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Abstract
Purpose of Review To review and summarize current updates in the epidemiology, natural history, and treatment strategies of
vestibular schwannoma (VS).
Recent Findings The incidence of VS has increased in recent decades, which may be due in part to improved detection but may
also be an actual biological shift. Based on our improving understanding of VS’s natural history, treatment strategy has shifted
toward primary observation. Based on several large studies, we can predict which VS are at the greatest risk of growth and which
patients are at risk of losing serviceable hearing. Measurement of tumor volume is a new tool that is more sensitive than linear
axial measurements, although the clinical implications are still under investigation.
Summary Advances in our understanding of VS’s natural history improve our ability to counsel patients on when to pursue
intervention and which modality is most appropriate on an individual basis.
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Introduction

Our understanding of the natural history of vestibular
schwannoma (VS) has undergone significant advancements
in recent years. In the past, vestibular schwannomas were
usually managed with microsurgery or radiosurgery.
However, because of the benign nature of a vestibular
schwannoma and the lack of growth seen in many tumors,
observation with serial MRI imaging has recently become
more common. We aim to review the natural history of

vestibular schwannomas and discuss when to actively manage
a vestibular schwannoma, either with microsurgical resection
or radiosurgery.

Current Epidemiology

The incidence of vestibular schwannoma has increased over
the past several decades [1, 2]. Using a database of all vestib-
ular schwannoma patients in Denmark beginning in 1976,
Retnitsky et al. showed an increase in the incidence of vestib-
ular schwannoma from three cases per million in 1976 to 34
cases per million in 2015 [3]. Multiple other studies from
around the world also show an increased incidence of vestib-
ular schwannoma over the past several decades [1, 4–7].

Whether or not this increased incidence of vestibular
schwannoma is due to a true increase or other factors is con-
troversial. The widespread use of MRI has resulted in the
diagnosis of more vestibular schwannomas that would have
otherwise been missed by other imaging modalities, such as
computed tomography. In addition, increased awareness of
vestibular schwannoma and more frequent evaluation of
asymmetric otologic complaints such as hearing loss and tin-
nitus contribute to increased detection. Tumor size at the time
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of diagnosis has significantly decreased over the past decades
[3, 8]. In Denmark, mean tumor size at time of diagnosis
decreased from 27.6 mm in the period between 1976 and
1978 to 7 mm in 2015 [3]. The same group showed age at
the time of diagnosis increased from a mean age of 49.2 years
in 1976 to a mean age of 60 in 2015 [3]. Younger patients
were found to have larger tumors at diagnosis than older pa-
tients, suggesting an increase in incidentally detected small
tumors. Taken together, this evidence suggests that improve-
ments in detection have contributed to the increasing inci-
dence of vestibular schwannoma [3].

On the other hand, some studies suggest the increase inci-
dence of vestibular schwannoma may be due to an underlying
true biological shift in addition to improved detection.
Marinelli et al. addressed this question by comparing the rate
of MRI and the diagnosis of asymptomatic vestibular
schwannoma in Olmsted County, Minnesota [2]. Although
MRI utilization stabilized after 2004, the incidence of inciden-
tally diagnosed vestibular schwannoma increased by 6.3% per
year through 2016 [2]. It is important to note this change
approached significance using a log-linear model with a p
value of 0.0568 [2]. The most likely cause of a true increased
incidence of vestibular schwannoma would be environmental
factors such as increased use of cell phones and other similar
technologies [2]. However, studies looking at causation of
radiofrequency and vestibular schwannoma are mixed and
inconclusive [9, 10]. More studies are needed to determine if
there is a true rise in the incidence of vestibular schwannomas.

Understanding the Natural History
of Vestibular Schwannoma

Themajority of vestibular schwannomasmay not enlarge after
initial diagnosis; however, the challenge is to identify which
tumors will enlarge over time and require treatment. Reznitsky
et al. followed 2312 patients who were being observed with a
vestibular schwannoma over a mean time of 7.7 years [3].
Over this time, 19% of patients entered the active treatment
group [3]. During the first 5 years of observation, tumor en-
largement was observed in 21% and 37% of intracanalicular
and extrameatal tumors, respectively. For tumors observed for
at least 10 years, tumor enlargement was observed in 25% and
42% of intracanalicular and extrameatal tumors, respectively
[3]. The authors concluded most tumors do not enlarge,
extrameatal tumors are more likely to enlarge, and tumors
rarely enlarge after 5 years of stability [3]. In contrast, Lees
et al. demonstrated a higher rate of tumor growth using both
linear and volumetric measurements [11]. In a cohort of 361
patients with a vestibular schwannoma followed over a medi-
an of 4.1 years, 48% of tumors grew at a mean of 1.1 years
when measured using maximum diameter, and 69% of tumors
grew at a mean of 1.8 years when measuring using volumetric

measurements. Forty-four percent of patients required treat-
ment [11]. Hunter et al. reported on 564 patients who were
being observed for a vestibular schwannoma with a mean
follow-up period of 22.9 months. During the observation pe-
riod, 40.8% tumors grew greater than 2 mm and 32.1% re-
quired treatment [12]. The differences in growth rates seen
between different institutions could be explained by a number
of reasons. The Reznitsky et al. study uses a database of vir-
tually all people in Denmark who were diagnosed with a ves-
tibular schwannoma since 1976. The studies by Lees and
Hunter are from a tertiary referral center, which may have a
referral bias and a different patient population compared to the
Denmark study.

Paldor et al. reported in a recent literature review the mean
growth rate for all vestibular schwannomas to be about 1 mm/
year and 3mm/year in tumors that have already been shown to
grow [13]. Most tumors will show growth within the first 3–5
years of observation; however, there are reports of tumors
going through a period of quiescence before initiating growth
over 5 years after diagnosis [3, 11]. Macielak et al., in a series
of 361 patients with a vestibular schwannoma that was being
observed, showed 8.1% of tumors started to grow after a 5-
year period of quiescence [14•]. The longest delay between
initial diagnosis and tumor growth was 11.1 years. Because of
the possibility of late growth, initially stable vestibular
schwannomas should be followed for a minimum of 10 years
and probably for a lifetime.

There are inconsistencies among reports about factors that
predict tumor growth. Tumor size at time of diagnosis is as-
sociated with a higher risk of tumor growth in some series and
not in others. Hunter et al. showed a 2.22-fold increase risk of
tumor growth for every centimeter increase size at presenta-
tion [12].

Other studies have supported that tumors may not demon-
strate growth for many years—in some cases up to 15 years
[15]. Additionally, there is evidence that tumors that previous-
ly grew may stop growing or even spontaneously decrease in
size [8, 16]. Recent efforts to characterize potential predictors
of growth have highlighted avenues for future areas of study.
Hunter et al. found that disequilibrium symptoms at diagnosis
increased risk of tumor growth [12]. Another large retrospec-
tive study found a correlation between metformin use and
reduced growth [17, 18]. A growing area of investigation is
the relationship between cyclooxygenase-2 (COX-2) receptor
expression and VS growth. A retrospective case series by
Kandathil et al. suggested aspirin intake correlates with re-
duced growth of VS, and the authors concluded this was me-
diated by COX-2 inhibition [19, 20]. On the other hand, an-
other large retrospective analysis evaluating the role of aspirin
dosage, NSAID use, and COX-2 selectivity in VS growth
found that none were significantly associated with VS growth
or VS diameter at presentation [21]. There were significant
differences in the two study designs that limit direct
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comparison, so the role of COX-2 remains controversial, al-
though there is currently a multi-institutional prospective
study ongoing to further investigate this relationship.

Volumetric Analysis–Challenging the Linear
Growth Model

Linear measurements in the axial plane is the most widely
used method in measuring acoustic neuroma and subsequent
tumor growth. The American Academy of Otolaryngology–
Head and Neck Surgery recommended a method of measuring
the axial tumor diameter along the axis of the petrous ridge,
excluding the internal auditory canal component [22]. There
are inherent limitations to extrapolations based on linear mea-
surements; however, access to software for measuring tumor
volumes remains limited. Volumetric analysis intuitively
gives a more accurate measurement of tumor size for both
diagnosis and trending growth during serial observation.
However, it was not until recently that a study by Lees et al.
directly compared the clinical implications of utilizing volu-
metric versus linear measurements [11]. They found that vol-
umetric measurements detected tumor growth earlier and were
overall more sensitive in detection with 85% of their cohort
demonstrating no linear growth at 10-year observation versus
only 68% by volumes [11]. The natural conundrum that fol-
lows the development of a dramatically more sensitive mea-
surement tool is how to interpret the new findings in the clin-
ical setting. Broadly, the literature utilizing volumetric analy-
sis has defined VS growth criteria as an increase of 20% in
tumor volume between serial scans [11, 17, 23]. However,
there is a paucity of data to guide the interpretation of a VS
that meets criteria for volumetric growth, especially when
considering a large number of VS will meet criteria for volu-
metric growth without meeting criteria for linear growth.
Furthermore, while the definition of linear growth is static,
the definition of volumetric growth is intrinsically variable
as it is a proportion of the index volume. Thus, a very large
tumor may threaten the brainstem before meeting growth
criteria by volume, whereas a very small tumor may meet
criteria based solely on variability of the quality and collima-
tion of scans.

Expanding Role of Observation

For the majority of patients who present with tumors less than
1.5 cm in maximum cerebellopontine angle dimension, most
providers recommend a conservative approach with observa-
tion [24]. Observation strategies are generally predicated on
the knowledge that the majority of VS that demonstrate
growth will do so within the first 5 years of detection. There
is less agreement about the appropriate strategy for tumors that

do not exhibit growth after 5 years of observation. Macielak
et al. described a cohort of 361 patients of whom 14 (3.9%)
demonstrated linear growth after 5 years of observation [14•].
Based on their findings, they recommended balancing cost-
effectiveness with risk mitigation by spacing out the surveil-
lance interval after 5 years but continuing lifelong surveil-
lance. However, once a patient meets criteria for growth either
by linear or volumetric measurement during a period of ob-
servation, there is still the need for patient-centered collabora-
tive decision-making in selecting the next course of action. As
previously discussed, in a cohort of patients with VS meeting
criteria for volumetric growth that elected for continued ob-
servation, over 40% demonstrated no continued growth after
five years of further observation [25••]. This has important
implications for counseling patients as there are a litany of
reasons a patient might elect for continued observation despite
tumor growth including personal preference, tumor in an only
hearing ear, poor operative candidate, etc. Studies have sug-
gested that hearing status, distance from hospital, and even
marital status are associated with significant differences in
selection of treatment versus observation [26].

Natural History of Hearing Loss
and Vestibular Schwannomas

The majority of VS patients present with some degree of
asymmetric sensorineural hearing loss. The recent literature
has focused on the management of patients with serviceable
hearing, defined as AAO-HNS class A or B hearing (pure tone
average (PTA) ≤ 50 dB HL and word recognition score
(WRS) ≥ 50%) [22]. Hunter et al. was the first to quantify
the risk of non-serviceable hearing based on presenting audio-
metric features in a large cohort of patients undergoing initial
observation [27•]. The natural history of hearing loss in their
cohort was similar to previously described large cohorts by
Stangerup et al. [28] and Sughrue et al. [29]. Specifically, at 1,
3, 5, 7, and 10 years following diagnosis, the rate of maintain-
ing serviceable hearing was 94%, 77%, 66%, 56%, and 44%,
respectively. PTA and WRS at presentation were indepen-
dently associated with development of non-serviceable hear-
ing: each 10-dB increase in PTA doubled risk and each 10%
decrease in WRS increased risk 1.5-fold. A novel investiga-
tion by Carlson et al. sought to add nuance to the interpretation
of audiometric trends and found that the rates of early PTA
and WRS decline during the initial period of observation are
significantly associated with time to development of non-
serviceable hearing [30]. The prognostic value of these hear-
ing outcomes after observation should theoretically be more
broadly generalizable than reports of hearing outcomes after
radiation or microsurgery due to variation in technique and
skill. Thus, these reports give us the ability to guide our
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patients through an informed decision-making process with
regard to elective observation.

One additional question with regard to the natural history
of hearing loss and vestibular schwannomas is the association
between tumor volume and hearing loss. Tumor volume was
found to be associated with increased PTA and decreased
WRS at the time of diagnosis (and by extension associated
with decreased time to loss of serviceable hearing); however,
there was no independent increase in risk after accounting for
the PTA and WRS at the time of diagnosis [23]. There was
notably no significant association between demonstration of
volumetric growth and loss of serviceable hearing during the
observation period.

Optimal Timing of Intervention

There are several guiding principles that carry general accep-
tance as reasons to offer an intervention to a patient with VS.
A commonly accepted adage is that a VS that has demonstrat-
ed growth will continue to grow and eventually confer risks
related tomass effect. However, as previously discussed, there
is both contentions surrounding the true risk of continued
observation after growth and even regarding how growth
should be defined. Along similar lines, tumors ≥ 2cm in di-
ameter or contacting the brainstem should be offered interven-
tion due to risk of mass effect. For tumors ≥ 3cm in diameter
microsurgery is favored to obviate the risk of mass effect due
to post-radiation edema. Another important indication for ac-
tive treatment is hearing preservation. In patients with service-
able hearing, durable hearing preservation after microsurgery
may be favorable to progressive hearing loss with radiosur-
gery or observation. For example, in a novel comparison of
hearing outcomes after retrosigmoid approach microsurgery
for a single neurosurgeon versus gamma knife radiosurgery,
the rate of hearing preservation after microsurgery was 71.4%,
whereas the hearing loss progression–free survival after gam-
ma knife was 80, 66.7, and 53.3% at 1, 3, and 5 years [31].
Rates of hearing preservation vary across practices due to
differences in surgical and radiation techniques. It is important
to thoroughly counsel patients on the risks and benefits of all
treatment strategies and take patient preference into
consideration.

Future Directions

Although significant progress has beenmade in recent years in
our efforts to update the evidence-based practice of VS man-
agement, there remain numerous avenues for future investiga-
tion. The utilization of volumetric analysis is in its early
stages; we have not yet reached a consensus on how to define
volumetric growth and what the appropriate clinical

applications of its measurement should be. As more patients
continue to elect for serial observation, there is an increasing
need for future studies aimed at identifying features that can
predict tumor growth and hearing outcomes. Finally, as a large
proportion of tumors are observed in the community setting,
there is a need to study the natural history of VS outside of the
tertiary referral center setting, which predominates the current
literature.

Conclusion

The natural history of vestibular schwannomas is highly var-
iable with some tumors demonstrating stability for many years
and others demonstrating rapid growth. Furthermore, tumors
that are stable for many years may still demonstrate delayed
growth, while other tumors that have grownmay stop growing
at a later time point. Therefore, the decision to intervene either
with microsurgery or radiosurgery should be tailored to each
patient, taking into account the tumor size, tumor growth,
hearing status, and perhaps most importantly, patient prefer-
ence. Further characterization of the natural history of vestib-
ular schwannomas will enhance the physician’s ability to ac-
curately counsel the patient.
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