field provided by skull-base ap-
proaches allows the surgeon to expand the exposure and 
perform 2-handed microdissection under endoscopic visu-
alization. In an endoscopic anatomical study of the CPA, 
Chaynes and colleagues concluded that craniotomies 
smaller than 10 mm did not allow for complete exploration 
of the CPA, and maneuverability was significantly lim-
ited. These hindrances were overcome with craniotomies 
of 15 mm or more.7 Ebner and associates emphasized that 
adjunctive use of the endoscope should not minimize the 
exposure obtained through the microsurgical approach.12 

Fig. 5. Flowchart summarizing the extent of resection after initial microscopic dissection, the subsequent endoscopic findings, and 
the results of further dissection after introduction of the endoscope.

J neurosurg April 24, 20156
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While we agree with these assessments, our technique 
goes even further and emphasizes the importance of ad-
junctive use of the endoscope in expanding the microsur-
gical approach, thus providing additional visualization and 
dissection capabilities through the same exposure rather 
than the same visualization through a smaller exposure.

Application of the Technique to Specific Tumors
Others have previously reported on the use of an en-

doscopic-assisted technique in the resection of meningio-
mas.39,47 Yuguang et al.47 included 1 meningioma in their 
series of 23 CPA lesions and noted its utility in identifying 
residual tumor and protecting the cranial nerves. Schro-

eder et al.39 reported the largest series of meningiomas re-
sected with an endoscopic-assisted technique, 23 of which 
were in the CPA. In their study, the endoscopic view visu-
alized tumor hidden from the microscopic view in 56% of 
cases and thus demonstrated the high utility of the endo-
scope in identifying hidden tumor.

Prudently, Schroeder et al.39,40 note that movement of 
the endoscope within the CPA is dangerous and thus ad-
vocates for the use of an endoscope fixation arm. The use 
of the fixation arm is effective in preventing trauma to 
the neurovasculature of the CPA. However, it is limited 
by not providing visualization of the CPA during instru-
ment exchanges and it does not allow for the dynamic vi-

Fig. 6. A stacked bar chart demonstrating the reliability of the microscopic view in assessing the extent of resection and the 
frequency in which the endoscope either confirmed total resection (blue) or identified additional tumor not visualized with the 
microscope (red). Figure is available in color online only.

TABLE 2. Number of cranial nerve deficits before and immediately after surgery and at last follow-up in the 50 patients with combined 
microscopic-endoscopic resection of cpa lesions

Early Postop Deficits Postop Deficits on Latest Follow-Up
Cranial 
Nerve Preop Deficit In Patients w/ Preop Deficits In Patients w/o Preop Deficits In Patients w/ Preop Deficits In Patients w/o Preop Deficits

III 4 3 0 3 0
IV 0 0 4 0 2
V 21 12 4 10 3
VI 8 8 2 6 2
VII 5 5 7 4 5
VIII 21 17 4 15 2
IX–XI 6 2 4 1 3
XII 7 6 0 5 0

J neurosurg April 24, 2015 7
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sualization of the region as dissection proceeds. Dynamic 
visualization is of particular importance in endoscopic 
dissection because it helps to compensate for the loss of 
stereoscopic vision. Our technique resolves these two is-
sues by providing a tandem endoscopic and microscopic 
view with a third hand guiding the endoscope under mi-
croscopic visualization.

The endoscope is useful in resecting meningiomas be-
cause it can identify and remove hidden tumor, especially 
superiorly and laterally beneath the tentorium, superior to 
the trigeminal nerve, and in the jugular foramen (Fig. 2A). 
In this series, the unique advantage of using the endoscope 
with meningiomas was identifying abnormal dura and 
bone devitalized by tumor, which was not possible with 
the microscope. Removal and coagulation of the dura, as 
well as the drilling of abnormal bone, was completed with 
the endoscope (Fig. 7, Video 2). The primary drawback 
of using the endoscope in meningioma surgery is the fre-
quent need to clean the lens because of the bloody nature 
of the surgery and the accumulation of bone dust from 
drilling. For this reason, we recommend introducing the 
endoscope as late as possible in the course of microscopic 
dissection of meningiomas.

The use of the endoscope for schwannoma surgery has 
been frequently reported and is summarized in Table 3 

with emphasis on the extent of resection, hearing preser-
vation, and facial nerve function. This review of the litera-
ture demonstrated the remarkable utility of the endoscope 
in increasing the extent of resection and improving func-
tional outcomes of the facial nerve. However, there was 
little evidence of improved hearing preservation with use 
of the endoscope.17 Our findings corroborate those of other 
studies that the endoscope is helpful in removing tumor at 
the canal fundus. We expect that it also improves hearing 
preservation by decreasing the amount of bone drilled in 
the posterior wall of the canal, thus decreasing the risk 
of injury to the superior and posterior semicircular ca-
nals. The microscopic view, on the other hand, requires 
wide drilling of the canal for visualization, and this can be 
reduced with the endoscope. The utilization of the endo-
scope was also helpful in improving hearing by preserva-
tion of the cochlear fibers at the lamina cribrosa.

Reports of the use of the endoscope in CPA epidermoid 
surgery are not uncommon.9,11,37,38,40,45,48 Tuchman et al.45 
most recently reported on the specific use of the endoscope 
in the removal of 9 CPA epidermoid tumors, 7 of them 
through a retrosigmoid approach, and 2 with a subtempo-
ral approach. These investigators used an endoscopic-as-
sisted technique with initial resection performed with the 
microscope and importantly report that additional tumor 
was identified with the endoscope in 85% of cases. They 
recommend a 2-surgeon, 4-hand technique rather than the 
use of a holder to provide a dynamic view of the operative 
field. Our findings and principles fully concur with their 
study. We do, however, emphasize the simultaneous use 
of the microscopic view with the endoscopic dissection to 
add protection to the proximal cranial nerves.

Zhang et al.48 reported on the use of the endoscope in 
30 posterior fossa epidermoid cases in their broad review 
of 126 neuroendoscopic procedures. However, this early 
report focused on the use of the endoscope as a tool in neu-
rosurgery and did not provide a detailed description of the 
endoscope’s role in CPA epidermoid surgery. Schroeder et 
al.40 reported on 8 cases of CPA epidermoids; in 4 cases 
the tumor was removed microscopically with the use of 
the endoscope only for verification and not dissection. In 
the other 4 cases, a technique analogous to the previously 
mentioned meningioma series was utilized. In that series 
5 cases were performed utilizing a retrosigmoid and 3 by 
a pterional approach, with small craniotomies. The endo-
scope revealed microscopically hidden tumor in all cases. 
However, total removal of the capsule was only achieved 
in 3 cases.

Safavi-Abbasi et al.38 reported a series of 11 patients 
in which the endoscope was used for inspection following 
microscopic resection in epidermoid surgery. They advo-
cated against the use of the endoscope for tumor dissec-
tion in epidermoids, recommending it to be used solely for 
inspection.

Patients with epidermoid tumors may benefit the most 
from the endoscopic-assisted technique. Epidermoids tend 
to travel away from their primary location, often extending 
to the middle fossa, crossing the midline, and expanding 
in the posterior fossa cisterns (Fig. 4). The endoscope can 
extend the microscopic approach to follow the epidermoid 
debris into the middle fossa (Fig. 2C) and to the contralat-

Fig. 7. Axial images for a patient with a CPA meningioma removed 
through the transmastoid retrosigmoid approach. In this case, the hyper-
ostotic bone anterior to the facial nerve was drilled completely with the 
use of the endoscope. a: The preoperative CT scan with a bone window 
shows deep hyperostotic bones in the petrous apex (white arrow). b: 
The preoperative T2-weighted MR image with contrast shows the ret-
romeatal soft-tissue part and the premeatal bony part of the tumor. c: 
The postoperative CT scan with a bone window shows the removal of the 
petrous apex. d: The postoperative MR image without contrast shows 
the fat plug of the opened air cells of the petrous apex (black arrow).
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eral side of the brainstem. In addition, because of the tex-
ture of the tumor, hidden pieces are easily removed with 
the endoscope, and the freehand technique and tandem 
view allows for the cautious microdissection necessary for 
dissection of the capsule (Video 3). Finally, because post-
operative MRI does not clearly show the residual tumor 
capsule, we believe that the endoscopic view is the best for 
evaluating the extent of resection.

Komotar et al.26 has noted that endoscopic-assisted sur-
gery is valuable in chordoma surgery, even where purely 
endonasal endoscopic surgery is often used in their review. 
However, we did not identify any reports of an endoscopic-
assisted open skull-base approach for chordomas as used 
in the present series. Chordomas tend to spread in the basal 
bones and typically cross the midline; thus, extending the 
posterior fossa approach with the endoscope is very useful. 
The highly magnified, well-illuminated picture provided 
by the endoscope helps the surgeon to follow diseased 
bone through the basal bone and to the contralateral skull 
base. However, in our series, while the endoscope was use-
ful in chordoma resection, its assessment of the extent of 
resection of chordomas was less beneficial than in other 
pathologies. This difficulty was due to lesions extending 
deep inside the bone, and islands of tumor may frequently 
be covered by seemingly normal-appearing bone.

conclusions
The literature has historically emphasized the use of 

the endoscope in minimally invasive techniques. In the 
present study, we emphasize its significant role in standard 
and expanded skull-base surgery. The use of the endo-
scope improved access to a variety of skull-base tumors 

and was effective in expanding the standard approaches 
into additional intracranial compartments. It also in-
creased the surgeon’s ability to evaluate the extent of re-
section intraoperatively. Most importantly, it improved the 
ability to achieve additional safe tumor resection, which 
may be considered the greatest means of reducing long-
term patient morbidity. To minimize the shortcomings of 
endoscopic-assisted surgery, we describe our technique of 
simultaneous viewing.
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