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Abstract

Background: The surgery of cerebellopontine angle tumours has remarkably
progressed over the last 2 decades due to improved microsurgical techniques.
The primary operative goals are microscopic total removal of the tumour while
securing the adjacent cranial nerves. Facial Nerve plays a critical role in facial
muscles function and one’s cosmetic appearance, and its weakness can have
profound implications on a patient’s quality of life. Aim of the Study: To assess
the impact of monitoring techniques on the preservation of facial nerve func-
tion during cerebellopontine angle tumours surgery. Patients and Methods:
This is a prospective study. This study was conducted on 30 cases (2 groups,
each had 15 patients) with CPA lesions that had undergone surgical exci-
sion of these lesions performed by retrosigmoid approach (Group A: the pa-
tients were operated under continuous intraoperative facial nerve monitoring
(IOFNM) and Group B: the patients were operated without IOFNM). They
were operated upon in neurosurgery departments at Al-Azhar university hos-
pitals between August 2019 and August 2021. Results: This study showed that
excellent facial nerve function (HB Grade I and II) was higher in group A
than group B, immediately and at 6-month post op (80% and 93% VS 53.3%
and 66.7%). Intermediate (HB Grade III and VI) and Poor (HB Grade V and
VI) facial nerve function was higher in group B than group A; both imme-
diately and 6-month postop (46.7% and 33.3% VS 20% and 6.6%). However,
no statistically significant P-Value between both groups. Conclusion: We con-
cluded that IOFNM can help, but cannot guarantee, the preservation of facial
nerve. Furthermore, it is merely a technical adjunct and does not replace sur-
gical skills, knowledge of anatomy and experience.
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1. Introduction

In November 1894, Sir Charles Ballance was credited with performing the first
successful complete surgical removal of a CPA tumor [1].

Because of the extensive bleeding complications experienced by surgeons op-
erating on CPA masses, Harvey Cushing had referred to the anatomic region as
“the bloody angle” [2].

Several factors had made early attempts at CPA tumor resection very compli-
cated; a lack of diagnostic capabilities or refined surgical instruments coupled
with unreliable anesthesia, limited choices for hemostasis, and an incomplete ap-
preciation of the CPA anatomy. As such, early surgeries had extremely high mor-
tality rates nearing 70% to 85%. Harvey Cushing, found these mortality rates un-
acceptable which pushed him to significantly advance the field of CPA surgery
[2].

Neural preservation is particularly imperative in the contemporary man-
agement of CPA lesions [3]. However, the dissection of the facial nerve may
lead to postoperative paresis as the result of the surgical trauma and the dis-
ruption of blood supply over a large distance. Facial nerve paralysis associated
with CPA surgery has been reported to range from 12% to 41% [4] [5]. How-
ever, in large vestibular schwannoma, it was reported up to 63% [6]. Loss of
facial nerve function can ultimately result in an inability to blink, secrete
tears, or speak properly, thus imposing a significant burden on the patient
[7]. Such significant outcomes were once considered a probable morbidity.
However, with the advent of facial neuromonitoring, the morbidity has been
drastically reduced [8].

Intraoperative direct electrical stimulation and evoked facial nerve electro-
myography (EMG), to monitor facial nerve function have been well documented,
leading to its widespread application in modern surgeries [9].

Some authors reported several benefits of EMG. One of them is determining
the anatomical location of the facial nerve. Direct, pinpoint visualization of the
nerve may be difficult, as the tumor, its capsule, and bone may displace the nerve
in various directions [10].

Moreover, EMG helps prevent unplanned manipulation of the facial nerve by
emitting a warning alarm whenever muscle stimulation is detected. This can warn
the surgeon of impending danger and thus advise cessation of current actions or
alter the surgical planning and strategy, to avoid causing damage to the nerve
[11].

Additionally, EMG can help predict the residual function of the nerve post-
operatively. When comparing postoperative and baseline stimulation thresholds,
patients who require high or higher postoperative currents may have endured

some degree of nerve injury [12].

2. Materials and Methods

This study was conducted on 30 cases (2 groups, each had 15 patients) with CPA
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lesions that had undergone surgical excision of these lesions performed by re-
trosigmoid approach (Group A: the patients were operated under continuous
IOFNM and Group B: the patients were operated without IOFNM). They were
operated upon in neurosurgery departments at Al-Azhar university hospitals
between August 2019 and August 2021.

Inclusion criteria: All cases who were admitted for surgical excision of CPA
tumours were included. The patients were divided into two groups with compa-
rable size of the tumour, age and operating surgeon. The choice of monitoring
or not monitoring, was in a regular order one case was monitored and the next
was not monitored.

Exclusion Criteria: Patients with preoperative complete paralysis of facial
nerve.

Preoperative assessment: Every patient was subjected to careful history tak-
ing, comprehensive general and neurological examination.

Investigations: Every patient was subjected to routine preoperative laboratory
investigations in addition to; Audiometry: PTA were indicated in patients pre-
sented with symptoms suggestive of vestibulocochlear nerve dysfunction. /mag-
ing: 1) CT brain: CT was done for delineating of the bony anatomy and to show
the early expansion of the internal auditory meatus. 2) MRI: Brain MRI with and
without contrast was essentially obtained for all cases preoperatively.

Surgical approach: all patients were operated through retrosigmoid approach.

Intraoperative monitoring: IOFNM was done by EMG. Sterile needle elec-
trodes were placed in the ipsilateral orbicularis oculi and orbicularis oris. Elec-
trodes were be placed in contralateral mimetic facial muscles as a control for
nonspecific EMG activity (e.g., light anesthesia). Muscle relaxants were avoided
during the operation to facilitate the monitoring of EMG activity. Direct elec-
trical stimulation was used as well to localize the nerve.

Patients follow up: All patients were reviewed and followed up at regular in-
terval with special consideration for; Facial nerve functional outcome: It was as-
sessed, and documented immediately postop, after full recovery of the patients,
and at 6-month follow up. Facial nerve function was evaluated using HB grades
and was categorized as: A) Excellent (HB grade 1/2). B) Intermediate (HB grade
3/4). C) Poor (HB grade 5/6). The results of the histopathological examination of
the specimen taken intraoperatively were documented. MRI brain with contrast
was done 3 months postoperatively to determine the extent of the resection of

the lesion and detect any possible delayed postop complications.

3. Results

We can summarize the statistical comparison and clinical outcome between our
two study groups in the following: Regarding demographic data, side and type of
lesion, preop facial nerve function, tumour size, extension and postoperative com-
plications, the results revealed that no statistically significant difference could be
detected between both studied groups (Table 1, Table 2).
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Table 1. Comparison of side and type of lesions distribution between the two groups.

Group A Group B
P value
Count % Count %
Left 7 46.7% 6 40.0%
Side of lesion 0.713
Right 8 53.3% 9 60.0%
Meningioma 2 13.3% 2 13.3%
Type of lesion Epidermoid 1 6.7% 0 0.0% 0.718
Schwannoma 12 80.0% 13 86.7%
Table 2. Comparison of postoperative complications between the two group.
group A group B
P value
Count % Count %
Wound infection 0 0.0% 1 6.7%
Pneumocephalus 1 6.7% 1 6.7%
Post ti
ostoperative Hydrocephalus 1 67% 0 0.0% 1
complications
CSF leak 1 6.7% 0 0.0%
None 12 80.0% 13 86.7%

The two groups have comparable age of patients, preop facial nerve function,

sizes of the tumour and operating surgeon (Tables 3-5, Figure 1, Figure 2).

Table 3. Age and Sex distribution comparison between the two groups.

Group A Group B
P value
Count % Count %

2" decade 1 6.7% 0 0.0%
3" decade 2 13.3% 1 6.7%
4% decade 5 33.3% 7 46.7%

Age group 0.970
5% decade 4 26.7% 4 26.7%
6 decade 2 13.3% 2 13.3%
7% decade 1 6.7% 1 6.7%
Female 9 60.0% 10 66.7%

Sex 0.705
Male 6 40.0% 5 33.3%

Table 4. Shows comparison between preop facial nerve function between the two groups.

group A group B
P value
Count % Count %
Grade I 11 73.3% 11 73.3%
Preoperative Grade II 2 13.3% 2 13.3%
House-Brackmann Grade III 1 6.7% 0 0.0% 0.713

grade Grade IV 1 6.7% 1 6.7%
Grade V 0 0.0% 1 6.7%
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Table 5. Comparisons between preop radiological size and extension.

group A group B
P value
Count % Count %
T2 1 6.7% 0 0.0%
Preop Hannover T3a 1 6.7% 1 6.7%
Classification T3b 2 13.3% 2 13.3% 1
of Tumor Extension T4a 9 60.0% 10 66.7%
T4b 2 13.3% 2 13.3%
<30 1 6.7% 0 0.0%
Size of the lesion >30 8 53.3% 9 60.0%
(mm) in MRI >40 4 26.7% 5 33.3% '
>50 2 13.3% 1 6.7%
B group A monitored cases B group B non-monitored cases
80%
70%
60%
50%
40%
30%
10%
GRADE | GRADE Il GRADE 1lI GRADE IV GRADE V

Preoperative House-Brakmann grade

Figure 1. Comparison between preop facial nerve function between the two groups.

M group A monitored cases B group B non-monitored cases

60%

50%

40%

30%

20%

o | g - = s
<30 >30 >40 >50

0%

Size of the lesion (mm) in MRI

Figure 2. Comparison of preop. tumour size between the two groups.

No statistically significant difference could be detected between both studied
groups as regard anatomical facial nerve preservation, which may be due to small

patient sample. However, we can notice that the only case with disrupted facial
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nerve was in group B. The tumour size in this case was >50 mm.

Excellent facial nerve function (HB Grade I and II) was higher in group A
than group B, immediately and at 6-month post op (80% and 93% VS 53.3% and
66.7%) (Table 6, Table 7, Figure 3, Figure 4). However, no statistically signifi-
cant P-Value between both groups.

Table 6. Comparison of facial nerve function immediately postoperatively between the

two groups.
Group A Group B
P value
Count % Count %
Grade I 11 73.3% 7 46.7%  0.136
Grade II 1 6.7% 1 6.7% 1
Facial nerve function Grade IIT 2 133% 1 67% 1
immediately postoperatively
using HB scale Grade IV 1 67% 3 20% 0598
Grade V 0 0.0% 2 13.3%  0.483
Grade VI 0 0.0% 1 6.7% 1
Table 7. Shows Comparison of Facial nerve function six-month postoperatively.
Group A Group B
P value
Count % Count %
Grade I 12 80% 8 53.3% 0.121
Grade I 2 13.3% 2 13.3% 1
Facial nerve function Grade III 1 6.7% 1 6.7% 1
6-month
postoperatively GradeIV. 0 00% 2  133% 0483
Grade V 0 0.0% 1 6.7% 1
Grade VI 0 0.0% 1 6.7% 1
M group A monitored cases M group B non-monitored cases
80%
70%
60%
50%
40%
30%
o ‘
e B R B BN
’ - —

0%
°  GRADEI GRADEIl GRADEIIl GRADEIV GRADEV GRADE VI

Facial nerve function immediately postoperatively using House
Brakmann scale
Figure 3. Comparison of facial nerve function immediately postoperatively between the

two groups.
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B group A monitored cases B group B non-monitored cases

80%
70%
60%
50%
40%
30%
20%
10%

0,

B e ) o o

GRADE| GRADEIl GRADEIIl GRADEIV GRADEV GRADE VI
Facial nerve function 6 months postoperatively using House
Brakmann scale

Figure 4. Comparison of facial nerve function six-month postoperatively.

Intermediate (HB Grade III and VI) and Poor (HB Grade V and VI) facial nerve
function was higher in group B than group A immediately and 6-month post-
op (46.7% and 33.3% VS 20% and 6.6%). These results reflect the better facial
nerve function outcome with IOFNM. Even though, no statistically significant
difference could be detected between both studied groups which may be due to
small patient sample (Table 8).

Table 8. Comparison of facial nerve function immediately and six-month postoperatively
categorized as excellent, intermediate and poor.

Group A Group B
P value
Count % Count %
Excellent 12 80% 8 53.3%

Facial nerve function .
. . Intermediate 3 20% 4 26.7% 0.208
immediately postop.

Poor 0 0.00% 3 20%

Excellent 14  933% 10 66.7%
Function 6-month postop.  Intermediate 1 6.7% 3 20%  0.201

Poor 0 0.00% 2 13.3%

Regarding the extent of tumor resection; no statistically significant difference
could be detected between both studied groups. Nevertheless, observations pro-
vide evidence that the percentage of lesions that have undergone GTR was high-
er in group B (86.7%) compared to group A (66.7%). Furthermore, the percentage
of lesions that was subtotally excised was higher in group A. This may reflect a
negative impact of monitoring on the decision of surgeon to perform GTR. A large
patient sample is required to validate this observation (Table 9, Figure 5).

Our results revealed that in tumors with Hannover class T1, T2, T3a and T3b,
the rate of anatomical facial nerve preservation was 100%. The only one patient
(3.3%) in which anatomical preservation could not be possible had Hannover

tumor extension T4b and it was of large sized tumor (>50 mm), adherent and
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Table 9. Comparison of extent of tumor resection between the two groups.

Group A Group B
P value
Count % Count %
STR 3 20.00% 1 6.70%
Extent of tumor
. NTR 2 13.30% 1 6.70% 0.477
resection
GTR 10 66.70% 13 86.70%

H group A monitored cases H group B non-m

90%
80%
70%
60%
50%
40%
30%
20%
10%

s &

onitored cases

=

0%
STR NTR
Extent of tumor resection

GTR

Figure 5. Comparison of Extent of tumor resection between the two groups.

compressing the surrounding structures.

There was an inverse relationship between tumour size and the extent of sur-

gical tumor resection as there was statistically significant correlation (P-value

0.001) (Table 10, Figure 6).

Table 10. Relationship between size of lesion in mm and the extent of tumor resection.

Size of the lesion (mm) in MRI

<30 >30 >40 >50 vall)ue
Count % Count % Count % Count %
Extentof  STR 0 00% 0 00% 2 222% 2 667%
tumor NTR 0 00% 0 00% 3 333% 0 0.0% 0.001
resection  GTR 1 100.0% 17 100.0% 4 44.4% 1 33.3%
Size of the lesion (mm) in MRI
<30 m>30 m>40 m>50
100%
80%
60%
40%
20% .
0%

NTR
Extent of tumor resection

GTR

Figure 6. Relationship between size of lesion in mm and the extent of tumor resection.
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There was statistically significant correlation between the size of lesion and
postop facial nerve function (p-value 0.014); The larger the size of the lesion, the
less the percentage of postop excellent to intermediate facial nerve function
(Table 11, Figure 7, Figure 8).

Table 11. The relationship between size of the tumor and postoperative facial nerve function preservation.

Size of the lesion (mm) in MRI

<30 >30 >40 >50 P value
Count % Count % Count % Count %
Facial nerve function  Excellent to intermediate 1 100.0% 17  100.0% 8 88.9% 1 333%
immediately postop Poor function 0 0.0% 0 0.0% 1 111% 2 66.7% 001
Facial nerve function  Excellent to intermediate 1 1000% 17 100.0% 9  100.0% 1  33.3%
6 months postop Poor function 0 00% 0 00% 0 00% 2 667% 001

Size of the lesion (mm) in MRI
m<30 m>30 m>40 m>50

100%
80%
60%
40%
20%

0%

—

Poor function

r

Excellent to intermediate

function
Facial nerve function immediately postoperatively using
House Brakmann scale

Figure 7. The relationship between size of the tumor and immediately postoperative fa-
cial nerve function preservation.

Size of the lesion (mm) in MRI
<30 m>30 m>40 m>50

100%
80%
60%
40%
20%

0%

-

A
Poor function

Excellent to intermediate
function

Facial nerve function 6 months postoperatively using House
Brakmann scale

Figure 8. The relationship between size of the tumor and six-month postoperative facial

nerve function preservation.

Illustrative Cases

Case (1): 50 yrs old female, presented with gradual progressive hearing loss of
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the left ear for three years associated with tinnitus. Examination revealed left
sided SNHL, and there was no facial palsy. MRI showed large partially defined
mass lesion with large dural based which is centered in the left CPA cistern. It
has irregular serrated medial border that contacts the left cerebellum hemis-
phere. The mass demonstrated iso signal intensity and avid enhancement on
post gadolinium images. The patient was operated with microscopic excision of
the right CPA mass through the left retrosigmoid approach under IOFNM. Post
op, patient has left sided facial palsy grade III which was improved to grade II at
6-month follow up period. Histopathology showed CPA meningioma grade II

Patient was referred to SRS for the residual tumour (Figures 9-11).

Figure 10. Preoperative MRI Brain T1 post contrast (a) Axial, (b) Sagittal and (c) Coron-
al imaging; showing left CPA mass lesion.

Figure 11. Postoperative MRI Brain T1 post contrast (a) Axial, (b) Sagittal and (c) Coronal images; showing residual
tumour. And (d) Postop CT brain showing the craniotomy site.

Case (2): 41 yrs old female, presented with left sided non-pulsatile tinnitus
and progressive hearing loss of the left ear for 2 years. Examination revealed left
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sided SNHL, and there was no facial palsy. MRI showed large well defined mass
lesion which is centered in the left IAC. The patient was operated with micro-
scopic excision of the left CPA mass through the left retrosigmoid Approach
without IOFNM. Post op, patient has left sided facial palsy grade IV which was

improved to grade III at 6-month follow up. Histopathology showed VS
(Figures 12-14).

Figure 12. Preoperative MRI Brain T1 post contrast (a) Axial, (b) Coronal and (c) Sagit-
tal imaging; showing left CPA mass.

Figure 14. Postoperative MRI Brain T1 post contrast axial (a) Axial, (b) Coronal and (c)

Sagittal imaging; Showing almost total excision.
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4. Discussion

The goal of CPA surgery should be total tumor removal with preservation of
cranial nerve functions. In experienced hands complete tumor removal is achieved
in 80% to 99% of cases [3]. However, in certain instances it becomes impossible
to achieve complete tumor resection due to the tumor’s intimate relationship
with important structures, such as the facial nerve, brainstem, vessels, and other
nerves in the CPA, without compromising such structures [13]. Intraoperative
vital signs changes or excessive bleeding may also force the procedure to be
abandoned before total tumor excision has been achieved [14].

The main purpose of intraoperative monitoring is to make the surgical team
aware of the ongoing changes in the neural function, thereby permitting mod-
ifications in surgical strategies that can ultimately avoid neural damage [15].
Achieving this purpose demands the use of various monitoring techniques that
are now available. Standard FN monitoring techniques during CPA surgery in-
clude direct electrical stimulation (DES) and free-running EMG [16]. Our study
included nineteen females (63.3%) and eleven males (36.7%). Their ages ranged
from 19 years to 62 years with a mean age of 41.93 years with (SD) standard
deviation 11.14. The highest age incidence of our cases was during the fourth
and fifth decades of life. It is well recognized that there is no statistically signifi-
cant difference, as regard of age and sex of patients, on the outcome of cranial
nerves preservation at CPA surgeries [17]. According to literatures, most tumors
in the CPA cistern are VS (75%), followed by meningiomas (10%) and epider-
moid tumors (5%). Uncommon neoplasms that may involve the CPA include
metastatic disease, facial nerve schwannoma, exophytic, and hemangioma. Non-
neoplastic lesions that may occur include aneurysms arising from the vertebro-
basilar arteries, arachnoid cysts, and lipomas [18]. In this present study, accord-
ing to histopathological reports, VS were the most common lesion (25/30 >
83.3%), followed by meningioma (4/30 > 13.33%). Epidermoid was the least
common (1/30 > 3.3%).

In our study, most of cases (56.7%) had tumour size of 30- 40 mm followed by
tumour size 40 - 50 mm (30%). Based on Preop Hannover classification of tu-
mor extension, 19 patients (63.3%) were T4a, followed by T3b (13.3%) and T4b
(13.3%). In the study of Matthies and samii, 470 out of 1000 cases of VSs were
small size tumors (<30 mm) [19]. Falcioni et al, retrospectively reviewed 1151
cases with VSs, the median tumor size was 1.6 cm [20]. This difference, regard-
ing preop lesion size and extension, between our study and all previous studies,
is due to the fact that most our patients with small size lesion <3 cm preferred
SRS as an alternative option to surgery.

Koos, stated that anatomical preservation of the facial nerve is the rule today
and is achieved in 93% to 99% of cases in his study [21]. Samii et al, reported
that the anatomical preservation of the facial nerve greatly depends upon the
tumor extension and Hannover tumor extension scale was used in his series. He

found anatomical preservation of the facial nerve was possible in 197/200 pa-
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tients (98.5%). In tumors with classes T1, T2, and T3 extension, the rate of facial
nerve preservation was 100%. In 1.5% of patients, the integrity of the nerve
could not be preserved; all of these patients suffered large VSs, corresponding to
class T4 extension. In the study of Rinaldi et al, which included 97 consecutive
patients undergoing surgical excision of sporadic unilateral VS, anatomic pre-
servation of the facial nerve was achieved in 97% of patients. The incidence of
postoperative facial palsy was found to be statistically correlated to tumor size,
but not to the surgical approach used and to extent of tumor penetration in the
IAC. Complete tumor excision was achieved in 94% of cases [22]. In our present
study, anatomical facial nerve preservation was done in 29 patients (96.66%), In
one patient (3.33%) facial nerve integrity could not be preserved. In tumors with
Hannover class T1, T2 and T3, the rate of anatomical fascial nerve preservation
was 100% but, the only one patient in which anatomical preservation could not
be possible had Hannover tumor extension T4b and it was of large sized tumor
(>50 mm), adherent and compressing to the surrounding structures. This pa-
tient was not operated under IOFNM.

The risk of facial nerve palsy after microsurgical removal of CPA lesions can-
not be entirely eliminated, even with refinements in surgical techniques [23].
Several factors including tumor size and extension, tumor consistency, a surge-
on’s operative experience and usage of intraoperative neurophysiological moni-
toring have an important impact on prediction of post op facial nerve preserva-
tion [24]. Other authors found that tumor size is the most important predictor
of facial nerve outcome, and that age, extent of resection and surgical approach
do not independently predict facial palsy [25]. This may be explained by the
greater tension of facial nerve due to the tumor growth in patients with large VS.
cases. Samii et al, retrospective study showed that complete tumor removal was
achieved in 98% of patients. It is worth mentioning that 34% of the patients had
tumour extension < T3a. By the last follow-up examination, excellent or good
facial nerve function had been achieved in 81% of the cases [3]. In the study of
Breun et al, which included 483 patients with VS; useful facial function (HB
grades I-III) was preserved in 80% of cases (392/489): for small tumors it was
86% and for large tumors it was 77%. A total of 108 patients had a severe dys-
function according to HB grades IV-VI. The functional preservation rates corre-
lated significantly (P < 0.05) with tumor extension and size. All cases were oper-
ated under IOFNM [26]. In our present study, immediate postoperative function
grade I, II were achieved in 66.7%, and at six months postoperatively, it was
achieved in 80%. There was statistically significant correlation between the size
of lesion and postop facial nerve function (p-value 0.014). Excellent to interme-
diate facial nerve function in tumour size < 40 mm was 100%, while in tumour >
50 mm decreased to 33.3%.

Regarding the extent of surgical radicality, GTR was achieved in 76.7% (23/30)
which is lower than that achieved by Sami M et al, However, in the study of
Breun et al, GTR was performed in 349 cases (69.5%), and NTR with tissue
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capsule was performed in the remaining 135 cases (26.9%). Partial resection was
carried out in 18 cases (3.6%). According to Jung et al, the extension and size of
the CPA tumor is the main predictor of the extent of tumor resection [27]. In
our study, there was an inverse relationship between the extent of surgical tumor
resection and tumour size as there is statistically significant P-Value 0.001 (<0.05).
This means when tumour size increase, the chance of GTR decrease. The per-
centage of GTR was 100% (18/18) in lesion < 40 mm, but it decreased to 41.7%
(5/12) in tumour size > 40 mm. We observed that significant difference between
the percentage of patients with excellent to intermediate function (100%) and
poor function (0%) in the patient who have undergone NTR compared to those
with GTR (95.7% and 4.3% respectively). There may be a correlation between
extent of tumor resection and postop facial nerve function preservation; Even
though, we couldn’t prove this observation statistically. A large patient sample
may figure out this observation.

In fact, a review of the most recently published large studies of surgical resec-
tion of VS shows a persistent focus on GTR as the main goal of treatment [3]
[20]. Even in these contemporary expert microsurgical series that focus on GTR,
rates of facial dysfunction remain high; good postoperative facial nerve function
(HB grades I and II) range from 33% to 75% for patients with large tumors. At
the same time, radiosurgery advanced as a treatment for VS [28]. Anaizi et al,
investigated the outcome of facial nerve preservation surgery, in 52 patients with
large VS, which was performed by limiting dissection of the interface between
the tumor and the cisternal portion of the facial nerve. If a small piece of capsule
was found densely adherent to the facial nerve or the brainstem, it was left be-
hind. At the end of this study, Anaizi et al, supported the effectiveness and safe-
ty of a staged strategy to maximize preservation, monitor residual tumor, and
follow with radiation therapy when needed. This strategy differs from other re-
cent large studies that continue to advocate GTR as the main treatment [3]. By
searching for large case series, we could find that Schwartz et al, had conducted
retrospective and prospective study including 400 patients with a VS of 2.5 cm
undergoing translab microsurgical resection. At the end of their study, they con-
cluded that NTR and STR are associated with significantly better facial nerve
outcomes than GTR with an acceptable rate of tumor regrowth and need for re-
treatment [29]. Chen et al., evaluated the behavior of residual tumors and facial
nerve outcomes after incomplete excision of VSs in 111 patients. In the 105 pa-
tients with normal preoperative facial nerve function, postoperative facial nerve
function was HB Grades I and II in 51 patients (48.57%), HB Grade III in 34 pa-
tients (32.38%), and HB Grades IV - VI in 20 patients (19.05%). Seven patients
(6.3%) showed evidence of tumor regrowth on follow-up MRI. All 7 patients
(100%) who showed evidence of tumor regrowth had undergone STR. No pa-
tient in the NTR group exhibited regrowth. The follow-up period ranged from
12 to 156 months (mean 45.4 months). Chen et al, concluded that there is un-
doubtedly merit for NTR and STR for preservation of the facial nerve. Ferroli et

al., described the details of technique for facial nerve sparing surgery for large VS
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which included patient-tailored image-guided craniotomy, continuous intraoper-
ative neurophysiological monitoring, intracapsular wide tumor debulking, and
only final extracapsular dissection with FN course identification and brainstem
decompression. A small amount of residual tumor (0.5 - 1 cm’) along the FN is
accepted in order to not damage the nerve. Postoperative radiosurgery workup is
then recommended to obtain good disease control. FN preservation rate (HB
grade 1 - 2) was above 93% (at 6-month follow-up). They concluded that NTR/
STR resection with FN function sparing is a valid option for large VS [30]. Con-
sidering that VSs are benign slowly growing tumors, incomplete removal can be
used as a strategy to reduce postoperative morbidity, and therefore it is impor-
tant to know the behavior of the residual tumor in incomplete resections [30].

Although all recent studies recommended routine use of IOFNM during CPA
surgery, there have been no recent formal comparative clinical trials to assess the
benefits of surgery with monitoring over surgery without monitoring. Moreover,
all old comparative studies (Table 12) are based on retrospective cases and most
of them did not comment on degree of tumour resection in both groups.

The strongest argument against using electrical markers as predictors for poor
function was based on the observation that patients with electrical silence, or
absent responses at the end of surgery, did not necessarily develop a permanent
facial paralysis. Whereas several markers can be reliably used to predict good fa-
cial function, the ability to predict poor function is still limited. Additionally, the
available recommendations concerning IOFNM are all level III. Consequently,
further prospective studies with large patient samples are required to solve these
debates [31].

5. Conclusions

IOFNM can help, but cannot guarantee, the preservation of facial nerve. Fur-
thermore, it is merely a technical adjunct and does not replace surgical skills,
knowledge of anatomy and experience.

We agreed with the congress of neurological surgeons’ systematic review and
evidence-based guidelines on intraoperative cranial nerve monitoring in VS Sur-
gery which includes [31]:

1) Level 3: It is recommended that intraoperative facial nerve monitoring be
routinely utilized during VS surgery to improve long-term facial nerve function.

2) Level 3: IOFNM can be used to accurately predict favorable longterm facial
nerve function after VSs surgery. However, the absence of favorable testing in
the setting of an anatomically intact facial nerve does not reliably predict poor
long-term function and therefore cannot be used to direct decision-making re-
garding the need for early reinnervation procedures.

3) Level 3: Poor intraoperative EMG electrical response of the facial nerve

should not be used as a reliable predictor of poor long-term facial nerve function.

Limitations of Our Study

Our findings would have been strengthened by longer duration of clinical facial
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Table 12. Summary of the reported comparative studies in facial nerve monitoring.

Study year Approach  No of patients  Follow up  Facial nerve preservation Extent of tumour resection
period

Harner, 1987  Retrosigmoid 48 in each group 3 months  Anatomically: Not reported

[32] 88% in monitored versus

79% in non monitored

Functionally: tumours 2-4 cm; 40% of
monitored has excellent function versus
17% in non monitored.

In tumour > 4 cm 38% was paralyzed in
monitored versus 90% in non monitored

Harner, 1988 Retrosigmoid 91 in each group 12 months Functionally: 92% in monitored versus 84% Not reported

[33] in non monitored
Leonetti, 1989  Infratemporal 20 in the Immediate Functionally: Not reported
[34] monitored group, postop 93% in monitored versus 70% in non mo-

31 in the non nitored

monitored
Hammerschlag Translab, 111 in the Immediate Functionally: Not reported
and Cohen, Suboccipital monitored group, postop 3.6% has paralysis in monitored group
1990 [35] 207 in the non versus 14.5% in non monitored group

monitored
Taddi, 2016 Retrosigmoid 27 in the 12 months  Anatomically: 100% Complete resection
[23] monitored group, 100% in monitored versus

24 in the non 91% in non monitored

monitored group Functionally:

monitored non-monitored

Grade I, IT 66.7% 13.6%
Grade III, IV 33.3% 63.6%
Grade V, VI 0% 22.7%
Current study, Retrosigmoid 15in each group 6 months  Anatomically: GTR NTR STR
2021 100% in monitored versus
93.3% in non monitored. Monitored 66.7% 13.3% 20%
Lunctionally: Non- 86.7% 6.7% 6.7%
. . Monitored
monitored non-monitored
Grade I, II 93.3% 66.7%
Grade III, IV 6.7% 20%
Grade V, VI 0% 13.3%

nerve function follow-up and a greater number of patients with long-term MRI
follow-up. The short duration of follow-up limits our ability to completely assess
final facial nerve function outcome and the long-term consequences of residual

tumors.
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