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Abstract

Objective The use of the endoscope has brought major changes in skull base surgery in the last decades. In the cerebel-
lopontine angle (CPA), it has shown few advantages over microscopic surgery alone, evolving towards a full-endoscopic
surgery for neurovascular conflicts and tumors. This review aims to systematically analyze the literature about the use of the
endoscope in the cerebellopontine angle tumors.

Methods Pubmed/Medline and Embase databases were investigated applying PRISMA guidelines without time restrictions
to find all adult patients affected by an extra-axial cerebellopontine angle tumor (vestibular schwannoma, meningioma, epi-
dermoid tumor, or other extra-axial lesions) treated using only the endoscope (full-endoscopic, FE or endoscopic-controlled,
EC) or with endoscopic assistance (EA).

Results After article selection, a total of 2489 patients have been treated for a CPA lesion using the endoscope: 2054 ves-
tibular schwannomas (VS), 368 epidermoid tumors (ET), 41 meningiomas and 26 among other pathologies. The retrosi-
gmoid approach was the most frequently employed surgical corridor, irrespective of lesion type, for both full-endoscopic
and endoscopic-assisted procedures. Although a great heterogeneity should be highlighted among the selected series of VS
(1539), a weighted average of 92.5% of gross total resection (GTR) was obtained and 90% out of 1332 showed a good facial
nerve outcome when comparable. Advantages in term of recognition of residuals have been described for the CPA meningio-
mas and multicompartmental epidermoid tumors with origin from CPA cistern, without increasing the risk of complications.
Conclusions Despite different accepted advantages, the number of tumors in which the endoscope has been included among
the surgical armamentarium is still limited compared to the number of the full-microscopic resections. After almost 30 years
since its value was recognized, the number of prospective and case-control studies is still scarce to affirm a real benefit lead-
ing to its routinary use.

Keywords Vestibular schwannoma - Epidermoid tumor - Meningioma - Endoscope - Facial nerve

Introduction

The use of the endoscope in pathologies of the posterior
cranial fossa is not a novel phenomenon. However, its uti-
lization has undergone a significant evolution over the past
decades, progressing from a supplementary visualization
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the region. It immediately demonstrated its advantages in
the context of tumor pathology of the CPA [1, 2]. With a
superior view of cranial nerves’ junctions at brainstem, their
dural exit and their vascular relationships [3], the endoscope
has been demonstrated to offer also other advantages such
as small craniotomies that respect the mini-invasiveness
concept, residual tumor visualization, and easy recognition
of opened mastoid cells. Nevertheless, the majority of neu-
rosurgeons are less familiar with endoscopic surgery than
microscopic surgery, which remains the gold standard, and
its routine application is limited to a few centers. The objec-
tive of this literature review is to investigate the dissemina-
tion and outcomes of this instrument (both EA, EC, and FE)
in the management of extra-axial pathologies affecting the
CPA.

Materials and methods

The Medline/Pubmed and Embase databases were queried
with different combinations of terms indicating posterior
fossa and specifically cerebellopontine angle lesions treated
by using the endoscope (cerebellopontine angle tumors,
vestibular schwannoma, posterior fossa skull base menin-
gioma, posterior fossa epidermoid cyst AND endoscopic
surgery OR resection), regardless of whether it was used to
control or directly contribute to tumor resection. The search
was performed in November 2024 following PRISMA
Guidelines and no time restriction was considered (see sup-
plementary materials). Only peer-reviewed articles in Eng-
lish were included in the analysis.

The literature was systematically reviewed by two inde-
pendent reviewers (RDM and DG). All disagreements were
resolved by further discussion with another contributing
author (FZ).

All adult patients (> 18 years old) with a tumoral extra-
axial pathology of the CPA angle treated using an endo-
scope (as assistance or as a unique magnification instrument
in controlled or fully endoscopic resection) were considered
in the results. The following information was collected: year
of publication, institution, type of study, type of approach,
endoscope type (rigid versus flexible), use of endoscope
holder, type(s) of tumor (only extra-axial tumors), dimen-
sions, other classification assessing tumor size in vestibular
schwannoma or involvement and/or extension to different
compartments in case of epidermoid tumors, surgical time,
extent of resection, length of stay, surgical complications
and specifically those caused by endoscope introduction
or movements, postoperative facial nerve (FN) outcome
and/or auditory function. The availability of all or part of
this information was considered among inclusion criteria.
The absence of information regarding extent of resection
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or cranial nerves’ functions were considered, on the other
hand, as exclusion criteria.

Anatomic/cadaveric studies were excluded, while case
reports and small case series (<5 patients) were contem-
plated to obtain the total number of CPA lesions where the
endoscope was used, but they were excluded from the ulti-
mate analysis (specifically from tabulation), in order to have
a sufficient power analysis for comparison between studies.
Descriptive statistics were reported with mean and standard
deviation for continuous variables and with frequency and
percentage for ordinal and nominal variables.

The Newcastle-Ottawa Scale (NOS) was applied to
assess the quality of the selected studies. Specifically, the
postoperative function of the facial nerve was considered
as an outcome and, when specified, the postoperative audi-
tory function was also taken into consideration. A study met
the representativeness criterion if the population included
at least 10 patients. The cohort should have been character-
ized by lesions of different sizes. Being mostly single-arm
observational studies, the comparability section was not
considered in the final count. The description of the opera-
tive technique and more precisely the use of the endoscope
during surgery satisfied the criterion of exposure.

A description of initial symptoms was required to exclude
any preoperative impairment of the facial nerve function.
The House-Brackmann scale for postoperative FN function
had to be used for grading. The outcome was considered
acceptable if reported as individual grades or by dividing
two classes: favorable outcomes for FN function were <2
and unfavorable when HB>3. A star was assigned when at
least 95% of selected patients were followed for at least 12
months. Studies rated four stars without this requirement
were also analyzed, considering the potential harm of the
endoscope. This is due to the perceived influence of the
endoscope on facial nerve function, particularly in the short
term [4].

All the statistical analysis was conducted using an open-
source software built on R language (The jamovi proj-
ect (2021)”. jamovi. (Version 2.6) [Computer Software].
Retrieved from https://www.jamovi.org). Statistical signifi
cance was set at p<0.05. A meta-analysis of proportion was
conducted on an online open-source software [5].

Results

Nine hundred and nine articles were obtained from Pubmed/
Medline and Embase databases after combining the results
of each string (Supplementary material); 591 were excluded
after deduplicating, 37 because they were not in English,
and 96 articles were out of topic. For those where treat-
ment of a posterior fossa lesion has been reported, 75 did
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not use the endoscope, 16 were reviews and 5 were cadav-
eric studies. In the end, only 87 articles were considered for
full-text analysis. Only articles with more than 5 patients
were screened for all information and selected for tabula-
tion (Fig. 1).

A total number of 2,489 patients affected by a CPA lesion
(vestibular schwannoma, meningioma, epidermoid tumor or
other extra-axial pathologies with involvement of the cere-
bellopontine angle, such as cholesteatoma) has been treated
by using the endoscope as additional magnification tool for
inspection (EA) or as the only optical instrument (EC) under
continuous microscope view or throughout the surgical pro-
cedure (FE) without the use of the microscope.

Distribution by pathology and by approach is described
in Fig. 2.

Vestibular schwannoma

Vestibular schwannoma was the most frequently encoun-
tered pathology among the selected studies. A variety of
corridors have been employed to access the VS, aiming to
maximize tumor resection while simultaneously preserving
function and reducing the invasiveness of the procedure in

terms of craniotomy size, cerebellar retraction, and, con-
sequently, incidence of postoperative complications and
length of hospital stay. The retrosigmoid approach was the
most frequently employed, both in the endoscopic-assisted
group (931 cases), in the endoscope-controlled group (131
cases), and in the full-endoscopic group (716 cases). The
use of angulated microscopic instruments under direct
endoscopic visualization was attempted in the middle cra-
nial fossa approach (8 EC and 5 FE) and in the retrolabyrin-
thine approach (10). On the other hand, the translabyrinthine
approach (49) was employed with the endoscope serving
solely as a visual assistant at the conclusion of the surgical
procedure. Other routes have been explored by otologists,
particularly the transotic, transpromontorial, transcanal
transpromontorial, and expanded transcanal transpromon-
torial routes: these were performed with either endoscopic
assistance (83), endoscope-controlled (38) or full endo-
scopic techniques (26) (Fig. 2). Studies comprising>5
patients have been subjected to more rigorous analysis
(Table 1) [6-31]. Only 19.2% of the selected studies were
performed under a full endoscopic retrosigmoid approach,
while 26.9% used the enhanced visualization offered by
the endoscope (EC) to remove tumor remnants in the IAC.

Removed after deduplicating (n =

A4

591)

Records excluded (n = 133):

\ 4

- Not English (n = 37)
- Not CPA tumors, (n = 96)

Reports excluded (n = 96):

- Cadaveric studies (n = 5)
- Reviews (n = 16)

)
5 Records identified through
= databases (Pubmed/Medline and
= Embase) searching “CPA
s tumors” AND “endoscope” (n =
o 909)
3
—
)
Records screened
(n=318)
=)
=
<
[
o \ 4
O
(7]
Full-text articles assessed for
eligibility
(n=185)
—
) A
Studies included in the review
° (n =89):
(3}
°
% - Case report/operative video (n
= =27)
—

Fig. 1 PRISMA flowchart

- No mention of endoscope use
(n=75)
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Meningioma
(CPA-M)
n=41

VS
n = 2054

Epidermoid Tumor
(CPA-E)
n = 368

Others
n =26

Total number of CPA tumors in
which the endoscope was used
(n = 2489)

Retrosigmoid Approach

- Used in ~4% of VS; mean size 10-15

- Used in ~90% of VS; mean size 25-30
mm; GTR rate 90-100%;
- Used in ~80% of CPA-E; mean size 20-30
mm; GTR rate 75-93%;
- Used in ~90% of CPA-M; mean size 20-
25 mm; GTR rate 90-100%

mm; GTR rate 80-90%;

Middle Cranial Fossa Approach

Translabyrinthine
Approach

Other Approaches

- Used in ~8% of VS; mean size
35-40 mm; GTR rate 90-100%;

Transcanal

Transpromontorial

EC: 7 FE: 23

Fig. 2 Distribution of collected patients (both case reports and case
series regardless from total number) divided by pathology and type of
approach. Dividing by surgical approach, there is a mismatch of the
total number of patients because few articles did not specify the type of

Since in most series the endoscope was used only for inspec-
tion (without the need for bimanual dexterity) or for limited
parts of the surgical procedure (such as checking the IAC
for residuals), most authors preferred a free-hand use with a
second surgeon dynamically moving the endoscope, while
6 series exclusively used an endoscope holder and 2 tested
both free-hand technique and the endoscope holder. For 8
articles, this information was unavailable.

Extent of resection and facial nerve outcome in VS

Stratifying by the endoscope use (EA, EC, or FE), no sta-
tistically significant differences emerged among studies in
obtaining a gross total resection (p=0.68) and a favorable
facial nerve outcome (HB<2) (p=0.89). Considering all
1553 patients, a weighted average of 92.6% was obtained
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Expanded
Transcanal
Transpromontorial

Retrolabyrinthine

EA: 55
EA: 83 EC: 31

approach. The absence of correspondence among the other approaches
is justified by the use of the pterional or the subtemporal approaches
that were not reported in the scheme

for GTR with 5.15% of complications (4.25% CSF-leak,
0.32% infections, 0.26% vascular injuries such as bleeding
or cerebellar infarction, 0.19% mechanical injuries related
to the endoscope and 0.13% hydrocephalus).

Although a clear heterogeneity was evident between
studies - in an attempt to compare them — 16 articles [6—10,
13, 14, 17-25] presented their results subgrouping the VS
by size (while 9 articles reported only means and another
5 reported an average size>20 mm): 52.5% of VS were
<20 mm of diameter. However, this measurement was not
always specified if it was calculated exclusively on the
extrameatal part. Of these 16 articles, only 12 [6, 8, 9, 14,
17-23, 25] individually reported the House-Brackmann
grade for the postoperative FN outcome or, at least, divided
their patients into groups with favorable (HB 1-2) and unfa-
vorable (HB>3) outcomes. Over a number of 558 patients,
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Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Goksu (EA) 1999 31 32 71% 0.97[0.84; 1.00] —
King (EA) 1999 9 10 26% 0.90[0.55; 1.00] + :
Kabil (FE) 2006 105 112 18.0% 0.94[0.88; 0.97] ——
Gerganov (EA) 2009 30 30 6.7% 1.00[0.88; 1.00] —a
Shabhinian (FE) 2011 496 527 35.2% 0.94[0.92; 0.96] . i
Chovanec (EA) 2012 38 39 8.4% 0.97[0.87;1.00] E—
Setty (FE) 2014 12 12  3.0% 1.00[0.74; 1.00] =
Corrivetti (EA) 2019 27 32 71% 0.84[0.67;0.95] +
Yunke Bi (EA) 2022 60 61 11.9% 0.98[0.91;1.00] —
Total (95% CI) 855 100.0% 0.96 [0.94; 0.98] -
Prediction interval [0.90; 1.00] —
Heterogeneity: Tau® = 0.0014; Chi® = 10.76, df = 8 (P = 0.22); I* = 26% ! ! ! ' !
0.6 0.7 0.8 0.9 1

Fig. 3 Forest plot (meta-analysis of proportions) for the rate of gross
total resection of selected studies with VS patients where either EA or
FE were performed. A random effects model with the inverse variance

method was used. A DerSimonian-Laird approach was used to calcu-
late the heterogeneity between studies

Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI

Goksu (EA) 1999 29 32 9.7% 0.91][0.75;0.98] +
King (EA) 1999 9 10 4.4% 0.90[0.55;1.00] =

Kabil (FE) 2006 105 112 16.4% 0.94[0.88; 0.97] ———
Gerganov (EA) 2009 21 30 9.4% 0.70[0.51;0.85] =
Shabhinian (FE) 2011 491 527 21.0% 0.93[0.91;0.95] il
Chovanec (EA) 2012 31 39 10.8% 0.79[0.64; 0.91] = ;

Setty (FE) 2014 11 12 5.1% 0.92[0.62; 1.00] -
Corrivetti (EA) 2019 31 32 97% 0.97[0.84;1.00] —
Yunke Bi (EA) 2022 55 61 13.3% 0.90[0.80; 0.96] ——
Total (95% ClI) 855 100.0% 0.90 [0.86; 0.95] ———

Prediction interval

[0.75; 0.99]

Heterogeneity: Tau? = 0.0057; Chi® = 19.74, df = 8 (P = 0.01); I? = 59% ' ' ! '

Fig. 4 Forest plot (meta-analysis of proportions) for favorable facial
nerve outcome (House-Brackmann<2) of selected studies with VS
patients where either EA or FE were performed. A random effects

a percentage of 85.7% (weighted average) showed a favor-
able outcome.

Expanding again the number of studies (not filtering
by size) and selecting those that used the HB scale system
for grading the FN function (20 studies for a total of 1332
patients), a mean percentage of 90% (weighted average) of
favorable HB came out as results.

A summary of the postoperative hearing function was
more difficult to calculate, since different classifications
have been used throughout the years and among the studies.

The NOS scale for case-control and single-arm observa-
tional studies was applied in order to perform a comparative
analysis between studies (Supplementary Table 1). Gross
total resection and favorable outcome for FN (HB 1-2) were

@ Springer
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model with the inverse variance method was used. A DerSimonian-
Laird approach was used to calculate the heterogeneity between studies

used as comparative terms to perform a meta-analysis of
proportion. All together 9 studies were analyzed with a total
of 855 subjects. Based on the analysis performed using a
random effects model with the inverse variance method and,
the summarized proportion was 0.79 (95%CI 0.78-0.80) for
gross total resection (Fig. 3) and 0.77 (95%CI 0.76-0.79) for
favorable outcome (Fig. 4). For the latter a significant het-
erogeneity was detected (p=0.01), suggesting inconsistent
effects in magnitude and/or direction. The I? value indicated
that 59% of the variability among studies arises from het-
erogeneity rather than random chance.
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Epidermoid tumor

The endoscope was used in the resection of 368 epidermoid
tumors (ET). Excluding case reports, small case series, or
articles where information was not enough to categorize
and analyze results, 196 patients from 8 articles have been
collected (Table 2) [31-39]. The average age at surgery
was younger compared to patients affected by vestibu-
lar schwannoma. ETs tend to grow and invade contiguous
compartments and for this reason 112 ETs were classified
as pure CPA lesions while the remaining ones showed an
extension in the prepontine cistern, at the level of the fora-
men magnum, or an extension through the tentorium or at
the temporomesial level, or Meckel’s Cave. A retrosigmoid
corridor was used in 169 cases. The endoscope assisted the
microscopic resection in 96 procedures while 99 were per-
formed full-endoscopic. In most cases the endoscope was
used free-hand in either “two surgeons-4 hands” or “one
surgeon-2 hands” techniques.

Extent of resection in ET

With the exception of the initial report by Schroeder et al.
[35] where was not possible to extrapolate if the GTR was
obtained for EA or FE procedures and in the series of Singh
et al. [36] where GTR and NTR were considered equiva-
lent in the comparison between FE and microscopic resec-
tion, the rate of GTR for the included studies was always
over 65%. Most authors intended GTR as the complete
removal of the capsule, whereas the persistence of the latter
was considered a Near Total Resection (NTR). It is notable
that, in both cases, there is no restriction on postoperative
diffusion-weighted imaging as defined. The extent of resec-
tion reached values over 90% in two series where a whole
course endoscopic (FE) resection was performed, without
increasing the rate of mechanical injuries of neurovascular
structures [32, 36]. Singh et al. [36] compared the results
of FE to microscope-only resection: no significant differ-
ences in EOR or worsening of cranial nerves function were
highlighted starting from two similar groups of ET in terms
of extension through compartments. Interestingly, a signifi-
cantly less long length of stay was noted for patients who
underwent FE resection but at the cost of an increased risk
of postoperative transient CSF leak (29.1% vs. 4.8% in the
FE and microscope-only cohorts, respectively). Among the
patients who underwent FE resection, 2 were recurrences.
The authors were able to reach a near-total resection even in
these situations. Among complications, only 1 was clearly
related to the endoscope use.

Meningioma

Only two series, with a total of 11 cases, have been described
so far (Table 3) [40, 41]. In seven cases, a full-endoscopic
approach was performed to attempt the removal of small
meningiomas (mean diameter around 1.55 cm) in the prox-
imity of the IAC and the related neurovascular structures. A
complete removal of the lesion was reported by both authors
without any worsening of the facial nerve function. In the
larger series by Setty et al. [41], the cochlear function was
analyzed as well, resulting in no change for the majority
of patients, while 2 improved the auditory function and
only one experienced a worsening on American Academy
of Otolaryngology - Head and Neck Surgery (AAO-HNS)
scale. Although different locations of meningiomas were
investigated, Schroeder et al. [40] in their series of skull
base meningiomas, found a benefit from the endoscope use
in detecting and removing tumor tissue in about 50% of ret-
rosigmoid craniotomies. Nevertheless, it was beneficial in
inspecting the internal auditory canal, the Meckel’s Cave,
or areas behind the jugular tubercle, or beyond the tentorial
edges in case of supratentorial extension.

Discussion

The evolution of endoscopic techniques has been marked
by their integration with traditional microsurgical methods,
followed by the possibility of performing all the surgery
uniquely with the endoscope. Since the introduction of the
concept of endoscope-assisted surgery [42], the potential
of the endoscope in the tumor pathology of the posterior
cranial fossa and specifically of the CPA was investigated
predominantly in vestibular schwannomas [2].

Advantages of the endoscope use in CPA lesions

One of the primary benefits of endoscopy was the ability to
offer enhanced visualization with a direct, wide, and pan-
oramic view of the CPA increasing the possibility to identify
and preserve the critical neurovascular structures that reside
in the area. Compared to the direct light of the operating
microscope, the angled optics of the endoscope offered the
possibility to look around corners, behind the neurovascular
structures, or behind the tumor itself (Fig. 5). This advan-
tage in visualization was immediately clear in the narrow
and deep surgical corridors or where the anatomy of the cor-
ridor, such as the retrosigmoid one, collided with the straight
line of vision, which is offered by the operating microscope,
preventing the possibility to look around bony or dural cor-
ners (i.e., [AC fundus) [43].
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Indeed, different angled optics were used, most com-
monly 30° and 70°. Since the aim of the endoscope was to
look around corner and specifically to look inside the IAC,
ideally, the more angled the optics, the greater the possibil-
ity of discovering a residual. Hori et al. [13] and Kumon et
al. [16], using only angled optics reached a percentage of
84.4% and 39% of GTR, respectively. In the latter study,
although the percentage of GTR was low compared to the
avarage percentage reported in other studies, the compari-
son with the microscopic-only approach showed a statisti-
cally significant difference in terms of extent of resection,
even more when the same comparison was made between
those VSs that extended over the mid-portion of the IAC.
Conversely, Yunke Bi et al. [25] reported the use of endo-
scope assistance in their retrospective series of 61 patients
but no angled optics were used. In fact, a drill of almost all
the posterior wall of the IAC (8—10 mm) was performed in
all cases with intracanalicular extension losing what is one
of the advantage of endoscope assistance.

Furthermore, an enhanced direct visualization allowed
an easier detection of openend mastoid cells reducing the
risk of postoperative CSF-leak [6, 44]. Although consid-
ered only a relative benefit [11], a direct and early detection
of the facial nerve course from its brainstem junction/root
entry zone could increase the rate of anatomical and func-
tional preservation.

In accordance with the growing preference for minimally
invasive procedures, some authors have explored the use
of endoscopy as a sole means of visualization for VS [12],
ET [33, 45] and meningiomas [41]. This approach has the
potential to reduce the size of the craniotomy and mini-
mize the need for cerebellar retraction. A full-endoscopic
approach was possible with the introduction of the endo-
scope holder which allowed a bimanual surgical technique
[46]. However, few authors have pushed and perfectioned
a technique that guarantee no need of mechanical holder
neither the presence of a second surgeon to hold freehand
the endoscope when there was the necessity to perform a
bimanual dissection [47, 48], but its feasibility in a retrosig-
moid approach has not been assessed.

Nevertheless, others discouraged the endoscopic resec-
tion of ET because of the presence of adherences and the fat
content that can disturb the endoscopic visualization [34].
Similarly, a frequent need to clean the lens could be required
in meningioma resection, due to the bloody nature and the
accumulation of bone dust from drilling. Indeed, most
authors considered it a reliable tool in the neurosurgeon’s
hand to inspect behind blind corners or check for residu-
als in order to increase the extent of resection. A review of
references on VS (n=25, both EA and FE) showed that only
16 (64%) documented the number and size of patients. In
series reporting GTR>90%, almost half of the tumors were

under 25 mm [6-10, 14, 20, 49]. However, 90% of GTR was
achieved even in the case of larger VSs, both endoscopic-
assisted [17, 19, 25] and full-endoscopic [24].

Reviews of endoscopy use in ET management
showed>65% EOR, contradicting initial results from
Schroeder et al. [35] and the discouraging recommendation
on the exclusive use of an EC removal [34]. Later studies
have reported positive results for ET removal with EC or
FE, including EOR, length of stay, and new neurological
deficits [31, 32, 36]. Most authors agree on the benefits of
using endoscopy to visualize beyond blind spots. It may
even be used to access other parts of the skull. This could be
useful in cases of multicompartmental ET where it might be
better than more invasive approaches. Furthermore, direct
visualization of the capsule with an endoscope can predict
EOR more accurately than magnetic resonance imaging
(MRI), because capsule residual may not be visible on MRI
[36].

Limitations of the endoscope use in CPA lesions

A few limitations come with the use of this tool: manipu-
lating the endoscope within an overcrowded and intricate
region necessitates dynamic adjustment to compensate for
the absence of three-dimensional vision, a challenge that
is exacerbated by vision impairment [14, 38, 50]. Further-
more, being a small surgical window, the endoscope can
further reduce the surgical freedom resulting in a “sword
fighting” between instruments [51]. The lack of habit to this
“unnatural” visualization and the absence of three-dimen-
sional perception can make difficult and dangerous the first
experiences with this instrument [51]. Recent improvements
in devices with the diffusion of 3D high-definition systems
could help in the sense of depth, especially for those sur-
geons with limited experience in endoscopic surgery [52,
53].

In case of frequent need to clean and consequentially
removing-introducing the endoscope several times, a higher
risk of damaging the surrounding neurovascular structures
should be taken into account. For this reason, larger cra-
niotomies (at least 15 mm) and constant guidance under
microscopic visualization during maneuvers have been
highly recommended [50]. Furthermore, the possibility of
damaging those structures that are located behind the tip of
the endoscope is a known complication of endoscopic sur-
gery in the CPA [13, 33].

Another concern is the risk of thermal damage caused by
the xenon light source used in some endoscopes. This risk
necessitates careful temperature management and the use of
cooling techniques to prevent tissue injury [14].

The angled and direct view of the endoscope is important
as it allows for better recognition of blind spots, increasing
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Table 3 All patients affected by CPA meningiomas (CPA-M) underwent surgery by the only means or by auxiliary use of an endoscope (full-endoscopic, endoscope-controlled or endoscope-

assisted, FE, EC and EA, respectively)

FU

Length Postoperative CNs

of stay function

Simpson Complications
Grade or

EOR

EH  Endoscope Sur-

No. of Age Tumor Surgical EAvs.

Period design CPA-M

Study Study

Authors,
year

(mean
and

gical

and/ outer diameter

Extension, Approach FE

(mean
and

or (mm) and Optics time

FH

Location or

Size

range)

(min)

NA

(degree)

EA/EC Both 2.7and4

range)
53.3y

72.9 mos

Diplopia, vertigo,

1 CSF leak NA
tinnitus

GTR 4/4

RS

1.57 cm

ROCS 4

2002—
2009

Schroeder,
2011

[31-101]

NA

0°, 30°, 45°, 70°

[1.4-1.9]

[46-66]

HBI (11/11); AAO-

Simpson 1 wound 3.1
[122— grade2  infection

166
207]

FH

FE

1.54 cm RS

56.9y

11

Setty, 2014 2006— ROCS

HNSS stability (8/11),

[2-6]

0°, 30°

[0.5-2.5]

[31-72]

2013

improvement (2/11),
worsening (1/11)

ROCS: retrospective observational case series; POCS: prospective observational case series; RS: retrosigmoid approach; EA: endoscope-assisted; EC: endoscope-controlled; FE: fully endo-
scopic; EH: endoscope holder; FH: free hand; GTR: gross total resection; HB: House-Brackmann; AAO-HNS: American Academy of Otolaryngology-Head and Neck Surgery

the chance of a gross total resection. However, it could not
clearly distinguish tumor tissue from structures of the ves-
tibular ganglion or the distal stump of the vestibular nerve,
which could impact the cochlear or even the facial nerve
[17].

Endoscopic techniques require specialized training and
equipment, which restricts their use [54]. This means that
they are only used by the few centers with the necessary
resources and expertise. Many other centers continue to rely
on traditional microscopic methods. The diffusion of the
exoscope, which may offer supplementary viewing angles
beyond those of the microscope (especially those that due
to the type of approach and patient positioning require the
maintenance of a difficult posture), may curtail the adop-
tion of the endoscope in centers where it is not customary.
Although equipped with more degrees of movement than
the microscope, it still does not allow viewing certain hid-
den angles that the endoscope allows (Fig. 5).

Limitations

The present review has several limitations related to the
selected studies. The studies differed in their methodolo-
gies, patient cohorts, and surgical outcomes, making proper
comparisons difficult. Many studies lacked standardized
reporting, and most were single-center, retrospective analy-
ses with small sample sizes, causing bias. By not setting
a time limit, the most recent studies might not be directly
comparable to carlier ones, as technology has advanced.
Indeed, advances in technology have led to high-resolution,
miniaturized rigid endoscopes, and better endoscope hold-
ers. However, there are no significant differences in rates of
resection, anatomic or functional facial nerve preservation
between the late ‘90/early ‘00 and the more recent series.
Tumor size influences outcomes from full endoscopic pro-
cedures, preferring this approach for small lesions. Another
limitation is the inability to provide precise figures for EC
resection, as many studies report EC as a possibility when
a tumor remnant was identified during inspection (EA). In
order to definitively conclude on the real potential of the
endoscope, a randomized, multicenter study should be con-
ducted. Randomized controlled trials would provide stron-
ger evidence for the benefits of endoscopy and help establish
guidelines for its routine use in CPA tumor surgeries.

Conclusions

The use of the endoscope in the surgical management of
extra-axial tumors of the cerebellopontine angle (CPA) has
shown promising results over the past few decades. The
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Fig. 5 Different point of views: microscopic/exoscopic vs. endoscopic
views. Preoperative contrast-enhanced T1-weighted MRI of a right
Samii 4a vestibular schwannoma (axial cut, a); coronal and sagittal
cuts (b and ¢, respectively) show the inferior compartment and the
vascular relationships which were evaluated immediately after cistern
opening with either the exoscope (d) and the endoscope (e); d, the
inferior pole of the tumor (T) is covered with a cotton, the suction
retracts the cerebellum (C), and the line of sight of the exoscope points

enhanced visualization provided by endoscopic approaches,
either as an adjunct to microscopic surgery (endoscope-
assisted) or as the primary visualization tool (endoscope-
controlled or full-endoscopic), offers several advantages.
These include improved identification of residual tumors,
better anatomical recognition, and a reduction in postopera-
tive complications such as cerebrospinal fluid leaks. Despite
these benefits, the widespread adoption of endoscopic

to the lateral cerebellomedullary cistern, viewing part of the roots of
the tenth cranial nerve and a vessel passing over the lateral surface
of the medulla oblongata can be seen; e, a better anatomical detail
is obtained with the direct light of a 30° rigid endoscope (Olympus),
highlighting the choroid plexus immediately under the suction, the
tenth cranial nerve’s rootlets (X), the eleventh cranial nerve (XI), the
collateral rami of the posterior inferior cerebellar artery (PICA) and its
medial origin from the vertebral artery (VA)

techniques remains limited. The majority of neurosurgeons
are more familiar with traditional microscopic methods,
and the specialized skills required for endoscopic surgery
are typically found in only a few centers. Furthermore, the
evidence supporting the routine use of endoscopy in CPA
tumor surgeries has been limited to a few prospective and
case-control studies. In conclusion, the endoscopic visu-
alization for most tumors of the CPA, and especially for
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multicompartmental ETs and meningiomas, should be con-
sidered not in substitution of the operating microscope, but
as an additional tool in the surgical armamentarium.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s00405-0
25-09427-4.

Author contributions R.D.M. conceptualization, writing the original
draft, investigation, data curation, formal analysis, validation, editing,
visualization; S.F. editing; A.A. editing; D.G. investigation, editing;
F.Z. validation, editing, supervision. All authors reviewed the final ver-
sion of the manuscript.

Funding Open access funding provided by Universita degli Studi di
Torino within the CRUI-CARE Agreement.
This study was not received any funding.

Declarations

Ethical approval All procedures performed in studies involving hu-
man participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards. This article does not contain any studies with animals per-
formed by any of the authors. We confirm that the manuscript has been
read and approved by all named authors and that there are no other
persons who satisfied the criteria for authorship but are not listed. We
further confirm that the order of authors listed in the manuscript has
been approved by all of us. We confirm that we have given due con-
sideration to the protection of intellectual property associated with this
work and that there are no impediments to publication, including the
timing of publication, with respect to intellectual property. In so doing
we confirm that we have followed the regulations of our institutions
concerning intellectual property. We further confirm that any aspect
of the work covered in this manuscript that has involved either experi-
mental animals or human patients has been conducted with the ethical
approval of all relevant bodies and that such approvals are acknowl-
edged within the manuscript. We understand that the Corresponding
Author is the sole contact for the Editorial process (including Edito-
rial Manager and direct communications with the office). He/she is
responsible for communicating with the other authors about progress,
submissions of revisions and final approval of proofs. We confirm that
we have provided a current, correct email address which is accessible
by the Corresponding Author and which has been configured to accept
email from.

Conflict of interest We wish to confirm that there are no known con-
flicts of interest associated with this publication and there has been no
significant financial support for this work that could have influenced
its outcome.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright

@ Springer

holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1. O’Donoghue G, O’flynn P (1993) Endoscopic anatomy of the cer-
ebellopontine angle. American Journal of Otology

2. Magnan J, Chays A, Lepetre C et al (1994) Surgical perspec-
tives of endoscopy of the cerebellopontine angle. Am J Otol
15:366-370

3. Takemura Y, Inoue T, Morishita T, Rhoton AL (2014) Compari-
son of microscopic and endoscopic approaches to the cerebello-
pontine angle. World Neurosurg 82:427—441. https://doi.org/10.1
016/J.WNEU.2013.07.013

4. Di Perna G, De Marco R, Baldassarre BM et al (2023) Facial
nerve outcome score: a new score to predict long-term facial
nerve function after vestibular Schwannoma surgery. Front Oncol
13

5. Fekete JT, Gy6rffy B (2025) MetaAnalysisOnline.com: Web-
Based Tool for the Rapid Meta-Analysis of Clinical and Epide-
miological Studies. J] Med Internet Res 2025;27:¢64016 https://
www.jmir.org/2025/1/e6401627:¢64016. https://doi.org/10.2196/
64016

6. Goksu N, Bayazit Y, Kemaloglu Y (1999) Endoscopy of the pos-
terior fossa and endoscopic dissection of acoustic neuroma. Neu-
rosurg Focus 6:E15. https://doi.org/10.3171/FOC.1999.6.4.16

7. Wackym PA, King WA, Poe DS et al (1999) Adjunctive use of
endoscopy during acoustic neuroma surgery. Laryngoscope
109:1193-1201. https://doi.org/10.1097/00005537-199908000-0
0003

8. King WA, Wackym PA (1999) Endoscope-assisted surgery for
acoustic neuromas (vestibular schwannomas): early experience
using the rigid Hopkins telescope. Neurosurgery 44:1095-1102.
https://doi.org/10.1097/00006123-199905000-00084

9. Magnan J, Barbieri M, Mora R et al (2002) Retrosigmoid
approach for small and medium-sized acoustic neuromas. Otol
Neurotol 23:141-145. https://doi.org/10.1097/00129492-200203
000-00006

10. Goksu N, Yilmaz M, Bayramoglu I et al (2005) Evaluation of the
results of endoscope-assisted acoustic neuroma surgery through
posterior fossa approach. ORL J Otorhinolaryngol Relat Spec
67:87-91. https://doi.org/10.1159/000084623

11. Gerganov VM, Romansky KV, Bussarsky VA et al (2005) Endo-
scope-assisted microsurgery of large vestibular schwannomas.
Minim Invasive Neurosurg 48:39-43. https://doi.org/10.1055/S-2
004-830171

12. Kabil MS, Shahinian HK (2006) A series of 112 fully endoscopic
resections of vestibular schwannomas. Minim Invasive Neuro-
surg 49:362-368. https://doi.org/10.1055/S-2006-955068

13. Hori T, Okada Y, Maruyama T et al (2006) Endoscope-controlled
removal of intrameatal vestibular schwannomas. Minim Invasive
Neurosurg 49:25-29. https://doi.org/10.1055/S-2006-932125

14. Gerganov VM, Giordano M, Herold C et al (2010) An electro-
physiological study on the safety of the endoscope-assisted
microsurgical removal of vestibular schwannomas. Eur J Surg
Oncol 36:422-427. https://doi.org/10.1016/J.EJS0O.2009.11.003

15. Shahinian HK, Ra Y (2011) 527 Fully endoscopic resections of
vestibular schwannomas. Minim Invasive Neurosurg 54:61-67. h
ttps://doi.org/10.1055/S-0031-1275335

16. Kumon Y, Kohno S, Ohue S et al (2012) Usefulness of Endo-
scope-Assisted microsurgery for removal of vestibular schwan-
nomas. J Neurol Surg B Skull Base 73:42. https://doi.org/10.105
5/S-0032-1304555


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/J.WNEU.2013.07.013
https://doi.org/10.1016/J.WNEU.2013.07.013
https://www.jmir.org/2025/1/e6401627:e64016
https://www.jmir.org/2025/1/e6401627:e64016
https://doi.org/10.2196/64016
https://doi.org/10.2196/64016
https://doi.org/10.3171/FOC.1999.6.4.16
https://doi.org/10.1097/00005537-199908000-00003
https://doi.org/10.1097/00005537-199908000-00003
https://doi.org/10.1097/00006123-199905000-00084
https://doi.org/10.1097/00006123-199905000-00084
https://doi.org/10.1097/00129492-200203000-00006
https://doi.org/10.1097/00129492-200203000-00006
https://doi.org/10.1159/000084623
https://doi.org/10.1055/S-2004-830171
https://doi.org/10.1055/S-2004-830171
https://doi.org/10.1055/S-2006-955068
https://doi.org/10.1055/S-2006-932125
https://doi.org/10.1016/J.EJSO.2009.11.003
https://doi.org/10.1055/S-0031-1275335
https://doi.org/10.1055/S-0031-1275335
https://doi.org/10.1055/S-0032-1304555
https://doi.org/10.1055/S-0032-1304555
https://doi.org/10.1007/s00405-025-09427-4
https://doi.org/10.1007/s00405-025-09427-4

European Archives of Oto-Rhino-Laryngology (2025) 282:5445-5460

5459

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Chovanec M, Zvéfina E, Profant O et al (2013) Impact of video-
endoscopy on the results of retrosigmoid-transmeatal microsur-
gery of vestibular Schwannoma: prospective study. Eur Arch
Otorhinolaryngol 270:1277-1284. https://doi.org/10.1007/S0040
5-012-2112-6

lacoangeli M, Salvinelli F, Di Rienzo A et al (2013) Microsur-
gical endoscopy-assisted presigmoid retrolabyrinthine approach
as a minimally invasive surgical option for the treatment of
medium to large vestibular schwannomas. Acta Neurochir (Wien)
155:663—670. https://doi.org/10.1007/S00701-012-1591-Y/FIG
URES/4

Presutti L, Magnaguagno F, Pavesi G et al (2014) Combined
endoscopic-microscopic approach for vestibular Schwannoma
removal: outcomes in a cohort of 81 patients. Acta Otorhinolar-
yngol Ital 34:427

Setty P, D’ Andrea KP, Stucken EZ et al (2015) Endoscopic resec-
tion of vestibular schwannomas. J Neurol Surg B Skull Base
76:230. https://doi.org/10.1055/S-0034-1543974

Marchioni D, Carner M, Soloperto D et al (2018) Expanded trans-
canal transpromontorial approach: A novel surgical technique
for cerebellopontine angle vestibular Schwannoma removal.
158(710-715). https://doi.org/10.1177/0194599818756592. http
s://doi.org/10.1177/0194599818756592

Marchioni D, Gazzini L, Boaria F et al (2019) Is endoscopic
inspection necessary to detect residual disease in acoustic neu-
roma surgery? Eur Arch Otorhinolaryngol 276:2155-2163. https:
//doi.org/10.1007/S00405-019-05442-4

Corrivetti F, Cacciotti G, Scavo CG et al (2021) Flexible endo-
scopic assistance in the surgical management of vestibular
schwannomas. Neurosurg Rev 44:363-371. https://doi.org/10.10
07/810143-019-01195-0/FIGURES/8

Caballero-Garcia J, Morales-Pérez I, Michel-Giol-Alvarez A et
al (2020) Endoscopic retrosigmoid keyhole approach in cerebel-
lopontine angle tumors. A surgical cohort. Neurocirugia (English
Edition) 32:268-277. https://doi.org/10.1016/J.NEUCIR.2020.10
.001

Bi Y, Ni Y, Gao D et al (2022) Endoscope-Assisted retrosig-
moid approach for vestibular schwannomas with intracanalicular
extensions: facial nerve outcomes. Front Oncol 11. https://doi.org
/10.3389/FONC.2021.774462

Yang S, Wang J, Yang C et al (2023) An investigation into whether
the facial nerve and auditory nerve can be protected by removal
of the posterior wall of the internal auditory Canal under 30° neu-
roendoscopy during vestibular Schwannoma surgery. J Craniofac
Surg. https://doi.org/10.1097/SCS.0000000000009826

Yang Z, Xiong X, Jian Z, Du L (2023) Analysis of the effect
of neuroendoscopy-assisted microscopy in the treatment of
large (Koos grade IV) vestibular Schwannoma. Front Oncol
13:1033954. https://doi.org/10.3389/FONC.2023.1033954
Hosoya M, Nishiyama T, Wakabayashi T et al (2023) Vestibular
Schwannoma surgery with Endoscope-Assisted retrolabyrinthine
approach under modified reinforced continuous intraoperative
monitoring for hearing preservation: experience of 33 cases in a
single center. Diagnostics 13. https://doi.org/10.3390/DIAGNOS
TICS13020275

Yuguang L, Chengyuan W, Meng L et al (2005) Neuroendoscopic
anatomy and surgery of the cerebellopontine angle. J Clin Neuro-
sci 12:256-260. https://doi.org/10.1016/J.JOCN.2004.05.015
Xian-hao J, Zhen G, Ya-sheng Y, Wei-dong Z (2022) Resection of
vestibular Schwannoma through middle cranial Fossa approach
with endoscopic assistance. World Neurosurg 158:€225-e230. ht
tps://doi.org/10.1016/J.WNEU.2021.10.166

Zhang H, Wang J, Liu J et al (2023) Fully neuroendoscopic resec-
tion of cerebellopontine angle tumors through a retrosigmoid
approach: a retrospective single-center study. Neurosurg Rev 47.
https://doi.org/10.1007/S10143-023-02244-5

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Hu Z, Guan F, Kang T et al (2015) Whole course neuroendo-
scopic resection of cerebellopontine angle epidermoid cysts. J
Neurol Surg Cent Eur Neurosurg 77:381-388. https://doi.org/10.
1055/S-0035-1558818/ID/JR1411790A-22/BIB

Peng Y, Yu L, Li Y et al (2014) Pure endoscopic removal of epi-
dermoid tumors of the cerebellopontine angle. Childs Nerv Syst
30:1261-1267. https://doi.org/10.1007/S00381-014-2357-Z
Safavi-Abbasi S, Di Rocco F, Bambakidis N et al (2008) Has
management of epidermoid tumors of the cerebellopontine angle
improved? A surgical synopsis of the past and present. Skull Base
18:85-98. https://doi.org/10.1055/S-2007-991108

Schroeder HWS, Oertel J, Gaab MR (2004) Endoscope-assisted
microsurgical resection of epidermoid tumors of the cerebello-
pontine angle. J Neurosurg 101:227-232. https://doi.org/10.3171
/INS.2004.101.2.0227

Singh S, Das KK, Kumar K et al (2022) Cerebellopontine angle
epidermoids: comparative results of microscopic and endoscopic
excision using the retromastoid approach. J Neurol Surg B Skull
Base 83:¢60. https://doi.org/10.1055/S-0040-1722713

Tammam M, Khayat R, El, Khallaf M, Hassan HM (2022)
The endoscopic-assisted approach versus the microscopic only
approach in resection of cerebellopontine angle epidermoids: a
5-year retrospective study. Egypt J Neurol Psychiatry Neurosurg
58:1-5. https://doi.org/10.1186/S41983-022-00536-Z/TABLES/
2

Tuchman A, Platt A, Winer J et al (2014) Endoscopic-assisted
resection of intracranial epidermoid tumors. World Neurosurg
82:450-454. https://doi.org/10.1016/J. WNEU.2013.03.073
Vernon V, Naik H, Guha A (2022) Surgical management of cer-
ebellopontine angle epidermoid cysts: an institutional experience
of 10 years. Br J Neurosurg 36:203-212. https://doi.org/10.1080/
02688697.2020.1867058

Schroeder HWS, Hickmann AK, Baldauf J (2011) Endoscope-
assisted microsurgical resection of skull base meningiomas. Neu-
rosurg Rev 34:441-455. https://doi.org/10.1007/S10143-011-032
2-9/FIGURES/5

Setty P, D’ Andrea KP, Stucken EZ et al (2016) Fully endoscopic
resection of cerebellopontine angle meningiomas. J Neurol Surg
Cent Eur Neurosurg 77:11-18. https://doi.org/10.1055/S-0035-15
51825

Fries G, Perneczky A (1998) Endoscope-assisted brain surgery:
part 2—analysis of 380 procedures. Neurosurgery 42:226-232. htt
ps://doi.org/10.1097/00006123-199802000-00008

Bottrill ID, Poe DS (1995) Endoscope-assisted ear surgery. Am J
Otol 16:158-163

Valtonen HJ, Poe DS, Heilman CB, Tarlov EC (1997) Endoscopi-
cally assisted prevention of cerebrospinal fluid leak in suboccipi-
tal acoustic neuroma surgery. Am J Otol 18:381-385

De Divitiis O, Cavallo LM, Fabbro MD et al (2007) Freechand
dynamic endoscopic resection of an epidermoid tumor of the cer-
ebellopontine angle: technical case report. Neurosurgery 61. http
s://doi.org/10.1227/01.neu.0000303222.40145.1a

Pieper DR (2012) The endoscopic approach to vestibular schwan-
nomas and posterolateral skull base pathology. Otolaryngol Clin
North Am 45:439-454. https://doi.org/10.1016/J.0TC.2011.12.0
11

Labidi M, Watanabe K, Hanakita S et al (2018) The chopsticks
technique for endoscopic endonasal Surgery—Improving surgical
efficiency and reducing the surgical footprint. World Neurosurg
117:208-220. https://doi.org/10.1016/J.WNEU.2018.05.229
Jiang T, Justo J, Alcantara T et al (2023) Endoscope-assisted
anterolateral approach for a craniovertebral junction Chordoma.
Clin Neurol Neurosurg 228:107706. https://doi.org/10.1016/J.CL
INEURO.2023.107706

Marchioni D, Alicandri-Ciufelli M, Rubini A et al (2017) Exclu-
sive endoscopic transcanal transpromontorial approach: a new

@ Springer


https://doi.org/10.1055/S-0035-1558818/ID/JR141179OA-22/BIB
https://doi.org/10.1055/S-0035-1558818/ID/JR141179OA-22/BIB
https://doi.org/10.1007/S00381-014-2357-Z
https://doi.org/10.1055/S-2007-991108
https://doi.org/10.3171/JNS.2004.101.2.0227
https://doi.org/10.3171/JNS.2004.101.2.0227
https://doi.org/10.1055/S-0040-1722713
https://doi.org/10.1186/S41983-022-00536-Z/TABLES/2
https://doi.org/10.1186/S41983-022-00536-Z/TABLES/2
https://doi.org/10.1016/J.WNEU.2013.03.073
https://doi.org/10.1080/02688697.2020.1867058
https://doi.org/10.1080/02688697.2020.1867058
https://doi.org/10.1007/S10143-011-0322-9/FIGURES/5
https://doi.org/10.1007/S10143-011-0322-9/FIGURES/5
https://doi.org/10.1055/S-0035-1551825
https://doi.org/10.1055/S-0035-1551825
https://doi.org/10.1097/00006123-199802000-00008
https://doi.org/10.1097/00006123-199802000-00008
https://doi.org/10.1227/01.neu.0000303222.40145.1a
https://doi.org/10.1227/01.neu.0000303222.40145.1a
https://doi.org/10.1016/J.OTC.2011.12.011
https://doi.org/10.1016/J.OTC.2011.12.011
https://doi.org/10.1016/J.WNEU.2018.05.229
https://doi.org/10.1016/J.CLINEURO.2023.107706
https://doi.org/10.1016/J.CLINEURO.2023.107706
https://doi.org/10.1007/S00405-012-2112-6
https://doi.org/10.1007/S00405-012-2112-6
https://doi.org/10.1007/S00701-012-1591-Y/FIGURES/4
https://doi.org/10.1007/S00701-012-1591-Y/FIGURES/4
https://doi.org/10.1055/S-0034-1543974
https://doi.org/10.1177/0194599818756592
https://doi.org/10.1177/0194599818756592
https://doi.org/10.1177/0194599818756592
https://doi.org/10.1007/S00405-019-05442-4
https://doi.org/10.1007/S00405-019-05442-4
https://doi.org/10.1007/S10143-019-01195-0/FIGURES/8
https://doi.org/10.1007/S10143-019-01195-0/FIGURES/8
https://doi.org/10.1016/J.NEUCIR.2020.10.001
https://doi.org/10.1016/J.NEUCIR.2020.10.001
https://doi.org/10.3389/FONC.2021.774462
https://doi.org/10.3389/FONC.2021.774462
https://doi.org/10.1097/SCS.0000000000009826
https://doi.org/10.3389/FONC.2023.1033954
https://doi.org/10.3390/DIAGNOSTICS13020275
https://doi.org/10.3390/DIAGNOSTICS13020275
https://doi.org/10.1016/J.JOCN.2004.05.015
https://doi.org/10.1016/J.WNEU.2021.10.166
https://doi.org/10.1016/J.WNEU.2021.10.166
https://doi.org/10.1007/S10143-023-02244-5
https://doi.org/10.1007/S10143-023-02244-5

5460

European Archives of Oto-Rhino-Laryngology (2025) 282:5445-5460

50.

51.

52.

perspective for internal auditory Canal vestibular Schwannoma
treatment. J Neurosurg 126:98—105. https://doi.org/10.3171/201
5.11.JNS15952

Abolfotoh M, Bi WL, Hong CK et al (2015) The combined
microscopic-endoscopic technique for radical resection of cer-
ebellopontine angle tumors. J Neurosurg 123:1301-1311. https:
//doi.org/10.3171/2014.10.JNS141465

Little AS, Almefty KK, Spetzler RF (2014) Endoscopic surgery
of the posterior Fossa: strengths and limitations. World Neurosurg
82:322-324. https://doi.org/10.1016/J. WNEU.2013.08.044
Altieri R, Tardivo V, Pacca P et al (2018) 3D HD endoscopy
in skull base surgery: from darkness to light. Surg Technol Int
XXIX: 359-365

@ Springer

53.

54.

Bernardeschi D, Lahlou G, De Seta D et al (2018) 3D endoscopic
ear surgery: a clinical pilot study. Eur Arch Otorhinolaryngol
275:379-384. https://doi.org/10.1007/S00405-017-4839-6

De Marco R, Lo Bue E, Di Perna G et al (2024) Introducing endo-
scopic assistance on routinary basis for vestibular schwannomas
resection: A single centre acceptance analysis. Neurochirurgie
70:101524. https://doi.org/10.1016/J.NEUCHI.2023.101524

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/S00405-017-4839-6
https://doi.org/10.1016/J.NEUCHI.2023.101524
https://doi.org/10.3171/2015.11.JNS15952
https://doi.org/10.3171/2015.11.JNS15952
https://doi.org/10.3171/2014.10.JNS141465
https://doi.org/10.3171/2014.10.JNS141465
https://doi.org/10.1016/J.WNEU.2013.08.044

	﻿A systematic review on the role of the endoscope in the surgical management of cerebellopontine angle tumors: is it time to draw the conclusion?
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Results
	﻿Vestibular schwannoma
	﻿Extent of resection and facial nerve outcome in VS


	﻿Epidermoid tumor
	﻿Extent of resection in ET

	﻿Meningioma
	﻿Discussion
	﻿Advantages of the endoscope use in CPA lesions
	﻿Limitations of the endoscope use in CPA lesions

	﻿Limitations
	﻿Conclusions
	﻿References


