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ABSTRACT

Background: Vestibular schwannomas are benign tumors arising from the vestibular portion of
the eighth cranial nerve and commonly present in the cerebellopontine angle. Surgical removal
through the retrosigmoid approach is widely used for large tumors; however, preservation of facial
nerve function remains a major surgical challenge. Intraoperative neuromonitoring has been
increasingly utilized to improve neural preservation and surgical safety. Aim To evaluate the
impact of intraoperative neuromonitoring on the extent of tumor resection and postoperative
morbidity in patients undergoing retrosigmoid surgery for large vestibular schwannomas.
Materials and Methods: This comparative observational study included 78 patients with large
vestibular schwannomas who underwent retrosigmoid surgical excision. Patients were divided into
two groups: 45 patients operated with intraoperative neuromonitoring and 33 patients operated
without neuromonitoring. Baseline demographic and radiological characteristics were recorded.
Surgical outcomes including extent of tumor resection, postoperative facial nerve function using
the House—Brackmann grading system, operative duration, and postoperative complications were
analyzed. Statistical analysis was performed using appropriate parametric and non-parametric
tests, with a p-value <0.05 considered statistically significant. Results: Baseline clinical and
radiological parameters were comparable between the two groups. Gross total tumor resection was
achieved in 84.44% of patients with neuromonitoring compared to 60.61% without
neuromonitoring (p = 0.017). Improvement in postoperative facial nerve function occurred
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significantly more frequently in the neuromonitoring group (68.89% vs 33.33%, p = 0.002). The
mean duration of surgery was significantly longer in the neuromonitoring group (440.89 + 26.14
minutes vs 390.91 £ 21.01 minutes, p < 0.001). Postoperative complications including CSF leak,
meningitis, wound infection, infarction, and mortality were comparable between the groups.
Conclusion: Intraoperative neuromonitoring significantly improves facial nerve preservation and
increases the rate of gross total tumor resection in retrosigmoid surgery for large vestibular
schwannomas without increasing postoperative morbidity. Therefore, neuromonitoring serves as
an important adjunct to enhance surgical safety and functional outcomes in vestibular schwannoma
surgery.

Keywords: Vestibular schwannoma. Intraoperative neuromonitoring. Facial nerve preservation.

INTRODUCTION

Vestibular schwannomas (VS), historically referred to as acoustic neuromas, are benign tumors
arising from Schwann cells of the vestibular division of the eighth cranial nerve. These tumors
account for approximately 8-10% of all intracranial tumors and nearly 80-90% of tumors
occurring in the cerebellopontine angle. They typically originate within the internal auditory canal
and gradually extend into the cerebellopontine angle cistern, where they may compress adjacent
cranial nerves and brainstem structures. As tumor size increases, symptoms such as progressive
sensorineural hearing loss, tinnitus, vertigo, facial nerve dysfunction, and signs of raised
intracranial pressure may occur due to compression of neural structures.!!

The management of vestibular schwannomas has evolved considerably over the past few decades
with improvements in microsurgical techniques, neuroimaging, anesthesia, and intraoperative
neurophysiological monitoring. Large vestibular schwannomas, generally defined as tumors larger
than 34 cm in diameter, pose particular surgical challenges because of distortion of normal
anatomy, compression of the brainstem, and adherence to surrounding cranial nerves. Among the
various surgical approaches described for their excision, the retrosigmoid approach remains one
of the most widely used techniques as it provides excellent exposure of the cerebellopontine angle,
allows visualization of cranial nerves, and facilitates tumor removal while attempting to preserve
neurological function.?!

One of the major goals of modern vestibular schwannoma surgery is the preservation of facial
nerve function while achieving maximal safe tumor resection. The facial nerve is often stretched,
thinned, or displaced by the tumor capsule, making its identification and preservation difficult
during surgical dissection. Damage to the facial nerve during tumor removal may result in
postoperative facial palsy, which significantly affects the patient’s quality of life. Therefore,
intraoperative strategies aimed at preserving nerve integrity have become increasingly important.*!
Intraoperative neuromonitoring (IONM) has emerged as a valuable tool in skull base surgery,
particularly during vestibular schwannoma resection. Neuromonitoring techniques such as facial
nerve electromyography (EMGQG), brainstem auditory evoked responses (BAER), and motor evoked
potentials allow real-time assessment of cranial nerve function during surgery. These modalities
enable surgeons to identify neural structures, monitor nerve integrity, and modify surgical
maneuvers when neural irritation or injury is detected. Studies have demonstrated that the use of
intraoperative neuromonitoring improves the rate of facial nerve preservation and reduces
postoperative neurological morbidity.!
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AIM

To evaluate the impact of intraoperative neuromonitoring on the extent of tumor resection and
postoperative morbidity in patients undergoing retrosigmoid surgery for large vestibular
schwannomas.

OBJECTIVES
1. To compare the extent of tumor resection in retrosigmoid surgery for large vestibular
schwannomas performed with and without intraoperative neuromonitoring.
2. To evaluate postoperative neurological morbidity, particularly facial nerve function, in both
groups of patients.
3. To assess the overall surgical outcomes and complication rates associated with
intraoperative neuromonitoring during vestibular schwannoma surgery.

MATERIALS AND METHODOLOGY
Source of Data
The data were collected from patients diagnosed with large vestibular schwannomas who
underwent surgical management in the Department of Neurosurgery at a tertiary care teaching
hospital. Clinical data, radiological findings, intraoperative details, and postoperative outcomes
were obtained from hospital records, operative notes, and follow-up examinations.
Study Design
The present study was conducted as a comparative observational study involving two groups of
patients undergoing retrosigmoid surgery for large vestibular schwannomas—those operated with
intraoperative neuromonitoring and those operated without neuromonitoring.
Study Location
The study was carried out in the Department of Neurosurgery of a tertiary care teaching hospital,
which routinely manages complex skull base tumors including vestibular schwannomas.
Study Duration
The study was conducted over a period of two years, during which eligible patients undergoing
retrosigmoid surgery for vestibular schwannoma were included and followed up postoperatively.
Sample Size
A total of 78 patients diagnosed with large vestibular schwannomas were included in the study.

e Group A (With intraoperative neuromonitoring): 45 patients

e Group B (Without intraoperative neuromonitoring): 33 patients
These patients were selected based on predefined inclusion and exclusion criteria.
Inclusion Criteria

1. Patients diagnosed with large vestibular schwannomas (>3 cm) on MRI.

2. Patients aged 18 years and above undergoing surgical excision via the retrosigmoid

approach.
3. Patients willing to provide informed consent for participation in the study and follow-up
evaluation.

4. Patients undergoing primary surgery for vestibular schwannoma.
Exclusion Criteria

1. Patients with recurrent vestibular schwannomas.

2. Patients with neurofibromatosis type 2 (NF2) associated tumors.

3. Patients with severe systemic illness or unfit for surgical intervention.

4. Patients with incomplete clinical records or those lost to follow-up.
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Procedure and Methodology
All patients underwent detailed clinical evaluation including history, neurological examination,
and cranial nerve assessment. Preoperative facial nerve function was graded using the House—
Brackmann facial nerve grading system.
Radiological assessment included magnetic resonance imaging (MRI) with contrast to determine
tumor size, extent, and relation to surrounding structures such as the brainstem and internal
auditory canal. Computed tomography (CT) scans were also performed when necessary to evaluate
bony anatomy.
All patients underwent tumor excision via the retrosigmoid (retromastoid suboccipital) approach
under general anesthesia. The patient was positioned in a supine or park-bench position with
appropriate head rotation. A retrosigmoid craniotomy was performed, followed by opening of the
dura and exposure of the cerebellopontine angle.
In Group A, intraoperative neuromonitoring was used to monitor cranial nerve function,
particularly the facial nerve. Monitoring techniques included facial nerve electromyography with
electrodes placed in facial muscles such as orbicularis oculi and orbicularis oris. Continuous
monitoring enabled identification of the facial nerve and provided real-time feedback during tumor
dissection.
In Group B, tumor excision was performed using conventional microsurgical techniques without
neuromonitoring.
Tumor resection was categorized as gross total resection, near-total resection, or subtotal resection
based on intraoperative findings and postoperative imaging.
Postoperative evaluation included assessment of facial nerve function, extent of resection on
imaging, and identification of complications such as CSF leak, cranial nerve deficits, infection, or
hydrocephalus.
Sample Processing
All clinical and surgical data were systematically recorded in a structured data collection sheet.
Imaging findings and operative details were documented for each patient. Postoperative follow-up
data were collected during hospital stay and subsequent outpatient visits.
Statistical Methods
The collected data were entered into Microsoft Excel and analyzed using Statistical Package for
Social Sciences (SPSS) software.

o Continuous variables were expressed as mean + standard deviation.

o (Categorical variables were expressed as frequency and percentage.

e Comparison between the two groups was performed using the Student’s t-test for

continuous variables and the Chi-square test or Fisher’s exact test for categorical variables.

e Ap-value <0.05 was considered statistically significant.
Data Collection
Data collection included demographic variables, clinical presentation, radiological characteristics,
operative findings, extent of tumor resection, postoperative neurological status, and complications.
Patients were followed up postoperatively to assess facial nerve function and other neurological
outcomes.
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OBSERVATION AND RESULTS
Table 1: Baseline clinico-radiological profile of study participants evaluating the impact of
intraoperative neuromonitoring (N = 78)

With neuro | Without neuro Test of
Variable monitoring monitoring .. 95% C1 | P
(n=45) (n=33) significance value
agebyears), Mean | 41 4741240 | 447321226 |1=-115 50 02s2
-18.40%
Female sex, n (%) 30 (66.67) 21 (63.64) x> =0.08 to 0.781
24.46%
Duration of 694  to
symptoms (months), | 12.62 + 10.40 14.36 + 12.02 t=-0.67 ) 0.506
Mean + SD 346
2 -
o (kg/m?), Mean | 53 31 1990 [2330£235 | t=0.02 11(')064 010,985
VMR score, Mean | 95762200 25884215 [1=025 |00 '] 0.803
-13.19%
Tinnitus, n (%) 31 (68.89) 20 (60.61) x> =0.58 to 0.447
29.75%
_ 0
Features of raised , 18.35%
ICP, n (%) 25 (55.56) 17 (51.52) ¥ =0.13 to 0.724
) 26.44%
Brainstem -20.76%
compression on | 29 (64.44) 21 (63.64) > =0.01 to 0.941
MRI, n (%) 22.37%
-19.41%
ﬁ%"r‘l’%’/h;‘ms M 19 (20.00) 7(21.21) v =0.02 to 0.896
» (7o 16.99%
.. -18.90%
Samii - TAA/TAB | 35 79 74, 26 (78.79) =001 0 0.913
lesions, n (%) 16.88%
. 0

Table 1 presents the baseline clinico-radiological profile of the 78 study participants undergoing
retrosigmoid surgery for large vestibular schwannomas, comparing patients operated with
intraoperative neuromonitoring (n=45) and without neuromonitoring (n=33). The mean age of
patients in the neuromonitoring group was 41.47 + 12.40 years, while in the non-neuromonitoring
group it was 44.73 + 12.26 years, with no statistically significant difference (t = —1.15, 95% CI:
—8.89 t0 2.37; p = 0.252). Female patients constituted 66.67% of the neuromonitoring group and
63.64% of the non-neuromonitoring group, again showing no significant difference (y*> = 0.08, p
= (0.781). The mean duration of symptoms prior to surgery was 12.62 £ 10.40 months in the
neuromonitoring group compared to 14.36 = 12.02 months in the non-neuromonitoring group,
which was also not statistically significant (p = 0.506).

Similarly, body mass index (BMI) was nearly identical in both groups (23.31 + 2.22 vs 23.30 £
2.35 kg/m?, p = 0.985). Cognitive status assessed using the MMSE score showed comparable
results (25.76 £ 2.00 vs 25.88 £ 2.15, p = 0.803). Regarding presenting symptoms, tinnitus was

EISSN 1303-5150 www.neuroquantology.com

@

81


http://www.neuroquantology.com/

Neuroquantology | May 2026 | Volume 24 | Issue 05 | Page 77-89| Doi:. 10.48047/nq.2026.24.5.nq26010
Venkatesh V Kharalkar. Masaradi. Impact of Intraoperative Neuromonitoring on Extent of Resection and Postoperative Morbidity in
Retrosigmoid Surgery for Large Vestibular Schwannomas

reported in 68.89% of patients with neuromonitoring and 60.61% without neuromonitoring (p =
0.447), while features of raised intracranial pressure were observed in 55.56% and 51.52% of
patients respectively (p = 0.724).

Radiologically, brainstem compression on MRI was present in 64.44% of patients in the
neuromonitoring group and 63.64% in the non-neuromonitoring group (p = 0.941). Hydrocephalus
was observed in 20.00% and 21.21% of patients respectively (p = 0.896). Advanced tumors
classified as Samii T4A/T4B lesions were present in 77.78% of patients with neuromonitoring and
78.79% without neuromonitoring (p = 0.913).

Table 2: Comparison of extent of tumor resection in retrosigmoid surgery for large vestibular
schwannomas

With neuro | Without neuro Test of p
Variable monitoring monitoring .. 95% CI

(n=45) (n=33) significance value
Overall extent of Y=5.68(df=| 0.058
resection category 2) )
Gross total resection, _ 4.09% to
n (%) 38 (84.44) 20 (60.61) > =5.67 43 599 0.017
Near-total resection, _ -33.92%
n (%) 5(11.11) 9(27.27) > =3.38 © 1.59% 0.066

1 0

f;,‘/f)’“’tal resection, 0 | 5 4 44) 4(12.12) Fisher’s exact | 05t | 0,209
Residual tumor on -16.49%
postoperative 3 (6.67) 4(12.12) Fisher’s exact i 0.431
: . to 5.58%
imaging, n (%)
Intraoperative -13.06%
meatal drilling, n | 12 (26.67) 7(21.21) v =0.31 to 0.576
(%) 23.97%

Table 2 compares the extent of tumor resection achieved during retrosigmoid surgery in patients
undergoing surgery with and without intraoperative neuromonitoring. Overall distribution of
resection categories showed a borderline difference between the groups (y* = 5.68, df = 2; p =
0.058). Gross total resection was achieved in 38 patients (84.44%) in the neuromonitoring group
compared to 20 patients (60.61%) in the non-neuromonitoring group, demonstrating a statistically
significant improvement with neuromonitoring (y* = 5.67, 95% CI: 4.09% to 43.59%,; p = 0.017).
Conversely, near-total resection was more frequent in the non-neuromonitoring group (27.27%)
than in the neuromonitoring group (11.11%), although this difference did not reach statistical
significance (p = 0.066). Subtotal resection occurred in 4.44% of patients with neuromonitoring
and 12.12% without neuromonitoring, but the difference was also not statistically significant (p =
0.209).

Residual tumor detected on postoperative imaging was seen in 6.67% of the neuromonitoring
group and 12.12% of the non-neuromonitoring group (p = 0.431). Additionally, intraoperative
meatal drilling was performed in 26.67% of patients with neuromonitoring and 21.21% without
neuromonitoring (p = 0.576).
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Table 3: Comparison of postoperative neurological morbidity, particularly facial nerve
function

. Without
With  neuro neuro Test of
Variable monitoring e . . . 95% Cl1 P
(n=45) monitoring significance value
(n=33)
Preoperative House- )
Brackmann grade ):C 2) 1210 dfy 0.002
distribution
Normal  preoperative Fisher’s -32.59%
facial nerve function, n | 2 (4.44) 8 (24.24) exact to -10.019
(%) 7.01%
Mild dysfunction ”_ -41.30%
preoperatively, n (%) 10 (22.22) 14 (42.42) > =3.62 0 0.90% 0.057
. 19.74%
Moderate ~ dysfunction | 3373 33) |11 (3333)  |p=1246 |0 <0.001
preoperatively, n (%) 60 26%
. 0
Postoperative House— 2
Brackmann grade 1 4) 49.66 (df | <0.001
distribution
. 14.54%
Postoperative HB grade | 51 6o 39) | 11 (33.33) 2=968  |to 0.002
improved, n (%) 56.57%
Postoperative HB grade ) -31.70%
unchanged, n (%) 4 (8.89) 8 (24.24) > =3.55 0 0.98% 0.060
Postoperative HB grade ) -40.98%
worsened, n (%) 10 (22.22) 14 (42.42) x> =3.65 0 0.58% 0.056
New lower cranial o o
nerve involvement, n | 4 (8.89) 6 (18.18) l;lisalgr S ;3468267@ 0.225
(% ) . (]
Trigeminal/lower e 0
cranial nerve symptoms | 4 (8.89) 6 (18.18) g;ll‘:r s 546 8267@ 0.225
postoperatively, n (%) e

Table 3 compares postoperative neurological morbidity, particularly facial nerve outcomes
assessed using the House—Brackmann (HB) grading system, between the two groups. The
distribution of preoperative HB grades differed significantly between groups (3> =12.11, df =2; p
= 0.002). Normal preoperative facial nerve function was observed in 4.44% of patients in the
neuromonitoring group and 24.24% in the non-neuromonitoring group (p = 0.019). Mild
dysfunction was present in 22.22% and 42.42% of patients respectively (p = 0.057), while
moderate dysfunction was significantly more common in the neuromonitoring group (73.33%)
compared to the non-neuromonitoring group (33.33%) (p < 0.001).

The postoperative HB grade distribution showed a highly significant difference between the groups
(x> = 49.66, df = 4; p < 0.001). Improvement in facial nerve function postoperatively occurred in
68.89% of patients in the neuromonitoring group compared with 33.33% in the non-
neuromonitoring group, representing a statistically significant difference (p = 0.002). The
proportion of patients with unchanged facial nerve function was 8.89% with neuromonitoring and
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24.24% without neuromonitoring (p = 0.060). Similarly, worsening of HB grade occurred in
22.22% of patients with neuromonitoring and 42.42% without neuromonitoring, although this
difference did not reach statistical significance (p = 0.056).

Postoperative neurological complications such as new lower cranial nerve involvement and
trigeminal or lower cranial nerve symptoms occurred in 8.89% of the neuromonitoring group and
18.18% of the non-neuromonitoring group (p = 0.225).

Table 4: Overall surgical outcomes and complication rates associated with intraoperative
neuromonitoring

With  neuro | Without neuro Test of p
Variable monitoring monitoring .. 95% CI
(n=45) (n=33) significance value
Duration of surgery 3933 1o
(minutes), Mean =+ | 440.89 +26.14 | 390.91 £21.01 |t=9.35 60.63 <0.001
SD )
Preoperative ~ CSF . , 3.54% to
diversion, n (%) 9 (20.00) 1(3.03) Fisher’s exact 30.40% 0.026
Postoperative ~ CSF . s -14.13%
diversion, n (%) 0(0.00) 2 (6.06) Fisher’s exact 0 2.01% 0.092
CSF leak, n (%) 3 (6.67) 5(15.15) Fisher’s exact -22.72% 0.222
’ to 5.76%
Meningitis, n (%) 3 (6.67) 4 (12.12) Fisher’s exact -18.76% 0.405
’ to 7.85%
- - 5
zﬁzund infection, 1| 5 4 44 3(9.09) Fisher’s exact | 110" 7 | 0.408
-17.13%
Infarct, n (%) 4 (8.89) 4 (12.12) Fisher’s exact | to 0.642
10.67%

] 0
g/i;e"plora“‘m’ " 222) 2 (6.06) Fisher’s exact té350357{2 0.384
Mortality, n (%) 2 (4.44) 2 (6.06) Fisher’s exact -11.74% 0.749

’ ' ' to 8.51% |
-18.40%
g})o‘;ld((f/j;o"ery (GOS | 36 (66.67) 21 (63.64) 2 =0.08 0 0.781
’ 24.46%
Moderate/severe -24.46%
disability or death, n | 15 (33.33) 12 (36.36) > =0.08 to
(%) 18.40%

Table 4 summarizes the overall surgical outcomes and complication rates associated with
intraoperative neuromonitoring. The mean duration of surgery was significantly longer in the
neuromonitoring group (440.89 £ 26.14 minutes) compared with the non-neuromonitoring group
(390.91 £+ 21.01 minutes) (t = 9.35, 95% CI: 39.33 to 60.63; p <0.001).

Preoperative CSF diversion was performed significantly more frequently in the neuromonitoring
group (20.00%) compared with the non-neuromonitoring group (3.03%) (p = 0.026). However,
postoperative CSF diversion was required only in the non-neuromonitoring group (6.06%) and not
in the neuromonitoring group, although this difference was not statistically significant (p = 0.092).
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Postoperative complications such as CSF leak, meningitis, wound infection, cerebral infarction,
and re-exploration were slightly more frequent in the non-neuromonitoring group, but none of
these differences reached statistical significance (p values ranging from 0.222 to 0.642). Mortality
was comparable in both groups (4.44% vs 6.06%, p = 0.749).

Assessment of functional outcomes using the Glasgow Outcome Scale (GOS) showed good
recovery (GOS 5) in 66.67% of patients in the neuromonitoring group and 63.64% in the non-
neuromonitoring group (p = 0.781). Similarly, the proportion of patients with moderate or severe
disability or death was comparable between groups (33.33% vs 36.36%). Overall, these findings
indicate that while neuromonitoring increased operative duration, it did not significantly increase
postoperative complications and was associated with comparable or slightly better overall
outcomes.

DISCUSSION

Baseline Clinico-Radiological Profile (Table 1): The baseline demographic and clinical
characteristics of the study population were comparable between the neuromonitoring and non-
neuromonitoring groups, indicating that the two cohorts were well matched prior to surgery. In the
present study, the mean age of patients was 41.47 + 12.40 years in the neuromonitoring group and
44.73 £+ 12.26 years in the non-neuromonitoring group, with no statistically significant difference
(p = 0.252). These findings are consistent with those reported by Chen et al. (2021)!, who
observed that the mean age of patients undergoing vestibular schwannoma surgery ranged between
40 and 50 years, reflecting the typical age distribution of the disease.

Similarly, the proportion of female patients was comparable in both groups (66.67% vs 63.64%, p
= 0.781). Previous epidemiological studies have reported a slight female predominance in
vestibular schwannoma cases, which is thought to be related to hormonal influences or healthcare-
seeking patterns. Alomari et al. (2024)! also reported a female predominance of approximately
60% in their multicenter analysis of large vestibular schwannomas.

The duration of symptoms prior to diagnosis was also similar between the two groups (12.62 vs
14.36 months, p = 0.506), which reflects the typically slow-growing nature of vestibular
schwannomas. Comparable symptom duration has been reported in other clinical series. For
example, Garcia-Torrico et al. (2025)1*! noted that patients frequently experience symptoms for 1—
2 years before diagnosis due to gradual tumor progression and delayed onset of neurological
deficits.

The mean BMI of patients in both groups was approximately 23 kg/m?, suggesting that nutritional
or metabolic factors did not significantly influence surgical outcomes in this cohort. Likewise,
cognitive status assessed by MMSE scores showed no significant difference between groups (p =
0.803), indicating preserved baseline neurological function in most patients.

In terms of presenting symptoms, tinnitus was reported in 68.89% of patients in the
neuromonitoring group and 60.61% in the non-neuromonitoring group, consistent with the classic
clinical presentation of vestibular schwannomas. Starnoni ez al. (2020)! similarly reported tinnitus
in approximately 60—70% of patients with cerebellopontine angle tumors.

Radiologically, brainstem compression was present in approximately two-thirds of patients in both
groups, which reflects the inclusion of large vestibular schwannomas in this study. Hydrocephalus
was observed in around 20% of patients, a finding consistent with other reports where obstruction
of cerebrospinal fluid pathways leads to increased intracranial pressure. Krystkiewicz et al
(2025)P! reported hydrocephalus in 15-25% of patients with large or giant vestibular
schwannomas.
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The majority of tumors were classified as Samii T4A/T4B lesions, indicating significant tumor
extension and brainstem compression. These findings are consistent with the observations of
Camacho et al. (2025)!), who reported that large vestibular schwannomas frequently present with
advanced radiological stages due to delayed diagnosis.

Extent of Tumor Resection (Table 2): The present study demonstrated that gross total resection
(GTR) was achieved significantly more frequently in the neuromonitoring group (84.44%)
compared with the non-neuromonitoring group (60.61%) (p = 0.017). This finding suggests that
intraoperative neuromonitoring may facilitate safer dissection of the tumor capsule from adjacent
cranial nerves, thereby enabling more complete tumor removal.

Comparable results have been reported in previous studies. Gibbon et al. (2025)!7) observed that
the use of intraoperative facial nerve monitoring significantly increased the likelihood of achieving
gross total resection while maintaining nerve integrity. Similarly, Arlt ez al. (2022)®) demonstrated
that neuromonitoring allowed surgeons to pursue more aggressive tumor removal with reduced
risk of neurological injury.

Although near-total and subtotal resections were more common in the non-neuromonitoring group,
these differences were not statistically significant. This observation may reflect the cautious
surgical approach often adopted when the exact location of the facial nerve cannot be reliably
identified during tumor dissection.

Residual tumor on postoperative imaging was slightly more frequent in the non-neuromonitoring
group (12.12% vs 6.67%), although the difference was not statistically significant. Similar findings
have been reported by Lucas et al. (2023)P], who noted that subtotal resection is sometimes
intentionally performed to preserve facial nerve function in cases where the tumor capsule is
densely adherent to the nerve.

The rate of intraoperative meatal drilling was comparable between groups (26.67% vs 21.21%, p
=0.576), indicating that surgical exposure of the internal auditory canal was determined primarily
by tumor anatomy rather than neuromonitoring status. Schipmann et al. (2022)!"%! emphasized that
adequate drilling of the internal auditory canal is essential for achieving complete tumor removal
in large vestibular schwannomas.

Postoperative Neurological Morbidity (Table 3): Facial nerve preservation remains one of the
most critical outcomes in vestibular schwannoma surgery. In the present study, a significant
improvement in postoperative facial nerve function was observed in the neuromonitoring group.
Postoperative House—Brackmann grade improvement occurred in 68.89% of patients with
neuromonitoring compared with 33.33% without neuromonitoring (p = 0.002).

These findings are consistent with previous literature demonstrating the benefits of
neuromonitoring in preserving facial nerve function. Starnoni et al. (2020)!* reported that
intraoperative electromyographic monitoring significantly improved facial nerve preservation
rates. Likewise, Garcia-Torrico ef al. (2025)P)] demonstrated that facial nerve monitoring reduced
the incidence of postoperative facial palsy during cerebellopontine angle surgery.

In the current study, worsening of facial nerve function occurred in 22.22% of patients with
neuromonitoring compared with 42.42% without neuromonitoring, although the difference did not
reach statistical significance. This trend nonetheless suggests a protective effect of
neuromonitoring on facial nerve outcomes.

Postoperative involvement of other cranial nerves, including trigeminal and lower cranial nerves,
was slightly more common in the non-neuromonitoring group, though not statistically significant.
Camacho et al. (2025)!9 reported similar complication patterns, noting that cranial nerve
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dysfunction is largely related to tumor size and surgical manipulation rather than monitoring
techniques alone.

Surgical Outcomes and Complications (Table 4): The present study found that the mean
duration of surgery was significantly longer in the neuromonitoring group (440.89 minutes)
compared with the non-neuromonitoring group (390.91 minutes) (p < 0.001). This increase in
operative time may be attributed to the additional steps required for electrode placement, signal
interpretation, and cautious dissection guided by monitoring feedback. Similar findings were
reported by Alomari et al. (2024)!?), who observed longer operative durations in surgeries
involving advanced neuromonitoring techniques.

Preoperative CSF diversion was significantly more frequent in the neuromonitoring group (20%
vs 3.03%, p = 0.026), possibly reflecting the higher proportion of patients with hydrocephalus or
raised intracranial pressure requiring ventricular drainage prior to surgery.

Postoperative complications such as CSF leak, meningitis, wound infection, infarction, and re-
exploration occurred slightly more frequently in the non-neuromonitoring group, although none of
these differences were statistically significant. These findings are consistent with the study by
Krystkiewicz et al. (2025)1%!, who reported similar complication rates irrespective of
neuromonitoring usage.

Mortality rates were comparable between the two groups (4.44% vs 6.06%, p = 0.749). Overall
functional recovery assessed by the Glasgow Outcome Scale (GOS) showed that approximately
two-thirds of patients in both groups achieved good recovery. Chen et al. (2021)!! similarly
reported favorable outcomes in the majority of patients undergoing microsurgical removal of
vestibular schwannomas.

CONCLUSION

The present study evaluated the impact of intraoperative neuromonitoring on the extent of tumor
resection and postoperative morbidity in patients undergoing retrosigmoid surgery for large
vestibular schwannomas. The baseline demographic, clinical, and radiological characteristics were
comparable between the neuromonitoring and non-neuromonitoring groups, indicating that both
groups were well matched for meaningful comparison.

The results of the study demonstrated that the use of intraoperative neuromonitoring was
associated with a significantly higher rate of gross total tumor resection compared with surgeries
performed without neuromonitoring. This suggests that neuromonitoring enables safer and more
confident surgical dissection around critical neural structures, particularly the facial nerve, thereby
facilitating more complete tumor removal.

An important finding of the study was the significant improvement in postoperative facial nerve
outcomes in patients operated with intraoperative neuromonitoring. A substantially higher
proportion of patients in the neuromonitoring group showed improvement in postoperative House—
Brackmann facial nerve grading compared with those operated without neuromonitoring. These
findings highlight the role of neuromonitoring in improving functional outcomes and preserving
cranial nerve integrity during cerebellopontine angle surgery.

Although the duration of surgery was significantly longer in the neuromonitoring group, this
increase in operative time may reflect the meticulous surgical technique and careful neural
dissection guided by monitoring signals. Importantly, the use of neuromonitoring did not increase
postoperative complications, and rates of complications such as cerebrospinal fluid leak,
meningitis, infarction, wound infection, and mortality were comparable between the two groups.
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Overall functional outcomes assessed by the Glasgow Outcome Scale were similar between
groups, with the majority of patients achieving good recovery. However, neuromonitoring
provided a clear advantage in terms of facial nerve preservation and extent of tumor resection.

In conclusion, intraoperative neuromonitoring is a valuable adjunct in retrosigmoid surgery for
large vestibular schwannomas, as it enhances the safety of tumor dissection, improves facial nerve
preservation, and increases the likelihood of achieving gross total tumor resection without
significantly increasing surgical morbidity.

LIMITATIONS OF THE STUDY

Despite the valuable findings of this study, several limitations should be considered when
interpreting the results.

First, the sample size was relatively small, with a total of 78 patients included in the analysis.
Although the study demonstrated significant differences in certain outcomes, larger multicenter
studies would provide more robust evidence regarding the benefits of intraoperative
neuromonitoring.

Second, the study was conducted at a single tertiary care center, which may limit the
generalizability of the findings to other institutions with different surgical expertise, patient
populations, or neuromonitoring protocols.

Third, the study design was observational rather than randomized, and allocation to
neuromonitoring or non-neuromonitoring groups was not randomized. Therefore, the possibility
of selection bias cannot be completely excluded.

Fourth, the study primarily evaluated short-term postoperative outcomes, and long-term follow-up
regarding tumor recurrence, facial nerve recovery, and quality of life was not extensively analyzed.
Fifth, variability in tumor characteristics such as tumor consistency, degree of adherence to the
facial nerve, and internal auditory canal involvement may have influenced surgical outcomes but
were not fully quantified in this study.
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