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Introduction

Vestibular schwannomas are benign intracranial neoplasms
of the eighth cranial nerve that present with hearing loss,

tinnitus, and ataxia. Management options include observa-
tion, surgical resection, and radiosurgery or radiotherapy.
Radiosurgery and fractionated or unfractionated radiothera-
py are generally reserved for tumors < 3 cm due to the risk of
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Abstract Objectives Postoperative hearing preservation rates for patients with large vestibular
schwannomas range from 0 to 43%. The clinical and radiographic factors predicting
hearing preservation in smaller vestibular schwannomas are well described; however,
their importance in larger tumors is unclear. We investigated factors predicting hearing
preservation in large vestibular schwannomas.
Design Retrospective review.
Setting Quaternary care academic center.
Participants A total of 85 patients with unilateral vestibular schwannomas > 3 cm
underwent retrosigmoid resections.
Main Outcomes Measures Preoperative and postoperative serviceable hearing rates.
Methods Clinical and radiographic data including preoperative and postoperative
audiograms, preoperative symptoms, magnetic resonance imaging features, and
postoperative facial weakness were analyzed.
Results Hearing was preserved in 41% of patients (17 of 42) with preoperative
serviceable hearing. Hypertension and diabetes increased the likelihood of preoperative
hearing loss. Preoperative tinnitus predicted a lower likelihood of hearing preservation.
No radiographic factors predicted hearing preservation; however, larger tumor size,
smaller fourth ventricular width, and the presence of a cerebrospinal fluid cleft
surrounding the tumor predicted postoperative facial weakness.
Conclusion Systemic comorbidities may influence hearing loss preoperatively in
patients with large vestibular schwannomas. The absence of tinnitus may reflect
hearing reserve and propensity for hearing preservation. Preoperative radiographic
features did not predict hearing preservation despite some associations with postoper-
ative facial weakness.
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radiation edema with increasing tumor size. Although ad-
vancements in microsurgical techniques and intraoperative
neurophysiologic monitoring have dramatically improved
outcomes following surgical resection,1 hearing preservation
rates for tumors > 3 cm reported in the literature are rela-
tively low ranging from 0% to 43%.2–13

A variety of studies have investigated the clinical and
radiographic factors predicting hearing preservation in ves-
tibular schwannoma surgery for tumors < 3 cm. The impact
of these factors on surgery for large vestibular schwannomas
remains unclear. We retrospectively reviewed our series of
large vestibular schwannomas to investigate the effect of
patient factors, preoperative hearing, radiographic param-
eters, and surgical factors on the rates of hearing preservation
following vestibular schwannoma surgery. Patients with
severe preoperative hearing loss were included to investigate
factors that predict preoperative hearing loss in large vestib-
ular schwannomas.

Methods

Patients who underwent resection of a vestibular schwan-
noma using a hearing-preserving approach (retrosigmoid
craniotomy) between January 1, 2002, and December 1,
2013, at the Vancouver General Hospital institution were
identified. Inclusion criteria were (1) unilateral tumors, (2)
maximal extrameatal diameter > 3 cm, (3) preoperative
magnetic resonance imaging (MRI) available, and (4) docu-
mented preoperative and postoperative audiograms in pa-
tients with serviceable hearing on the tumor side. Patients
were excluded if they had bilateral tumors and neurofibro-
matosis type II or if they had undergone previous surgery or
radiation therapy. This study was approved by the local
institutional research ethics board.

In all cases, surgery was performed by a team consisting of
the same neurosurgeon (R.A.) and neuro-otologist (B.D.W.).
Intraoperative electrophysiologic monitoring was performed
by a neurophysiologist (C.D.). Details on the surgical tech-
nique are described elsewhere.9 Brainstem auditory evoked
responses were monitored if patients had meaningful wave-
forms on the day of surgery.

The primary outcome was postoperative hearing status
based on the American Academyof Otolaryngology-Head and
Neck Surgery Foundation. Serviceable hearing was defined as
a speech discrimination score (SDS) �50% or a pure tone
average (PTA) < 50 dB. Patients were categorized into pre-
operative serviceable versus nonserviceable hearing. Those
with preoperative serviceable hearing were categorized into
postoperative hearing preserved versus lost. Secondary out-
comes were House-Brackmann grading of immediate facial
nerve function in the postoperative period (day 1 or 2) and
delayed grading at 6 weeks to 6 months of follow-up. Facial
weakness was defined as House-Brackmann grade �3.

The clinical factors investigatedwere patient demographics
(age andgender), comorbidities (diabetes, hypertension, active
smoking, and alcohol consumption), and clinical presentation
(hearing loss, tinnitus, ataxia, facialweakness, facial numbness,
facial pain, and hydrocephalus). The radiographic factors

investigated were maximal extrameatal tumor diameter (an-
teroposterior, transverse, and vertical), extrameatal tumor
volume (ABC/2 equation),14 intrameatal length and width,
percentage of internal auditory canal (IAC) filling according
to Mohr et al,5 the presence of a tumor cyst, tumor heteroge-
neity on T1 with gadolinium imaging, the presence of a
cerebrospinal fluid (CSF) cleft around 50% of the tumor or
within the IAC on fast imaging employing steady-state acqui-
sition sequences, narrowest width of the ipsilateral middle
cerebellar peduncle (MCP), narrowest width of the
fourth ventricle, brainstem edema and cerebellar edema on
T2 or fluid-attenuated inversion recovery images, and
hydrocephalus.

Statistical Analysis

All data were analyzed with SPSS v.19.0 (IBM, Inc.., Armonk,
New York, United States). Categorical predictors were gender,
diabetes, hypertension, smoking, alcohol consumption, hear-
ing loss, ataxia, facial weakness, facial numbness, facial pain,
hydrocephalus, cystic or solid, tumor heterogeneity, CSF cleft
in IAC, CSF cleft surrounding tumor, brainstem edema, cere-
bellar edema, and hydrocephalus. Categorical variables were
analyzed with the Pearson chi-square statistic. Continuous
variables were age, maximal extrameatal diameter, intramea-
tal length and width, MCP width, and fourth ventricle width.
Continuous variableswere analyzedwith univariate analysis of
variance. The p values < 0.05 were considered significant.

Results

Eighty-five patientsmet inclusion criteria andwere reviewed.
The mean age was 48.9 years; 43 patients (50.6%) were male.
Mean maximal tumor diameter was 36.3 mm; mean extra-
meatal volume was 18.7 cm3. ►Table 1 illustrates demo-
graphic characteristics and quantitative tumor parameters.

Hearing Outcomes
Forty-two of 85 patients had serviceable hearing preopera-
tively (50.5%). Following surgery, hearing was preserved in 17
of 42 patients (41.5%). ►Table 2 illustrates the preoperative
and postoperative SDS and PTA in patients with hearing
preservation and loss.

Older age was associated with worse preoperative hearing
(F ¼ 16.288; p < 0.001). Preoperative hearing was significant-
ly lower in patients with hypertension and diabetes (hyper-
tension: chi-square ¼ 6.664, p ¼ 0.010; diabetes: chi-
square ¼ 4.950, p ¼ 0.026) (►Table 3). Radiographically, larg-
er length and width of the tumor in the IAC were associated
with worse preoperative hearing (length: F ¼ 10.849,
p < 0.001; width: F ¼ 11.590, p < 0.001) as was a higher
percentage of IAC filling (F ¼ 5.354, p ¼ 0.023). The presence
of a CSF cleft in the IAC was associated with improved
preoperative hearing (chi-square ¼ 7.749, p ¼ 0.005).

The absence of tinnitus preoperativelywas associatedwith
a higher likelihood of preserved hearing postoperatively
(►Fig. 1; chi-square ¼ 3.939, p ¼ 0.047). Preoperative head-
aches were associated with a lower likelihood of
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postoperative hearing preservation (chi-square ¼ 8.912,
p ¼ 0.003). The proportion of patients with gross total re-
sectionswas not significantly different betweenpatientswith
preserved versus lost hearing (gross total hearing lost: 83.9%;
hearing preserved: 70.6%; near-total hearing lost: 16.1%;
hearing preserved: 17.6%; subtotal: hearing lost: 0%, hearing
preserved: 11.8%, p > 0.05). No radiographic factors were
predictive of hearing preservation.

Facial Nerve Function
Overall, 65 of 84 patients (77.4%) had preserved facial nerve
function in the early postoperative period (House-Brack-
mann 1–2). An additional eight patients recovered facial
nerve function by 6-week follow-up for a total facial nerve
preservation rate of 85.9% (73 of 84 patients). Active smoking

Table 3 Clinical and radiographic factors associated with preoperative hearing

Preoperative hearing present Preoperative hearing absent

Clinical factors

Age, y, mean (SD) 43.8 (10.9)a 53.6 (11.4)

Gender, N (% male) 19 (46.3) 24 (54.5)

Hypertension, N (%) 5 (12.2)a 16 (36.4)

Diabetes mellitus, N (%) 0 (0)a 5 (11.4)

Active smoker, N (%) 2 (4.9) 3 (6.8)

Frequent alcohol consumption, N (%) 13 (31.7) 10 (22.7)

Radiographic factors

Maximum extrameatal tumor diameter, mean, mm (SD) 36.0 (5.2) 36.5 (6.1)

Extrameatal tumor volume, cm3 (SD) 17.2 (7.9) 20.0 (10.9)

Intrameatal length, mm (SD) 7.9 (3.4)a 10.7 (4.3)

Intrameatal width, mm (SD) 7.4 (2.2)a 9.4 (3.2)

Percentage of IAC filling, % (SD) 65.0 (27.5)a 78.6 (26.0)

Tumor cyst present, N (%) 27 (67.5) 25 (56.8)

Tumor heterogeneity, N (%) 28 (71.8) 29 (65.9)

CSF cleft within IAC, N (%) 32 (80.0)a 19 (50.0)

CSF cleft surrounding tumor, N (%) 15 (40.5) 15 (42.9)

Narrowest width of ipsilateral MCP, mm (SD) 7.2 (2.9) 7.2 (2.3)

Narrowest width of fourth ventricle, mm (SD) 8.7 (3.3) 9.6 (4.0)

Brainstem edema present, N (%) 5 (12.2) 5 (11.9)

Cerebellar edema present, N (%) 18 (43.9) 17 (40.5)

Hydrocephalus present, N (%) 3 (7.3) 9 (20.9)

Abbreviations: CSF, cerebrospinal fluid; IAC, internal auditory canal; MCP, middle cerebellar peduncle; SD, standard deviation.
ap < 0.05.

Table 1 Demographic characteristics and quantitative tumor
parameters

Mean (SD) Range

Age, y 48.9 (12.2) 24–75

Maximum tumor dimension, mm 36.3 (5.7) 30–58

Extrameatal volume, cm3 18.7 (9.6) 6.7–52.2

IAC length, mm 9.4 (4.2) 1.9–25.5

IAC width, mm 8.5 (3.1) 2.0–18.8

Percentage filling
of IAC, %

71.5 (27.3) 13–100

Abbreviations: IAC, internal auditory canal; SD, standard deviation.

Table 2 Preoperative and postoperative audiometry in patients with postoperative hearing preservation and hearing loss

Preoperative Postoperative

Hearing lost Hearing preserved Hearing lost Hearing preserved

SDS % (mean, SD) 83 (15) 84 (24) NA 88 (14)

PTA dB (mean, SD) 32.9 (16.2) 28.7 (12.5) 69.8 (12.0) 40.1 (15.6)

Abbreviations: NA, not applicable; PTA, pure tone average; SD, standard deviation; SDS, speech discrimination score.
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was associated with a higher rate of immediate postoperative
facial weakness (F ¼ 4.244, p ¼ 0.039) but this effect was not
sustained in delayed follow-up (p > 0.05) (►Table 4). Radio-
graphic features associatedwith worse immediate facial nerve
function were larger maximal tumor diameter (F ¼ 7.855,
p ¼ 0.006), larger extrameatal volume (F ¼ 7.345, p ¼
0.008), smaller fourth ventricle width (F ¼ 4.539, p ¼ 0.036),
and the presence of a CSF cleft surrounding the tumor (chi-
square ¼ 4.872, p ¼ 0.027). The presence of a CSF cleft sur-
rounding the tumor also predicted worse delayed facial nerve
function (chi-square ¼ 7.021, p ¼ 0.008).

Discussion

Vestibular schwannomas are benign tumors that can be
managed with observation, radiation, or surgery. Larger
vestibular schwannomas are only amenable to surgical resec-
tion. The goal of surgery is to achieve a maximal resection
while preserving neurologic structures, mainly facial nerve
function and hearing if possible. With modern-day microsur-
gical techniques and intraoperative monitoring, facial func-
tion preservation has improved dramatically for larger
tumors.1 In contrast, hearing preservation rates in large

Fig. 1 Percentage of patients with postoperative hearing preservation
versus hearing loss in the presence and absence of preoperative
tinnitus.

Table 4 Clinical and radiographic factors associated with immediate postoperative facial nerve function

House-Brackmann 1–2 House-Brackmann 3–6

Clinical factors

Age, mean (SD) 48.8 (11.5) 49.6 (11.7)

Gender, N, (% male) 34 (52.3) 9 (47.4)

Hypertension, N (%) 48 (73.8) 15 (78.9)

Diabetes mellitus, N (%) 3 (4.6) 2 (10.5)

Active smoker, N (%) 2 (3.1)a 3 (15.8)

Frequent alcohol consumption, N (%) 20 (30.8) 3 (15.8)

Radiographic factors

Maximum extrameatal tumor diameter, mean, mm (SD) 35.3 (4.9)a 39.2 (6.9)

Extrameatal tumor volume, cm3 (SD) 17.0 (7.7)a 23.3 (12.6)

Intrameatal length, mm (SD) 9.3 (3.9) 9.4 (5.2)

Intrameatal width, mm (SD) 8.4 (3.0) 8.3 (2.7)

Percentage of IAC filling, % (SD) 72.6 (26.9) 69.1 (29.8)

Tumor cyst present, N (%) 22 (34.4) 10 (52.6)

Tumor heterogeneity, N (%) 45 (70.3) 12 (66.7)

CSF cleft within IAC, N (%) 41 (67.2) 10 (58.8)

CSF cleft surrounding tumor, N (%) 20 (35.1)a 10 (66.7)

Narrowest width of ipsilateral MCP, mm (SD) 7.5 (2.5) 6.4 (2.8)

Narrowest width of 4th ventricle, mm (SD) 9.7 (3.8)a 7.7 (2.7)

Brainstem edema present, N (%) 7 (11.1) 2 (10.5)

Cerebellar edema present, N (%) 25 (39.7) 9 (47.4)

Hydrocephalus present, N (%) 6 (9.4) 5 (26.3)

Abbreviations: CSF, cerebrospinal fluid; IAC, internal auditory canal; MCP, middle cerebellar peduncle; SD, standard deviation.
ap < 0.05.
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tumors remain relatively low.2–13 In this study we investigat-
ed the clinical and radiographic factors that affect hearing
preservation rates in large vestibular schwannomas. We
report an overall hearing preservation rate of 41.5% in
patients with vestibular schwannomas > 3 cm who had
serviceable hearing preoperatively.

Preoperative hearing was affected by age in addition to
comorbid hypertension and diabetes. Radiographically, larger
tumor size within the IAC increased the likelihood of preop-
erative deafness, a finding noted in several other stud-
ies.5,15–17 To our knowledge, this is the first study to report
the impact of hypertension and diabetes on preoperative
hearing. Diabetes is a leading cause of peripheral neuropathy,
and hypertension increases the risk of developing peripheral
neuropathy.18 This finding may be relevant for counseling
patients who are being observed with asymptomatic or
minimally symptomatic small tumors. The presence of diabe-
tes or hypertension appears to increase the chances of
developing preoperative hearing loss; patients with vestibu-
lar schwannomaswho are being observedwith serial imaging
should be counseled on the apparent impact of these comor-
bidities on their hearing.

A variety of studies have investigated factors predicting
hearing preservation in vestibular schwannoma surgery for
tumors < 3 cm. These factors can be categorized as patient
factors, preoperative hearing, radiographic parameters, and
surgical factors. Relevant patient factors include the presence
of neurofibromatosis or bilateral tumors. Patients with
neurofibromatosis have a higher incidence of cochlear and
facial nerve schwannomas that may limit the ability to
preserve hearing.3,19 Patients with bilateral tumors are less
likely to have preserved hearing postoperatively.20 Of the
radiographic factors, the most robust variable is tumor size;
larger tumors have lower rates of hearing preservation.16 The
degree of IAC has been shown to predict postoperative
hearing preservation.5,17,21 Comparison of the intralabyrin-
thinefluid intensity signal on T1 spin-echo and gradient-echo
MRI is a prognostic factors.17,22 Lastly, length of tumor
contact with the vestibulocochlear nerve has been shown
to predict postoperative hearing preservation.23

Several groups have reported on tumor factors that influ-
ence hearing preservation. Themost widely accepted factor is
the surgical approach; a systematic review concluded the
middle fossa approach is best for hearing preservation in
small tumors, and the retrosigmoid approach is best for facial
nerve preservation.24 Hearing is sacrificed in the translabyr-
inthine approach. Preoperative facial and trigeminal nerve
dysfunction has been associated with lower rates of hearing
preservation.25 The presence of adhesions between the tumor
and the vestibulocochlear nerve is a negative prognostic
factor.26,27 In addition, tumors originating from the superior
vestibular nerve have higher rates of postoperative hearing
preservation compared with tumors originating from the
inferior vestibular nerve.2,28,29

The only factors predicting hearing preservation in large
tumors identified in this study were the presence of preoper-
ative tinnitus and headaches. Tinnitus is the subjective expe-
rience of ringing in the ear or head. Baguley et al30

investigated the clinical characteristics of tinnitus in patients
with vestibular schwannoma and proposed the likely mecha-
nism is brainstem compression. Tinnitus was associated with
contralateral auditory brainstem response abnormalities that
were independent of tumor size. Another proposed mecha-
nism for tinnitus is deafferentation of cochlear inner hair
cells.31 Tinnitus may be a useful clinical marker of brainstem
compression, cochlear nerve damage, and hearing reserve.
Patients with tinnitus have a lower chance of hearing preser-
vation using a retrosigmoid approach for large vestibular
schwannomas.

Postoperative facial weakness was predicted by larger
extrameatal tumor size and dimensions and by a smaller
width of the fourth ventricle, consistent with findings from
previous studies.32,33 Postoperative facial nerve function
depends on extracanalicular tumor size and dimensions,
whereas auditory nerve function appears to be affected by
intracanalicular size and dimensions. Interestingly, smoking
was associated with early postoperative facial weakness;
however, this effect was not sustained in follow-up. It none-
theless highlights the importance of vascular risk factors and
comorbidities in nerve recovery following surgery.

Anatomical or radiologic factors did not appear to be as
significant for hearing preservation as can be demonstrated
in facial nerve preservation. This is likely because the total
number of patients with intact hearing preoperatively is still
relatively small in this series, whereas the whole cohort is
available for facial function evaluation. Previous studies have
shown that an estimate of the length of tumor contact with
the cochlear nerve and a larger proportion of tumor anterior
to the IAC predicted hearing preservation.9,23 We were
unable to replicate these findings potentially because of the
small numbers in the series.

An important limitation of this study is the retrospective
nature of the data reviewed. Despite all the attempts to obtain
a complete data set, some dataweremissing. Nonetheless, the
study investigated a large group of patients with larger
tumors. The patients investigated in this study had audio-
grams performed in many different audiology centers that
used variable stimulus intensities for determining the speech
discrimination score. Previous studies of hearing preserva-
tion in vestibular schwannomas using variable methodolo-
gies for defining hearing function complicates comparison
with other studies. We used a clinically pragmatic method for
determining hearing function by defining hearing as service-
able or nonserviceable based on the American Academy of
Otolaryngology-Head and Neck Surgery Foundation.

Conclusion

Hearing preservation in larger vestibular schwannomas is
possible and worthwhile attempting. Systemic comorbidities
may influence hearing loss preoperatively in patients with
large vestibular schwannomas. Tinnitus may be an indicator
of hearing reserve and potential for hearing preservation. The
total number of patients available for attempted hearing
preservation in larger tumors is relatively small, and those
who are able to enjoy preserved hearing postoperatively are
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few even in a moderate-volume institution. This poses a
challenge in making generalizable comments about the pop-
ulation of patients with large tumors that have intact preop-
erative hearing. In this study, preoperative radiographic
features were not found to predict hearing preservation
despite some features being associated with postoperative
facial weakness.
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