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Abstract

Background: Giant vestibular schwannoma (VS) represents one of the most challenging interventions in skull base surgery.
Preserving facial and cochlear nerves requires effective surgical planning and nuanced techniques.
Objectives: The present study evaluates the role of intraoperative neuromonitoring (IONM) in predicting the outcome of facial and
cochlear nerves.
Methods: This retrospective cohort comprised 34 patients with a giant (Samii IV/IVb grade) VS during 2016 - 2019. The retrosigmoid
approach was used for tumor resection. Pre- and postoperative facial exams were graded according to the House-Brackmann Scale.
Hearing ability was also classified according to the Hannover Hearing Classification. Intraoperative findings included the location
of the nerve complex, tumor consistency, the surgical plane of the tumor from the facial nerve/ brainstem, and the level of internal
auditory canal (IAC) decompression. Intraoperative neuromonitoring was used for all surgeries. The amplitude required for a
positive response was recorded during the facial nerve’s direct electrical stimulation (DES). All patients were followed 6 and 12
months postoperative.
Results: The preoperative facial nerve function was normal in 91.2% of patients, and 8.8% had slight facial nerve impairment
(FNI). Considering preoperative hearing status, 9 cases (26.5%) had moderate hearing loss or impairment, while 25 patients (73.5%)
complained of severe hearing impairment. The mean intraoperative direct facial nerve stimulation threshold was 1.38 ± 0.89.
Hearing impairment was moderately severe in 7 (20.6%) and severe in 25 patients (73.5%) postoperation. In addition, postoperative
assessment revealed 13 (38.2%) cases with moderate FNI and 12 (35.2%) with moderately severe FNI. The tumor size did not affect the
postoperative hearing loss, and the postoperative hearing loss did not improve significantly (P = 0.32). There was no statistically
significant correlation between the intensity of intraoperative DES and postoperative facial nerve function (P > 0.05). No significant
correlation was observed between tumor consistency and postoperative hearing status (P > 0.05).
Conclusions: The retrosigmoid approach combined with IONM appears to be associated with favorable facial and cochlear nerve
outcomes in giant VS. The postoperative facial nerve function may improve, but sensorineural hearing status may not improve
significantly. Moreover, the intensity of intraoperative DES may not predict the postoperative facial function. Therefore, the findings
of IONM should be interpreted carefully.
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1. Background

Vestibular schwannoma (VS), acoustic neuroma, or
neurinoma accounts for 6 - 8% of all brain tumors and
represents one of the most challenging lesions in skull
base surgery (1). The course of VS is progressive with

sensorineural hearing loss (SNHL), progressive ataxia,
and lower cranial involvement causing dysphagia (2),
which may warrant surgical resection. The main surgical
challenge is the early detection of the facial nerve. The
course of the facial nerve is undetectable in giant VS (3)
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due to the severe compression, which makes facial and
cochlear nerves undifferentiated from arachnoid bands.
Facial nerve damage may result from manipulation,
traction, direct damage, or thermal injury (4). In this
regard, intraoperative visualization and neuromonitoring
have dramatically improved outcomes (4).

2. Objectives

Intraoperative neuromonitoring (IONM) provides
a functional map of cranial nerves and helps in the
early localization of facial nerves before being visualized
microscopically. Facial nerve damage would increase
the required stimulation amplitude threshold (mA).
Generally, a positive response is achieved in direct facial
nerve stimulation (DES) of the facial nerve at 0.5 - 1 mA. It is
assumed that increased thresholds may have a predictive
value for poor facial nerve outcomes. We aimed to evaluate
the role of IONM in predicting the outcome of facial and
cochlear nerves.

3. Methods

A single-center retrospective cohort of 34 adult
patients (25 females) with giant VS from 2016 to 2019
was performed. The inclusion criteria were adult
patients with giant VS (diameter > 4 cm). Patients with
neurofibromatosis type 2 or prior treatment (recurrent
cases) were excluded. All eligible patients completed
initial and subsequent imaging, audiometric function
testings, initial measurable hearing ipsilateral side, and
stability in audiometric function (pure-tone average,
speech discrimination score) in the opposite ear on
serial audiometric function testing. All surgeries were
performed by a senior neurosurgeon (corresponding
author). IONM was provided by the same team at
all operations applying the INOMED ® brain system.
Brainstem auditory evoked response (BAER) was also used
for all surgeries.

Demographic data, clinical presentation, physical
examination, preoperative multi-slice computerized
tomography (CT) scan, magnetic resonance imaging
(MRI), intraoperative surgical findings, IONM records,
and postoperative neurological examination were
assessed from the tumor registry forms and patient’s
medical records. The preoperative and postoperative
hearing were graded on a scale from A to D according
to a classification scheme published by the American
Academy of Otolaryngology-Head and Neck Surgery
(5) and Hannover Hearing Classification. Tumor
consistency and amplitude of the stimulation threshold

were determined intraoperatively (6). The patients
underwent general anesthesia and surgery at a
lateral position (Ojemann). Short-acting muscle
relaxant was only used during induction due to IONM.
Bilateral cranial nerves, motor-evoked potential, and
somatosensory-evoked potential were monitored
during surgery. Electromyography (EMG) monitoring
for orbicularis oculi and the orbicularis oris muscles
innervated by the facial nerve was also applied. DES of the
facial nerve was provided by monopolar and concentric
bipolar stimulators. Direct stimulation was started at the
amplitude of 0.1 mA and increased gradually to 2 mA. BAER
was used for cochlear nerve monitoring. The suboccipital
retrosigmoid approach was used for tumor resection in
all patients.

The correlations of intraoperative stimulation
threshold and tumor size were assessed with
postoperative facial nerve outcome and hearing
outcome, respectively. Analysis of variance was used
for correlation analysis. Cross tabulation was performed
for intraoperative facial nerve DES and perioperatively
changes in facial nerve function. The Chi-square and
Fischer’s exact tests were used for further categorical
analyses.

4. Results

4.1. Demographic Characteristics

A total of 34 patients were eventually included in the
study, 73.5% of whom were female (Table 1). The mean age
at diagnosis and tumor diameter were 44.03 ± 15.08 years
and 4.53± 0.615 cm, respectively. Regarding comorbidities,
2.9% of patients had hypertension, 8.8% high blood
pressure, 14.7% hyperlipidemia, and 5.9% ischemic heart
disease.

Table 1. Gender Distribution Among Study Participants

Frequency (%) Valid Percent

Male 9 (26.5) 26.5

Female 25 (73.5) 73.5

Total 34 (100.0) 100.0

4.2. Preoperative Parameters

Fifteen patients (44%) had right-sided lesions, and
19 (56%) had left-sided lesions. Furthermore, 9 (26.5%)
subjects had moderate hearing loss or impairment, while
25 (73.5%) complained of severe hearing impairment.
The location of the facial nerve was anterosuperior in
18 (52%), anterior in 9 (26%), inferior in 4 (11%), and
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posterior in 3 patients (9%). All locations were detected
using intraoperative direct stimulation during surgery.
Inferior and especially posterior locations were unusual
and needed experience. Concerning preoperative facial
nerve function, 31 (91.2%) patients had normal nerve
function, and 3 (8.8%) had slight FNI.

4.3. Intraoperative and Surgery-associated Parameters

Suboccipital retrosigmoid craniotomy was performed
in all patients. Moreover, canal drilling was placed in all
patients during surgery. Regarding tumor consistency,
31 (91.2%) were soft, and 3 (8.8%) had adhesive capsules.
The mean duration of surgery was 6.8 ± 2.0 hours, and
the mean intraoperative direct facial nerve stimulation
threshold was 1.38 ± 0.89.

4.4. Early Postoperative Outcomes

Postoperatively, hearing impairment was found to be
moderate in 2 (5.9%), moderately severe in 7 (20.6%), and
severe in 25 patients (73.5%). In addition, the postoperative
assessment revealed 3 (8.8%) patients with slight facial
nerve impairment, 13 (38.2%) with moderate FNI, 12 (35.2%)
with moderately severe FNI, and 5 (14.7%) with severe FNI.

No patient was returned to the operating room, and we
faced no postoperative significant hematoma requiring
surgery. However, pseudo-meningocele [i.e., cerebrospinal
fluid (CSF) collection) was encountered in three patients,
which was managed conservatively in two cases, and one
patient required V-P shunt insertion. No wound infection
or significant dehiscence was detected. Herpes zoster was
detected in one patient postoperatively and was managed
with Acyclovir without complications. Nimodipine was
used in 8 cases with significant manipulation of large
arteries, especially the posterior inferior cerebellar artery
at the margin of the tumor. These Schwannomas were
invasive (penetrating) lobulated subtypes.

4.5. Follow-up

Approximately 82% of the patients improved after 6
months of follow-up. Facial nerve function enhanced
from severe to moderately severe in 4 cases (80%), and
1 patient (20%) improved from severe to moderate facial
nerve function. However, less than 10% of the patients (6%)
had no changes in the facial nerve function. A one-year
follow-up revealed similar results.

4.6. Statistical Analysis

The facial nerve function of patients with giant
VS was measured before and after tumor resection to
help determine the possible outcomes for each patient.

Using the House-Brackmann Scale (HBS) (7), facial nerve
functions are classified in Table 2.

Out of 31 patients who presented with normal
preoperative facial function, 2 (6.5%), 12 (38.7%), 11 (35.5%),
5 (16.1%), and 1 (3.2%) cases developed slight, moderate,
moderate to severe, severe, and total FNI, respectively.
Therefore, 45% of patients had acceptable facial outcomes
as mild to moderate FNI. Considering stimulation
thresholds, patients with HB scale 2 had a mean of
1.67 ± 1.16 mA, HBS 3 had a mean of 1.31 ± 0.95, HBS 4 had a
mean of 1.33 ± 0.89, HBS 5 had a mean of 1.60 ± 0.90, and
HBS 6 had a mean of 1. There was no statistically significant
correlation between intraoperative stimulation threshold
and postoperative facial nerve outcome (P > 0.05).

Cross tabulation was performed for intraoperative
facial nerve DES and perioperative changes in facial nerve
function. The perioperative facial nerve function changes
were categorized as ’no change,’ ’moderate to severe
prognosis, and ’worse prognosis.’ Among the four patients
presented with normal facial nerve DES, none had a change
in prognosis, 2 (12.5%) developed a moderate to severe
prognosis, and 2 (12.5%) sustained a worse prognosis.

Furthermore, out of 18 patients presented with mild
intraoperative direct facial nerve stimulation threshold,
1 person had no change, 9 (56.3%) had a moderate to
severe prognosis, and 8 (47.1%) had a worse prognosis.
We observed that out of 7 patients who presented with
moderate intraoperative direct facial nerve stimulation
threshold, none had any change in prognosis, 2 (12.5%) had
a moderate to severe prognosis, and 5 (29.4%) developed
a worse prognosis. Out of 5 patients who presented
with severe intraoperative direct facial nerve stimulation
threshold, none had any change, 3 (18.8%) had moderate
to severe prognosis, and 2 (11.8%) developed a worse
prognosis. The hearing status of patients with different
tumor sizes undergoing VS resection did not improve;
therefore, tumor size does not affect postoperative hearing
loss.

4.7. Hearing Loss

Among 9 patients who preoperatively had moderate
hearing loss, 1 (11.1%) had no change, 2 (22.2%) had moderate
to severe, and 6 (66.7%) had severe postoperative hearing
loss. Similarly, out of 25 cases with severe hearing
loss preoperatively, 1 (11.1%) had no change, 5 (20%) had
moderate to severe, and 19 (76%) had severe postoperative
hearing loss. No significant difference was found in
hearing loss at preoperative and postoperative hearing
status using the chi-square analysis. Fischer’s exact
test showed a p-value of 0.34. All patients with giant
VS had poor outcomes in terms of hearing, and all
patients presented with severe SNHL. There was no change
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Table 2. House-Brackmann Facial Scale

Grading Description Measurement Function % Estimated Function % Postop Values (N)

I Normal 8/8 100 100 3

II Slight 7/8 76 - 99 80 2

III Moderate 5/8 - 6/8 51 – 75 60 12

IV Moderately severe 3/8 - 4/8 26 - 50 40 11

V Severe 1/8 - 2/8 1 - 25 20 5

VI Complete palsy 0/8 0 0 1

in the patient’s hearing status since the preoperative
and postoperative hearing status remained as severe
sensorineural loss.

4.8. Tumor Consistency and Postoperative Hearing Status

Among the patients who underwent surgery, 31
presented with soft tumor consistency and 3 with adhesive
capsule tumor consistency. Out of 31 cases with soft tumor
consistency, 7 (100%) had a better prognosis, 18 had no
changes, and 6 had an unfavorable prognosis. Among the
3 subjects with adhesive capsules, none had an improved
prognosis, 2 had no changes, and 1 had an unfavorable
prognosis. No significant correlation was found between
tumor consistency and postoperative hearing status
(P > 0.05). In addition, comparing preoperative and
postoperative hearing status with canal drilling during
the giant VS resections demonstrates no change in the
outcome. Canal drilling may not positively affect the
hearing status of giant VS cases.

5. Discussion

A retrospective cohort including 34 patients with giant
(Samii IV/IVb grade) VS is reported in the current paper.
About 45% of patients had acceptable facial outcomes
as mild to moderate FNI. The tumor size did not affect
postoperative hearing loss. There was no statistically
significant improvement in the postoperative hearing
status compared to preoperative values. The postoperative
facial nerve function may improve; however, the intensity
of intraoperative DES may not predict the postoperative
facial function.

Preservation of facial nerve function is a critical
consideration in VS surgeries since facial paresis is
associated with significant social implications. With
the growing technology in the surgery field, more
uncomplicated, consistent, and safe surgical methods
have emerged. However, methods that predict nerve
function after surgery have yet to be well developed. This
research assessed the facial and cochlear nerve outcomes

following a retrosigmoid suboccipital surgical resection
of a giant VS. In our investigation, the preoperative facial
nerve function was normal (HBS 1) in 31 (91.2%) patients
and slight (HBS 2) in 3 (8.8%) cases.

All patients were operated on with a retrosigmoid
approach at the lateral position (Ojemann), which is the
standard of surgery in such lesions by neurosurgeons.
Middle cranial fossa and trans-petrosal approaches are
more familiar to otolaryngologist surgeons and have
limited indications by neurosurgeons. Such approaches
are more indicated in patients with unserviceable hearing,
and limited access to the posterior fossa is provided. Most
of the cranial nerves in the posterior fossa (5th to 12th
cranial nerve) could be reached and preserved by the
retrosigmoid approach. Our results fall within the normal
range of previous studies mentioned above. Anatomically,
all facial nerves were preserved. Consequently, following
surgical tumor resection, VS patients seemed to have
improved facial nerve function in long-term follow-up.

The introduction of IONM, which can directly
stimulate the facial nerve, allows the surgeon to monitor
the nerve’s structural and functional integrity in real
time, allowing for early detection and the potential
to prevent an intraoperative injury. It is worth noting
that once the signals are abnormal, neuromonitoring
cannot predict the extent of recovery. Furthermore, the
introduction of IONM for facial nerve EMG is widely
practiced in microsurgery to aid in the identification
and dissection of the facial nerve (8). Using optimal
monitoring techniques and correctly interpreting
and troubleshooting intraoperative signal changes is
critical for maximizing neural preservation (9). As a
standard practice, IONM protects patients at risk during
surgery by continuously observing the central nervous
system (the brain, spinal cord, and nerves) (10). The EMG
monitors orbicularis oculi and the orbicularis oris muscles
innervated by the facial nerve at risk during surgery (11).
Although some studies have indicated the predictive
ability of IONM, including DES, somatosensory-evoked
potentials, and acoustic-evoked potentials, in the
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microsurgery of VS, none expanded their predictive
outcomes to the giant VS patients.

In a recent survey by Arlt et al. (12), the predictive
ability of IONM, including direct nerve stimulation,
somatosensory-evoked potentials, and acoustic-evoked
potentials, in the microsurgery of 79 VSs with a diameter
range of 10 - 57 mm was assessed. A significant correlation
was observed between the postoperative facial nerve
function and the amplitude of the corresponding DES in
the orbicularis oris muscle (P = 0.03). The HBS was not
found to be affected by the extent of tumor resection. The
authors declared that repeated direct nerve stimulation
and a detected decreased amplitude would predict the
facial nerve function deterioration. Similarly, in a recent
systematic review and meta-analysis, Quimby et al. (13)
sought to assess the predictive ability of any of DES
parameters on postoperative facial nerve function in
patients undergoing VS surgeries. The authors concluded
that minimum stimulation threshold values of 0.05
and 0.10 mA provided sensitive and specific values in a
long-term follow-up, respectively.

The tumor size has no relationship with postoperative
hearing status. All the subjects presented different
tumor sizes with a range of 4 - 6 cm. After surgical
resection, severe SNHL was seen in all patients. The natural
history of tumor growth is variable; whereas some lesions
demonstrate continuous development, others grow to a
specific size and stagnate or shrink. In a review of the
literature by Sughrue et al. (14), among 982 patients,
the mean initial tumor size was 11.3 mm, and the mean
growth rate was 1.2 mm/year. The authors found that
a growth rate greater than 2.5 mm/year better predicts
hearing loss than initial tumor size for patients with
VS less than 25 mm in the largest dimension. The
same findings were noted in a prospectively followed
group of 59 patients managed conservatively by the same
group. A similar conclusion from Hoa et al. (15) also
presented that 50% of patients may maintain hearing
during a 5-year observation period, and initial hearing
loss (even small degrees) may predict a greater chance
of loss of good hearing over time. Therefore, this may
indicate that tumor size has no direct effect on the
postoperative hearing status. Previous investigations
support the findings of the current study, suggesting that
patients with giant VS may have a poor outcome in terms of
hearing. The primary variable predicting hearing outcome
is preoperative hearing status.

All patients presented with severe SNHL both in
preoperative and postoperative hearing status. There
was no change in the patient’s hearing status because
the preoperative and postoperative hearing status
remained as severe sensorineural loss. Moreover, this

study found no significant difference in the preoperative
and postoperative hearing status of patients with giant VS.
In all cases, the preoperative and postoperative hearing
status remained severe SNHL, implying that preoperative
and postoperative procedures do not directly influence
hearing.

Conversely, Philips et al. suggested that serviceable
hearing was preserved in 57.5% of their study population
(16), warranting further studies to ascertain the impact
of surgical resection on sensorineural hearing in VS
patients. This study found no correlation between tumor
consistency and hearing loss in a similar trajectory
as SNHL. The same hearing status was noticed in soft
tumors and adhesive capsules, suggesting that operative
procedures do not affect the hearing status of patients
with severe SNHL. However, this study has enrolled
patients with small-sized VS and has included both
retrosigmoid and middle-fossa approaches.

The standard approach used by most neurosurgeons
for VS surgeries remains as retrosigmoid approach.
Drilling the posterior wall of the internal auditory meatus
(IAM) is vital for removing vestibular schwannoma.
During IAM drilling, 3 anatomical structures can be
accessed, including the posterior semicircular canal,
vestibular aqueduct, and jugular bulb (17). Any of these
can be injured during drilling, primarily if the jugular
bulb lies above the inferior edge of the IAM. This study
sought to determine whether canal drilling directly
affected hearing loss. There appears to be no change
in the hearing status of patients who presented to the
hospital and underwent the canal drilling procedure.
These results indicate that no possible complications
could be associated with canal drilling with a resultant
impact on hearing loss.

Contrary to this study, Hummel et al. (18) reported
that canal drilling affects postoperative hearing status
compared to preoperative hearing. Approximately
hearing status improved in 46% and 76% of their study
subjects preoperatively and postoperatively, respectively.
Further investigations are suggested to come to a common
platform.

The reported rates of CSF leakage following VS
surgeries range widely from 8.1 to 30% (19). The CSF leaks
increase the length of hospitalization, the rate of hospital
readmission, and potentially the rate of return to the
operating room. It is worth bearing in mind that the
segment of the facial nerve proximal to the geniculate
ganglion lacks epineurium and is supplied mainly by a
single artery, making it especially prone to surgical and
ischemic injury (20).
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5.1. Limitations and Recommendations

The current study had a relatively small sample size
limited to a single medical center, with a retrospective
nature, and may have some sources of bias. Moreover,
IONM carries several false positive and negative results.
Multicenter studies with longer considerable follow-up
time are warranted with a larger sample size to ensure
comprehensive applications of the findings in this study.
More investigations on DES parameters, such as acoustic-
and somatosensory-evoked potentials, may enable
the accurate prediction of both short- and long-term
postoperative facial function.

5.2. Conclusions

Administration of retrosigmoid approach coupled
with intraoperative neuromonitoring is associated with
facial and cochlear nerve preservation after the surgical
resection of a giant VS. Postoperative facial nerve function
is likely to improve; however, the sensorineural hearing
status may not improve after surgical tumor resection.
Moreover, the intensity of intraoperative direct facial
nerve stimulation may not predict the postoperative facial
function. Therefore, the findings of IONM should be
interpreted carefully.
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