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Abstract
Management options for newly diagnosed vestibular schwannoma (VS) include observation, surgery, or radiation. There are no
randomized trials to guide management of patients with VS. This article is a short review of the role of stereotactic radiosurgery in
management of newly diagnosed VS.
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Introduction

Vestibular schwannomas (VS) are slow-growing, benign tu-
mors of the cerebellopontine angle that develop from the ves-
tibular portion of the eighth cranial nerve. The most common
presenting symptom is unilateral hearing loss. Patients may
also experience vertigo, tinnitus, disequilibrium, headache,
trigeminal, or facial nerve-related symptoms. In the absence
of pathologic tissue, the diagnosis of VS is made radiograph-
ically using contrast-enhanced magnetic resonance imaging
(MRI). Most VS have an intracanalicular component with
widening of the porus acusticus [22]. Extracanalicular exten-
sion occurs as these tumors enlarge. VS are not staged but can
be graded on the Koos grading scale. In the early twentieth
century, surgical resection was the mainstay of treatment for
newly diagnosed VS. However, in the current era of higher-
qualityMRI, VS are diagnosed earlier and potentially at a time

when patients still have useful or normal hearing. This
prompted a search for less invasive management strategies.
In 1969, stereotactic radiosurgery (SRS) was described by
Leksell and Noren as a potential alternative to surgical man-
agement [17]. Today, management options for newly diag-
nosed VS include observation, surgery, or radiation. The aim
of this article is to provide a concise review of the role of SRS
in management of newly diagnosed VS.

Materials and methods

We searched relevant papers within the PUBMED database.
All searches used the following keywords: vestibular
schwannoma, acoustic neuroma, stereotactic radiosurgery,
and management. A secondary search was performed using
the bibliographies of the articles from the primary search.
Only full-length, original communications were accepted.
The search was limited to human subjects and English lan-
guage publications. Articles were reviewed by title and ab-
stract for potential relevance to this topic. The article itself
was reviewed if the title and/or abstract did not clearly indicate
degree of relevance.

Results

Our search found 352 papers. After selection, cross-reference
checking, and review for clinical relevance, 36 studies met the
inclusion criteria for this review. There were 4 prospective
studies that analyzed adverse effects and quality of life after
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observation, SRS, or surgery [1, 3, 6, 27]. The remainder were
retrospective studies evaluating dose, local control rates, and
toxicity with SRS. Three studies evaluated fractionated SRS
outcomes [10, 21, 35]. Other studies included for clinical rel-
evance described growth patterns [12, 30] and radiographic
features of VS for diagnosis [22]. There were three sys-
tematic literature reviews [24, 33, 36]. There were no
randomized trials.

Discussion

Indications for intervention

Large tumors causing brainstem compression or symptoms of
mass effect require intervention. Surgery is recommended for
VS with significant mass effect if possible. Surgical interven-
tion includes a range of approaches and varying degrees of
resection depending on tumor and patient factors as well as
surgical expertise [2, 9, 13, 14]. The management of small- to
medium-sized VS (< 3 cm) remains controversial despite the
significant volume of literature analyzing outcomes.
Treatment options include observation with serial imaging,
surgery, or radiotherapy [16]. In one series of patients man-
aged with observation, the average growth rate of untreated
VS was 0.7 ± 1.4 mm per year [12]. Another study reported a
mean volumetric growth rate of 33.5% per year. Factors asso-
ciated with greater likelihood of tumor growth included larger
tumor size and presence of tinnitus at diagnosis. Tumor
growth was reported as the most important factor for change
in management from observation to intervention in one study
[3]. Overall, the goal of observation to defer potential compli-
cations of treatment must be weighed against the potential for
complication inherent to the natural progression of these tu-
mors. Consideration of patient age and comorbidities may
assist inmaking appropriate treatment decisions in this setting.

Treatment with SRS

The role of SRS in the treatment of VS depends on patient
preference and surgical candidacy as well as the experience of
the treating institution. Provider bias remains a strong factor
dictating treatment decision-making. Typically, targets up to
3.0 cm in maximal diameter are considered appropriate for
management with SRS [24]. The International Stereotactic
Radiosurgery Society (ISRS) practice guideline considers ob-
servation and SRS reasonable treatment options for newly
diagnosed small VS without significant mass effect, such as
Koos grade I tumors [33]. A prospective cohort study by
Breivik et al. looked at the course of VS following treatment
with SRS compared with conservative management. After
5 years, there was a significant reduction in tumor volume in
the SRS group and a lower incidence rate of future treatment

in the SRS group compared with the observation group.
Treatment with SRS did not significantly impact rates
of hearing loss, symptoms, or quality of life compared
with observation [1]. For growing small to moderate
size VS without significant mass effect (Koos grades I–III
tumors), the ISRS practice guideline considers SRS a reason-
able treatment option [33].

SRS dose and tumor control

The ISRS practice guideline for VS recommends a dose of
11–14 Gy to the tumor margin for single-fraction SRS. Series
of patients treated with marginal doses of 12–14 Gy reported
5-year control rates ranging from 90 to 99% [4, 5, 15, 19, 23,
26, 32]. It has been reported that a prescription dose of
12.5 Gy to the tumor margin provides an ideal balance of high
tumor control with minimal complication [24, 29]. Institutions
have seen success with a treatment dose of 11.5 Gy to the 50%
isodose line [14]. Klijn S et al. reported a 5-year tumor control
rate of 91.3% with similar complication rates to other contem-
porary series after treatment of 420 patients with gamma knife
stereotactic radiosurgery (GKRS) with a median marginal
dose of 11 Gy [14]. There is interest in fractionated SRS for
tumor dose escalation and potential sparing of auditory and
facial nerve functions [34]. Examples of dose fractionations
reported in the literature include 4–5 Gy × 5, 3–4 Gy × 10, and
6 Gy × 3 daily. Five-year tumor control rates for fractionated
SRS range from 96 to 100% [10, 21, 35]. No studies included
in this review reported a difference in 5-year tumor control
rates between single-fraction SRS and fractionated SRS.

Toxicity

Toxicity associated with SRS has decreased over the last
40 years in line with a trend towards dose de-escalation [7,
18]. In patients treated with a single-fraction marginal dose of
12–14 Gy, 5-year hearing preservation rates range from 41 to
79% [5, 8, 21, 24, 28]. There are many parameters that can
influence the probability of functional hearing preservation
after SRS, making evaluation of treatment effect alone diffi-
cult. Prognostic factors for hearing preservation after treat-
ment include pretreatment limited hearing loss that is
Gardner-Robertson class I and intracanalicular tumor location
[12, 29]. Multiple studies have demonstrated a higher chance
of hearing preservation when the dose to the cochlea is lower
than 4 Gy. Yang et al. performed a systematic literature review
of the results of hearing preservation after GKRS that included
45 articles and 4234 patients. Their analysis revealed that pa-
tients treated with less than 13 Gy were significantly more
likely to have preserved hearing than patients who received
larger doses of radiation [36]. Dose rate may impact functional
outcomes, and a recent study reported significantly improved
freedom from progressive symptomatic hearing loss and facial
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nerve dysfunction following SRS treatment with dose rates
below 2.675 Gy/min [31].

The risk of facial or trigeminal nerve dysfunction after SRS
is low [25]. In a study using MRI-based dose planning and a
dose of 13 Gy to the tumor margin, the risk of new facial
weakness was less than 1% and the risk of trigeminal sensory
loss was 3.1% at 5 years. None of the patients who underwent
SRS for intracanalicular tumors developed facial or trigeminal
neuropathies at 5 years [20]. The Mayo Clinic prospectively
compared surgery with SRS in patients with VS less than 3 cm
and found that SRS had better facial nerve and hearing pres-
ervation than surgery, with similar tumor control [27]. In pa-
tients with large tumors that cannot be managed with radio-
surgery alone, a facial-nerve sparing resection followed by
SRS for significant regrowth is an option that can provide
excellent facial nerve preservation rates [11].

Fractionated SRS is sometimes recommended for larger
tumors (> 3–4 cm) and to spare normal structures like
brainstem and cochlea if close in proximity. Series included
in this review did not report statistically significant differences
between single-fraction SRS and fractionated SRS in terms of
hearing preservation. Trigeminal and facial nerve preservation
rates reported for fractionated SRS were similar to those re-
ported for single-fraction SRS [21, 35].

Conclusion

There are no randomized trials to guide management of pa-
tients with VS. SRS is an effective treatment option for small-
to medium-sized VS without significant mass effect. Surgery
and SRS have similar local control rates in appropriately se-
lected patients and in some instances, SRS provides better
functional outcomes. Fractionated SRS offers a theoretical
radiobiological advantage compared with single-fraction
SRS and may allow for improved sparing of normal
structures. However, at this time, evidence for differ-
ences in toxicity outcome between fractionated and
single-fraction SRS is limited.
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