Current Otorhinolaryngology Reports (2021) 9:139-154
https://doi.org/10.1007/540136-020-00326-2

OTOLOGY: VESTIBULAR SCHWANNOMAS (RA FRIEDMAN AND M SCHWARTZ, SECTION o.)
EDITORS)

Check for
Updates

Treatment of Small Vestibular Schwannomas
Kareem O. Tawfik ' - Usman A. Khan? - Rick A. Friedman?

Accepted: 22 December 2020 / Published online: 10 April 2021
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract

Purpose of Review Vestibular schwannomas (VS) are benign neoplasms that arise from the Schwann cells enveloping the
vestibular division of the eighth cranial nerve. These tumors typically exhibit indolent growth and commonly cause
audiovestibular dysfunction. If allowed to grow large enough, VS can cause brainstem compression and become fatal.
Treatment options include observation with serial imaging, radiotherapy, and microsurgical resection. This review will summa-
rize the literature regarding treatment outcomes for patients with small VS.

Recent Findings Advances in diagnostic imaging have allowed for earlier and more frequent detection of small VS. Management
of'small VS remains controversial and is influenced by physician preference. Recent studies have summarized outcomes in small
VS in conservative, radiosurgery, and microsurgery cohorts. Additional data on quality of life, volumetry, and morphometry
allow for more informed decision-making in the treatment of small VS.

Summary In this article, we review contemporary literature describing outcomes of each treatment modality, with emphasis on
tumor control, facial nerve function, hearing preservation, and quality of life.

Keywords Vestibular schwannoma - Acoustic neuroma - Facial nerve outcomes - Hearing preservation - Radiosurgery -

Observation - Quality of life

Introduction

Vestibular schwannomas (VS) are benign neoplasms arising
from the Schwann cells of the vestibular division of the
cochleovestibular nerve. The most common tumor of the internal
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auditory canal and cerebellopontine angle, VS is estimated to
occur with an incidence of 1.1-4.2 per 100,000 person-years
[1-5]. On average, VS tumors exhibit growth (in maximal tumor
diameter) at a rate of 1 mm/year [6]. Over the past 15-20 years,
tumor size at the time of diagnosis has decreased [1]; according
to a recent analysis of the Surveillance, Epidemiology, and End
Results (SEER) database, between 2004 and 2011, the percent-
age of tumors measuring 0—1 cm in maximal diameter increased
from 12.3 to 20.8% [1], mirroring a trend toward increasing use
of magnetic resonance imaging (MRI) and a concurrent rise in
diagnosis of incidental VS [6].

In spite of robust literature analyzing VS outcomes, the
management of small tumors remains controversial [7—11].
Numerous factors may influence treatment recommendations,
including patient age, general health, hearing quality, tumor
size, location (intrameatal vs. extrameatal), and patient prefer-
ence. Yet, many high-volume VS centers asymmetrically tend
toward either radiosurgery or microsurgery, suggesting that
institutional bias may be the strongest factor predicating man-
agement decisions.

In the present discussion, we review contemporary litera-
ture describing outcomes of treatment of small VS, with
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particular attention to tumor control, facial nerve and hearing
preservation, and quality of life. Definitions of small VS are
not uniform in the literature. In general, most authors consider
small VS to include intracanalicular tumors and tumors with
limited extension into the cerebellopontine angle (CPA).
Throughout this review, care is taken to describe size criteria
when discussing the relevant literature.

Observation for Small VS

There is little controversy regarding the value of intervention
for large VS causing symptomatic brainstem compression; if
allowed to progress, brainstem compression can ultimately
become fatal, and surgical resection is indicated as a life-
preserving measure. By contrast, the management of small
VS, particularly in patients with minimal symptomatology,
is contentious. There has been a recent trend toward conser-
vatism in the management of small tumors [1]. Presumably,
this shift reflects mounting evidence showing that a significant
proportion of small VS do not grow significantly over time.
There is also continuing debate regarding the role of hearing
preservation surgery for small and/or non-growing VS. These
issues and the relevant contemporary literature will be
discussed in the ensuing sections.

Observation: Tumor Growth

To date, the most robust epidemiologic data on the natural
history of VS have originated in Denmark, where a prospec-
tive national database of VS patients has been maintained
since 1976 [4, 12-16]. Literature on long-term outcomes of
observation presented here draws heavily on these studies. In
arecent paper examining long-term tumor growth and hearing
in a Danish population of patients with intracanalicular VS,
the investigators found that, at a mean length of follow-up of
9.5 years, tumor growth occurred in 37% (n = 58) of patients,
shrinkage occurred in 3% (n = 5), and stable tumor size oc-
curred in 60% (n = 93). (Tumor growth was defined as having
> 2-mm growth in any tumor diameter in 3 planes [coronal,
axial along the internal auditory canal, and perpendicular to
the axis of the internal auditory canal]). Twenty-three percent
(n=36) of patients developed growth to extrameatal extension
(i.e., progression of growth from the internal auditory canal
into the cerebellopontine angle) during the study period, and
15% of patients (n = 23) failed conservative treatment, with 22
patients being treated surgically and 1 patient treated with
radiotherapy [17].

Whereas in the aforementioned study only 23% of
intracanalicular tumors developed extrameatal extension over
nearly 10 years of follow-up, a previous report on the same
cohort showed that growth to extrameatal extension occurred
in 19% of patients after 4.6 years of observation [18], suggest-
ing that the vast majority of intracanalicular tumors that grow
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will do so within the first 5 years after diagnosis. However, a
separate study of 361 VS patients showed that, of 68 tumors
confined to the internal auditory canal at the time of diagnosis,
16.2% (n = 11) demonstrated delayed growth, defined as > 2-
mm enlargement in linear diameter first detected at least 5
years after initial MRI. Interestingly, for tumors within the
internal auditory canal, those that demonstrated early growth
had a higher median growth rate than those with delayed
growth (1.40 vs. 0.45 mm/year, p < 0.001) [19].

There is some evidence that delayed tumor growth may
occur less frequently in elderly VS patients compared to youn-
ger patients. In a retrospective study of 112 patients > 70 years
of age and mean follow-up of 82 months (range 60—144
months), 29% of VS displayed growth, but no tumors grew
after 42 months from the time of diagnosis. The authors there-
fore argued that, in these patients, initial MRI at 6 months after
diagnosis, followed by annual MRI for 3 years, is warranted to
monitor tumor growth; thereafter, for patients whose tumors
remain stable, consideration could be given to discontinuing
serial imaging [20].

Importantly, many large studies of tumor growth in untreat-
ed VS have used linear dimensions, not volumetric changes,
to define tumor enlargement. This methodology has been crit-
icized because serial linear measures of tumor diameter can
underestimate volumetric growth [21]. In a single-center ret-
rospective analysis of 3-dimensional volumetric growth in
patients with untreated VS, Lees et al. found that, in 232
patients with intracanalicular tumors, 69.8% (n = 162) dem-
onstrated volumetric growth at a median follow-up of 1.1
years, whereas only 45.3% (n = 105) demonstrated linear
growth [22¢]. Increasingly, many authors argue that serial vol-
umetric measurement of VS is superior to traditional linear
measurement in describing tumor growth over time.
Contemporary studies have shown considerable variation in
choice of measurement technique [23-26]. Future investiga-
tion is warranted to establish a consensus definition of volu-
metric growth and a consistent methodology for measuring
VS tumor volume.

Observation: Hearing Preservation

Over the past decade, numerous series have advanced our
understanding of the natural history of hearing in untreated
VS. Hearing results are commonly reported according to the
1995 American Academy of Otolaryngology — Head & Neck
Surgery (AAO) criteria [27] or the Gardner-Robertson scale
[28], both of which classify hearing quality according to pure
tone average (PTA) and word recognition score (WRS). Some
studies report hearing outcomes according to WRS class as
defined by Meyer et al. [29]. While there is controversy re-
garding what constitutes serviceable (or preserved) hearing,
generally speaking, favorable hearing is commonly defined
by a combination of PTA cutoff at 50 dB and WRS cutoff at
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50%, corresponding to AAO class A/B hearing, Gardner-
Robertson I/II, and WRS class I/II. In 2018, Hunter et al. per-
formed a retrospective evaluation of long-term hearing of 466
patients with untreated VS and serviceable hearing (PTA < 50
dB and WRS > 50%) at presentation. Kaplan-Meier rates of
maintaining serviceable hearing at 5 and 10 years after diagno-
sis were 66% and 44%, respectively [30]. The authors did not
report hearing outcomes according to tumor size but analyzed
tumor diameter as a risk factor for progression to
nonserviceable hearing. After accounting for demographic
and clinical variables, regression analysis showed tumor size
did not predict rapidity of progression to nonserviceable hear-
ing. These findings agree with those of a recent systematic
review of the Congress of Neurological Surgeons, in which
tumor size, age, and sex did not predict development of
nonserviceable hearing during observation [31]. By contrast, a
literature review by Sughrue et al. found that patients with
larger tumors were more likely to maintain hearing during ob-
servation [32]. It is possible that differences in outcomes are
attributable to differences in statistical modeling, as the publi-
cation by Sughrue et al. failed to control for follow-up time.

Although multiple studies have evaluated hearing preser-
vation in observed small or intracanalicular VS [29, 33, 34],
very few have reported long-term (> 10-year) hearing out-
comes. In addition to examining tumor growth, the aforemen-
tioned report by Kirchmann et al. evaluated long-term hearing
results in a population of 156 patients with intracanalicular
VS. Seventy-three patients had AAO class A/B hearing
(PTA < 50 dB and WRS > 50%) at the time of diagnosis.
Among them, only 34% (n = 25) had serviceable hearing
(AAO class A/B) at 10-year follow-up. Of 99 patients who
had a word recognition score (WRS) > 50% at the time of
diagnosis, 58% (n = 57) maintained serviceable hearing (i.e.,
> 50% WRS) at 10-year follow-up [17]. Patients with normal
speech discrimination (100% WRS) also fared significantly
better than patients who presented with mild loss of speech
discrimination (WRS 70-98%). The mean rate of WRS loss
was 1.86%/year for patients with normal WRS at diagnosis
and 6.19%/year for patients who presented with mild loss of
speech discrimination [17], and rate of WRS loss appeared to
be independent of tumor size. In a larger study of 491 Danish
VS patients with WRS 70% at the time of diagnosis, long-
term hearing preservation (after 10 years of observation) was
significantly higher among those with 100% speech discrim-
ination at the time of diagnosis compared to those with only a
small loss of speech discrimination at the time of diagnosis
(69% vs. 38%, respectively) [14].

The relationship between tumor growth and progression to
nonserviceable hearing has been investigated, but findings are
inconsistent. In a retrospective study of 213 patients with VS
and serviceable hearing, Patel et al. found no significant asso-
ciation between volumetric tumor growth at progression to
nonserviceable hearing [35]. Similarly, a prospective

longitudinal study of 72 conservatively managed VS found
that deterioration of pure tone thresholds and speech discrim-
ination occurred independently of tumor growth rates [36],
and several other studies have reported similar findings
[37-39]. By contrast, a small retrospective study of 31 ob-
served VS showed that tumor growth rate correlated with rate
of decline in hearing (decline in PTA in dB/year) [40].

For the population of VS patients with small tumors, the
relationship of tumor growth and hearing loss is similarly
unclear. In perhaps the most illuminating study to date, Patel
et al. found that larger tumor volume at diagnosis was associ-
ated with worse hearing by PTA (p < 0.001) and decreased
speech discrimination (p = 0.014). However, tumor volume at
diagnosis was not associated with progression to
nonserviceable hearing after controlling for PTA and WRS
[35]. Similarly, Sakamoto et al. found no correlation between
rapidity of hearing decline and tumor size [40]. By contrast, in
2016, van Linge published a retrospective series in which
tumor growth was associated with more accelerated hearing
loss in intracanalicular tumors compared to tumors extending
to the CPA [41]. In an investigation of 49 patients with non-
growing VS, however, Graamans et al. found no significant
differences in rapidity of hearing loss between patients with
small (3—10 mm) or medium (11-20 mm) tumors. There was
also no significant difference in rates of hearing loss between
intracanalicular and extrameatal tumors [38]. Among these
series, there are methodological differences relating to mea-
surement of tumor size and growth, and studies are generally
small. Larger, prospective series are warranted to illuminate
the relationship between tumor size, growth, and progression
of hearing loss in VS patients.

Radiosurgery for Small VS

Radiation has proven a safe option for achieving tumor control
in small VS, with high rates of tumor control within 5-10
years of treatment. While nonsurgical, radiation is not without
risk. Contrary to resection, radiation cannot eliminate the pres-
ence of the tumor; rather, radiotherapeutic success is generally
defined by cessation of tumor growth. Continued VS growth
is a risk of radiotherapy, as are dizziness, hearing loss, trigem-
inal neuropathy, and hydrocephalus. Table 1 summarizes a
large collection of reported outcomes related to radiotherapy
for VS. Benefits of radiation therapy for treatment of small
tumors include its low risk of facial nerve morbidity, which
may be as low as < 1% in patients with tumor volume < 1.5
cm® [67], as well as low rates of other cranial nerve deficits
[68] and high rates of tumor control with minimal downtime.
Disadvantages include the need for long-term serial imaging
post-treatment, as well as the risk of regrowth, and the un-
availability of long-term outcomes beyond 10 years after
treatment.
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Radiosurgery: Tumor Control

In recent years, a number of series have shed light on tumor
control after radiosurgical treatment of small VS. In a 2017
single-center retrospective analysis of long-term tumor control
in 49 patients with intracanalicular VS, all subjects underwent
single session linear accelerator (LINAC) or Cyberknife-based
stereotactic radiosurgery with a mean marginal dose of 12.6 +
0.6 Gy (range, 11.0-14.0 Gy). Mean follow-up was 65 months,
and 100% of patients required no further treatment [69]. Several
series have reported long-term tumor control outcomes after
Gamma Knife radiosurgery (GKRS) for intracanalicular VS,
with 97-100% of patients requiring no further treatment after
primary GKRS (see Table 1) [70-74]. As tumor size increases,
however, radiosurgical tumor control declines [75].

To date, there is insubstantial literature describing tumor
control outcomes of treatment of small/intracanalicular VS in
the long term (> 10 years after treatment). Furthermore, some
authors have taken issue with reported tumor control outcomes
in the radiosurgical literature. Many authors define
radiosurgical tumor control as requiring no further treatment,
not as an absence of further tumor growth. This definition is
problematic because long-term series have shown that the ma-
jority of untreated small or intracanalicular tumors do not grow
[14, 17, 18]. Battaglia et al. performed a retrospective review of
111 conservatively managed VS patients and compared their
average tumor growth rate to a meta-analysis of reported tumor
control outcomes after radiosurgery. In their series, the mean
growth rate of untreated tumors was 0.7 mm/year, and 87% of
tumors grew < 2 mm/year. Defining tumor control as growth <
2 mm/year, the authors found no significant difference in tumor
control between untreated and radiosurgically managed VS
[76]. Reflecting the fact that observation, compared to
radiosurgical treatment, is not harmful for stable, small VS
tumors, in 2018 the Congress of Neurological Surgeons pub-
lished evidence-based guidelines on the role of radiosurgery
and radiation therapy for VS, recommending observation over
treatment for patients with non-growing small VS (< 2 cm) and
no tinnitus [31]. The exception for patients with tinnitus was
based on a small number of studies suggesting that tinnitus at
presentation may have implications for management. In a sur-
vey of the Acoustic Neuroma Association, Van Gompel et al.
found that tinnitus worsened over time in the cohort of survey
recipients whose tumors were observed (7 = 289) compared to
those whose tumors were treated by surgery or radiosurgery (n
= 1138) [77]. In addition, a retrospective study of 180 untreated
VS tumors found that tinnitus at presentation increased the odds
of tumor growth nearly threefold [78]. It should be noted, how-
ever, that some evidence suggests radiosurgery may have no
benefit to tinnitus. In a large study of 379 patients who
underwent GKRS and had median long-term follow-up of
69.5 months, there was no significant symptom improvement
in patients who presented with tinnitus [79].

@ Springer

Radiosurgery: Hearing Preservation

Numerous prospective and retrospective series have reported
hearing preservation outcomes after primary radiotherapy for
VS (Table 1). In general, patients with VS and good hearing
who undergo radiosurgery have good hearing in the near term
after treatment but tend to demonstrate accelerated hearing
loss over time. Animal models and temporal bone specimens
from postirradiated patients have suggested that the stria
vascularis, outer hair cells, and spiral ganglion cells may be
most susceptible to injury from ionizing radiation [80, 81].
Proposed mechanisms for injury include direct damage to co-
chlear primary sensory cells and injury to auditory nerve fi-
bers, and ischemic injury of the cochlea [82].

Long-term hearing preservation outcomes (> 10 years) in
patients treated with radiosurgery are not commonly reported.
In a 2013 report of 44 VS patients with serviceable hearing at
the time of radiosurgery, 36 developed nonserviceable hearing
at a mean of 4.2 years following treatment, and Kaplan-Meier
estimated rates of serviceable hearing at 1, 3, 5, 7, and 10 years
following radiosurgery were 80%, 55%, 48%, 38%, and 23%,
respectively [83]. Similarly, a systematic review of 47 papers
with 4689 patients, 47% of whom had serviceable hearing,
found that rates of post-radiosurgical hearing preservation
were 73% at < 2 years, 48% at 5-10 years, and 23% at > 10
years of follow-up [84]. In a separate systematic review by the
Congress of Neurological Surgeons, the overall probability of
maintaining serviceable hearing following stereotactic radio-
surgery at 10 years was determined to be > 25-50% [31].

In the same systematic review, the authors evaluated liter-
ature reporting patient- and tumor-related factors influencing
progression to nonserviceable hearing after stereotactic radio-
surgery using < 13 Gy at the tumor margin and found the most
consistent positive predictors of hearing preservation include
good pre-treatment pure tone thresholds and good preopera-
tive speech discrimination, as well as smaller tumor size, mar-
ginal tumor dose < 12 Gy, and cochlear dose <4 Gy. Notably,
age and sex were not found to be strong predictors of hearing
preservation outcome [31]. Notably, many of these positive
risk factors for hearing preservation after radiosurgery are also
favorable predictors for untreated or surgically resected VS.
While several reports have suggested that higher cochlear
dose is an unfavorable risk factor for hearing [85-88], one
report found that cochlear dose was not significantly associat-
ed with time to nonserviceable hearing after accounting for
baseline differences in a multivariate model [89].

Microsurgery for Small VS

Although recent literature suggests a trend toward conserva-
tism in the management of patients with VS, particularly those
with small tumors [1], microsurgical resection remains an ef-
ficacious option. Microsurgery is the only treatment option
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that provides the opportunity for tumor removal. As previous-
ly discussed, many authors define radiosurgical success by the
absence of reintervention, thereby allowing for continued tu-
mor growth after radiosurgery to be classified as a favorable
outcome. While microsurgical resection could be viewed as
the most aggressive option for treatment of small VS, there is
substantial evidence to support its safety and efficacy.

Microsurgical resection of VS can be accomplished via
three classical routes: the translabyrinthine, middle cranial
fossa, or retrosigmoid approaches. In the translabyrinthine ap-
proach, the VS is accessed by a transmastoid route. A
labyrinthectomy is performed to achieve a wide exposure of
the entire length of the internal auditory canal (IAC); because
ablation of the vestibular apparatus renders the ear deaf, the
translabyrinthine approach is a hearing-sacrificing operation.
In the middle cranial fossa and retrosigmoid approaches, the
IAC and CPA can be accessed without entrance into the mem-
branous labyrinth, offering the opportunity to preserve resid-
ual hearing. Any of the three principal approaches may be
appropriate for resection of small VS. In general, advantages
of the translabyrinthine exposure include minimal cerebellar
and temporal lobe retraction and early identification of the
facial nerve. Disadvantages include the need to sacrifice hear-
ing. The middle cranial fossa approach provides good expo-
sure of the length of the IAC while affording the chance to
preserve residual hearing. However, this approach necessi-
tates temporal lobe retraction and provides a limited view of
the CPA. Conversely, the retrosigmoid approach provides a
more limited view of the lateral third of the IAC, particularly
when preservation of hearing is a principal goal of surgery.
Bony drilling through the posterior semicircular canal and
vestibule permits more generous retrosigmoid exposure of
the fundus of the IAC but is highly likely to render the ear
deaf. Yet, the retrosigmoid approach affords a generous view
of the medial portion of the IAC and CPA.

Microsurgery: Tumor Control and Morbidity

In general, tumor control rates after microsurgical resection
are excellent, especially when gross total tumor resection is
achieved. Table 2 includes a list of publications examining
various surgical outcomes. Series reporting tumor control out-
comes after resection of small tumors consistently demon-
strate that absence of disease recurrence is achievable in >
95% of cases at long-term follow-up, with excellent facial
nerve preservation and low rates of surgical complications
[45, 50, 52-54, 57, 65]. Among studies reporting tumor con-
trol at > 5 years of follow-up, results consistently show > 95%
rates of tumor control, defined either as radiographic absence
of disease or no need for additional treatment [45, 54, 65].

A recent large series by Schwartz et al. reported outcomes
of 107 patients who underwent translabyrinthine resection for
small (< 1 cm of extension into the CPA) VS. In that report,

gross total resection was achieved in 97% of patients, and
short-term (1-year) tumor control, defined as the absence of
radiographic disease and need for additional treatment, was
achieved in 100% of patients. By more stringent criteria (gross
total resection, absent radiographic disease, and no additional
treatment), the tumor control rate was 95.6% [110]. House-
Brackmann (HB) [111] 1 grade facial nerve function was
achieved in 97.2% of cases, and good (HB 1-2) function
was achieved in 99.1% of cases. Postoperative cerebrospinal
fluid (CSF) leak occurred in 4.6% (n = 5). Four of five patients
with CSF leaks manifested with CSF rhinorrhea and were
managed with blind sac closure of the external auditory canal
and Eustachian tube obliteration. One patient presented with
CSF drainage from the postauricular wound and was managed
with oversewing the site of leakage and placement of a lumbar
drain. No patient developed meningitis [110]. In general, these
favorable outcomes are recapitulated across the literature, with
the exception that some have reported lower CSF leak rates in
the range of 0-2% [112, 113].

While serious surgical complications such as meningitis,
stroke, seizures, or death are uncommon, the risks of these
devastating events should not be minimized or discounted.
Due to the infrequency of these events, predisposing risk fac-
tors for major postoperative complications are poorly studied.
Patients considering surgical VS removal should be counseled
about the possibility of these events. In the authors’ opinion,
microsurgical resection nevertheless remains appropriate for
patients desiring complete tumor removal. The presence of
serviceable hearing complicates surgical decision-making, as
even surgical approaches that afford the opportunity to con-
serve hearing still place audition at risk. Yet, patients with
small VS and serviceable hearing should be counseled on
the option of surgical removal and the potential for hearing
preservation, and clinicians should provide honest estimates
of the estimated chances of surgical preservation and loss, as
well as other risks.

Microsurgery: Hearing Preservation

Numerous studies have reported hearing preservation results
after either middle fossa or retrosigmoid VS resection.
Hearing preservation rates after resection of small tumors vary
widely between studies (15-81%) [53, 54, 57, 59+, 114].
Some of the variability in outcomes may be attributable to
heterogeneity in tumor size and quality of preoperative hear-
ing between study populations. Small tumor size, good pre-
operative hearing (as measured by PTA and WRS), and a
fundal CSF fluid cap have been shown to be consistent favor-
able predictors of postsurgical hearing preservation [31]. A
recent publication by the Congress of Neurological Surgeons
included a systematic review of hearing preservation out-
comes in VS patients and evidence-based guidelines suggest-
ing that patients with small- and medium-sized tumors be
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Table 2 (continued)

Follow-up

Hydrocephalus Hearing

New trigeminal

nerve

New facial nerve
dysfunction

Tumor control

Dose

Tumor size

n

Reference

strategy

dysfunction

4% 3% 50% retained SH

0%paresis, 3% HFS

97 12-14Gy 97% no surgery
34

Régis et al. (2002) [105]
Regis et al. (2010) [106]

Mean: 46 months

77% (3 years), 70 (4 years),

97%

12Gy

Mean:1.125cm’>

and 64 (5 years)

86% (19/22)

Median: 109 months

3%

21% transient, 3%

14% transient paresis,

90% no growth

14Gy

<

190 Median: 3.6 cm®

Sun et al. (2012) [107]

permanent

10%

1% permanent

1%

Median: 48 months

70%

93% no additional

12Gy

Tamura et al. (2009) [108]

treatment
95% no additional

Mean: 60 months

58%

1% 1%

1%

12.1Gy

154 Mean: 0.73cm’

Yomo et al. (2012) [109]

treatment

counseled that the probability of maintaining serviceable hear-
ing is moderately low (> 25-50%) immediately after surgery,
moderately low (> 25-50%) at 2 years, moderately low (> 25—
50%) at 5 years, and moderately low (> 25-50%) at 10 years
[31]. These guidelines should be interpreted with caution,
however. Hearing preservation surgery is technically chal-
lenging, and it is possible that differences in surgical
experience—in addition to the aforementioned factors—
account for much of the heterogeneity in published hearing
preservation results. Numerous series have reported rates of
early postoperative hearing preservation that far exceed the
figures published by the Congress of Neurological Surgeons.
In reviewing a series of 89 patients, Ginzkey et al. found that
74% of patients with preoperative AAO class A/B hearing
maintained class A/B hearing after middle fossa resection of
their tumors [44]. Several other series have also reported hear-
ing preservation rates > 70% after middle fossa or
retrosigmoid resection [42, 49, 54, 65, 115¢¢] and a common
theme across these series is that favorable hearing outcomes
are most consistently achieved in patients with good preoper-
ative hearing and small tumors. These features, in addition to
the presence of a fundal fluid cap, are the most consistent
positive predictors of hearing preservation after VS resection
[31].

There is controversy regarding the durability of hearing
preservation after both radiosurgery and microsurgery.
Delayed hearing loss has been reported to occur in 11-30%
of patients after surgical VS resection [48, 116-119]. Very
few studies have examined hearing outcomes > 10 years after
surgery. Perhaps the best study is the 2018 publication by
Ahmed et al., in which audiometric results were evaluated
for patients up to > 12 years after surgery. Contrary to many
other series, the authors also corrected for decline in contra-
lateral hearing (in an attempt to control for age-related hearing
decline). Durability of hearing preservation was high up to 3—
5 years (67% preservation of AAO class A/B hearing, 91%
preservation of WRS class I or II) after surgery but declined
thereafter. Speech discrimination was significantly less prone
to decline than pure tone thresholds. At 9-11 years, AAO
class A/B hearing was preserved in 68% of patients, whereas
WRS class I or II was preserved in 88% [115¢¢]. (Rates of
preservation declined at follow-up > 12 years, but due to loss
of follow-up, only 11 patients were analyzed in this group.)

In another recent publication, Roche et al. reported audio-
metric outcomes in 13 patients who had hearing preservation
after middle fossa resection of small VS and mean follow-up
of 14 years. In this small series, the rates of change in PTA and
WRS were not statistically different between operated and
non-operated ears (within subjects), and the authors concluded
that preserved hearing is maintained in the majority of patients
> 10 years after surgery [120].

It should be noted that one of the barriers to obtaining and
interpreting long-term hearing preservation data is the
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possibility of selection bias and loss to follow-up. It is con-
ceivable that patients who elect to continue presenting for
audiometric testing > 10 years after surgery have hearing out-
comes that differ substantially from patients who are lost to
audiometric follow-up. Bearing these problems in mind, con-
temporary literature does suggest that preserved hearing after
surgical resection tends to endure over the long term.

Quality of Life in Patients with Small VS

Over the past decade, robust literature has emerged describing
quality of life outcomes in patients with small VS. A 2018
report retrospectively compared quality of life between treat-
ment modalities (microsurgery, radiotherapy, and observa-
tion) in 168 patients with small VS (intracanalicular or
extrameatal without brainstem contact) at a mean of 66
months between management and questionnaire completion.
Quality of life was measured using four questionnaires: the
Short-Form Health Survey 36 (SF-36), Hearing Handicap
Inventory, Tinnitus Handicap Inventory, and Dizziness
Handicap Inventory Short-Form. The authors found no differ-
ence in quality of life measures between treatment groups on
any of the four administered questionnaires [121].
Importantly, vertigo appeared to be the principal cause of
deterioration in quality of life in the management of small
VS, which is consistent with other reports [122, 123], but its
prevalence did not differ between groups before or after treat-
ment [121].

In 2015, Carlson et al. published an international
multicenter study comparing long-term quality of life
between VS patients who underwent microsurgery, ste-
reotactic radiosurgery, and observation, comparing out-
comes to a group of nontumor controls. All VS patients
had small- or medium-sized tumors (i.e., less than 3 cm
in maximal diameter), and a total of 642 respondents
were analyzed with a mean time interval of 7.7 years
between treatment and survey completion. Surveys in-
cluded the SF-36, the 10-item Patient-Reported
Outcomes Measurement Information System short form
(PROMIS-10), the Glasgow Benefit Inventory (GBI),
and the Penn Acoustic Neuroma Quality-of-Life
(PANQOL) scale. While patients who underwent radio-
surgery or observation reported better total PANQOL
scores and more favorable PANQOL facial, balance,
and pain subdomain scores than the microsurgical co-
hort (p < 0.02), for the majority of survey instruments,
differences in scores between the nontumor control
group and patients with VS were greater than differ-
ences between individual treatment groups. The authors
concluded that differences in long-term quality of life
outcomes after microsurgery, radiosurgery, and micro-
surgery for VS are small, and in fact, it is the diagnosis

@ Springer

of VS, rather than the treatment strategy, that most sig-
nificantly influences quality of life [1].

Soulier published a similar study comparing PANQOL
scores in 807 VS patients treated with observation, radiother-
apy, or microsurgery at a tertiary referral center in the
Netherlands. (The PANQOL is a 26-item questionnaire with
seven subdomains—hearing, balance, anxiety, energy, pain,
face, and general health—and represents the only disease-
specific quality of life instrument for VS.) Four hundred nine-
ty (60.7%) of patients had tumors 0—10 mm in size. Among
these, 72.4% (n = 355) were observed, 9.6% (n = 47)
underwent radiation, and 18.0% (n = 88) underwent microsur-
gery. Patients with small tumors who were managed by ob-
servation reported higher PANQOL (i.e., better quality of life)
scores compared to those treated with radiotherapy and micro-
surgery. This was true for various subdomains, including
hearing, where observation was more favorable than radio-
therapy; balance, where observation was better than radiother-
apy and microsurgery; face, where observation and radiother-
apy were better than microsurgery; and energy, where obser-
vation was better than radiotherapy and microsurgery [124].
The negative correlation between self-reported symptoms and
quality of life was largest for balance problems and vertigo.

Importantly, statistically significant differences between
VS treatment groups may not necessarily bear clinical signif-
icance. In an attempt to account for this problem, Carlson et al.
described the minimal clinically important difference
(MCID)—that is, the smallest difference in quality of life
scores that patients perceive as important and that could lead
to a change in management—for the PANQOL and SF-36
Physical and Mental Health Component Summary Scores,
two instruments commonly used in studies of quality of life
in VS. The median MCID for total PANQOL score was found
to be 11 points, and the MCIDs were 7 points and 8 points for
the SF-36 Mental Health and Physical Health Component
Summary scores [125]. These findings have important impli-
cations for interpreting VS-related quality of life literature. For
example, if an 11-point MCID in total PANQOL score were
used to interpret the aforementioned study by Soulier et al.,
then the reported statistical differences between observation,
radiotherapy, and microsurgically treated patients with small
VS would not be considered clinically significant [124].
Similarly, a host of other studies report long-term differences
in SF-36 Mental Health and Physical Component Summary
scores and PANQOL scores between treatment groups, but
the reported differences generally do not exceed the respective
MCIDs determined by Carlson et al. [7, 8, 10, 11, 126].

Microsurgery vs. Radiosurgery for Small VS: Vestibular
Outcomes

There are several shortcomings in the literature describing
vestibular outcomes of treatment for VS, including the
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heterogeneity of methods and outcome measures between
studies and the essential difficulty of quantifying pre- and
post-treatment vestibular dysfunction. Several studies have
attempted to compare long-term balance outcomes between
treatment modalities for patients with small- and medium-
sized tumors, with inconsistent results. In a retrospective study
comparing outcomes of microsurgery versus radiosurgery for
treatment of small tumors with no hearing, microsurgery
yielded superior long-term balance outcomes as measured
by the University of California Los Angeles Dizziness
Questionnaire [127]. By contrast, a prospective comparison
of outcomes of microsurgery and radiosurgery for manage-
ment of small- and medium-sized tumors showed that
radiosurgical patients had lower mean Dizziness Handicap
Inventory scores compared to patients who underwent resec-
tion [11]. In a recent meta-analysis of 34 references reporting
long-term balance outcomes after microsurgery or radiothera-
py for VS, perceived dizziness improvement rate was higher
in microsurgical than radiosurgical patients (odds ratio 1.61, p
< 0.05), but no differences were detected in validated dizzi-
ness questionnaire scores or dizziness/disequilibrium inci-
dence rates [128].

Theoretically, it is possible that patients with partic-
ularly disabling vestibular symptoms, such as intractable
vertigo, may stand to benefit most from microsurgery
because it affords the opportunity to section the ipsilat-
eral vestibular nerve at the time of tumor resection.
Corroborating this supposition, in a small retrospective
series of VS patients who underwent microsurgical re-
section for treatment of intracanalicular tumors and had
disabling preoperative vestibular symptoms, complete or
near-complete resolution of vertigo was accomplished in
all patients at 1 year after surgery [129].

Conclusions

Optimal management of small VS is controversial, and
treatment selection depends on many factors, including
but not limited to individual or institutional bias, surgi-
cal experience, pre-treatment hearing quality, tumor
growth characteristics, and patient preference.
Radiosurgical and microsurgical tumor control rates are
excellent. While long-term outcomes are uncommonly
reported, emerging literature suggests that surgical hear-
ing preservation tends to endure. In general, quality of
life measures do not significantly differ between treat-
ment modalities. Based on the available evidence, treat-
ment of small VS should be determined on a case-by-
case basis, and the value of intervention (whether radio-
therapy and surgical resection) is contingent on one’s
ability to achieve tumor control and hearing preserva-
tion with minimal morbidity.
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