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ABSTRACT

Management options for patients with vestibular schwannoma include observation  and active treatment, namely surgical resection,
gamma knife stereotactic radiosurgery or fractionated radiation therapy. Although for large tumors microsurgery remains the mainstay of
treatment, management of the small- and medium-sized vestibular schwannomas has been the matter of considerable controversy.
Computerized clinical decision support systems have been developed to assist clinicians in this demanding task. Nonetheless, the
complexity of the problem requires adaptation of the decision strategy to specific circumstances arising within a particular clinical
scenario which can not always be modeled with adequate precision or addressed adequately within a mathematical framework. We
present a set of clinical, neurophysiologic and radiologic parameters and the respective evidence which may guide carers’ decisions.
These parameters include the size, growth rate and localization of the tumor, the age, general medical condition, facial nerve function,
hearing and hearing deterioration rate, balance, vestibular and trigeminal nerve function of the affected individual, the estimated risk of
malignant transformation and radiation-induced tumors, the health-related quality of life measures, the patient’s and surgeon’s preference
and the issue of cost-effectiveness. A complex decision analysis, guided by evidence and tailored to each individual patient is required.

Keywords: Decision, Evidence, Management, Observation, Radiation, Surgery, Schwannoma, Vestibular.

INTRODUCTION
Management options for patients with vestibular
schwannoma include observation (also referred to as conser-
vative management) and the so-called “active” treatment,
which includes the modalities of surgical resection, gamma
knife stereotactic radiosurgery (GK-SRS) and fractionated
radiation therapy (FRT).

Although, for large tumors microsurgery remains the
mainstay of treatment, management of the small- and medium-
sized vestibular schwannomas has been the matter of
considerable controversy. Computerized clinical decision
support systems have already been developed to assist
clinicians in this demanding task. Nonetheless, there is little
doubt about the fact that the complexity of the problem
requires adaptation of the decision strategy to specific
circumstances arising within a particular clinical scenario,
which cannot always be modeled with adequate precision or
addressed adequately within a mathematical framework.
However, a set of general qualitative rules may guide carers’
decisions. To shed more light into the anatomy of this
cognitive decision process, one may try to dissect the separate
factors affecting the final management decisions and
decisions should be guided by existing evidence on these
factors.

SIZE AND GROWTH RATE OF THE TUMOR
Tumor size is measured by magnetic resonance imaging
(MRI). For ease of communication of findings between

clinicians and researchers, it is generally advisable to report
MRI results according to the guidelines advanced by the
Committee on Hearing and Equilibrium of the American
Academy of Otolaryngology Head and Neck Surgery Inc.
(1995)42 or the guidelines elaborated by the Tokyo
consensus meeting.1 In the latter case, estimation of the size
of extrameatal tumors involves measuring the largest
extrameatal diameter on axial MR images; intrameatal
tumors are measured parallel to the internal auditory canal
(IAC). According to the American Academy guidelines,
only the extrameatal (extracanalicular) portion of the tumor
should be measured and two linear measurements should
be made on the axial MRI image showing the largest tumor
size; the diameter of the tumor in the direction parallel to
the petrous ridge and the maximum diameter of the tumor
in an orientation perpendicular to the first diameter. Tumors
limited to the internal auditory canal should be reported
separately as ‘intracanalicular’ tumors and their length
within the IAC may be recorded at the discretion of the
investigator.

Some authors advocate that the first MR imaging study
should be performed a year after diagnosis, and subsequent
imaging should be performed yearly or every 2 years
depending on the appearance of new symptoms, tumor
growth or both.2 Nonetheless, for patients managed
conservatively, other authors recommend an initial magnetic
resonance imaging scan at 6 months with scans to take place
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at annual intervals for 2 years. A further scan 2 years later
will identify any patient with indolent tumors. Thereafter,
follow-up should be life-long every 5 years. Cystic tumors
represent a particular threat to patients and should only be
treated conservatively with caution.3

In retrospective review of patients with tumors that
demonstrated growth of greater than 1 mm/year between
two consecutive scans, Mick et al (2009)4 found that in
63.9% of the patients the tumors continued to grow, 30.6%
stayed the same size and 5.6% regressed in size. Of note,
the average follow-up period after growth was identified to
be of 2.1 years. In a retrospective review of patients with
conservatively managed VS, the mean tumor growth rate at
the 1-year follow-up was significantly higher in the group
requiring treatment (3.0 mm) than in the group not requiring
treatment (0.36 mm). Thus, the tumor growth rate at the
1-year follow-up was a strong predictor of the eventual need
for treatment.5

Patients with purely intracanalicular tumors managed
with observation had a 5-year no-growth rate of 89.8%
compared with 73.9 and 45.2% for Grade I and Grade II or
larger tumors respectively. The difference between
intracanalicular and Grade II or larger tumors was
statistically significant.6 The overall 5-year no-growth rate
recorded in the patients studied by Solares and Panizza
(2008) who were managed conservatively, was 70.6% and
in patients with growth the 5-year no-intervention rate was
81.3%. Additionally, 10% of these patients demonstrated
tumor regression. These authors suggested that treatment
can be delayed in a large proportion of vestibular
schwannoma patients, particularly in patients with small
tumors, and recommended a period of observation to
determine the need for treatment in patients without
indications for urgent intervention.

A growth rate of > 2.5 mm/year was a better predictor
of hearing loss than the initial tumor size for patients
undergoing observation management of vestibular
schwannomas smaller than 25 mm in largest diameter.7

In patients who were followed conservatively and who
exhibited a 1-year tumor growth rate equal to or greater
than 3 mm, conservative treatment was often discontinued.2

Growth rates of intrameatal (1.02 ± 1.8 mm/year) and
extrameatal (1.40 ± 3.1 mm/year) tumors did not differ
significantly. No significant association was found among
tumor growth rate and sex, age, initial hearing status or initial
tumor grade. Delay in diagnosis was the only significant
factor associated with tumor growth rate.2

Patients with intracanalicular and small/medium-sized
tumors have been followed prospectively by Ferri et al
(2008). Almost two-thirds (64.5%) of the cases did not show
tumor growth during the entire observation period (mean
follow-up period, 4.8 years). Among growing tumors,
patients that were surgically treated showed no
complications or facial nerve palsy.

Enlargement of at least 2 mm after radiosurgery may
occur in 14% of treated patients after a median follow-up
of 56 months (Pollock, 2006). Among the 28 patients who
did not undergo resection at the time of initial enlargement,
three patterns were identified on later imaging. Sixteen
(57%) patients showed eventual tumor regression (type 1),
and eight (29%) patients had tumors that increased and
remained larger but did not show progressive enlargement
(type 2). Four (14%) patients showed progressive enlarge-
ment on serial imaging (type 3) and underwent additional
treatment. As a result, tumor expansion after VS
radiosurgery rarely denotes a failed procedure, and the
majority of patients only require further imaging.
Approximately, one-third of tumors that enlarge will remain
increased in size compared with the time of radiosurgery
but will not show sequential growth. Additional tumor
treatment should be reserved only for patients who
demonstrate progressive tumor enlargement on serial
imaging.8

LOCALIZATION
Purely intracanalicular tumors pose specific challenges in
their management. Niranjan et al (2008)9 reported
preservation of serviceable hearing in 31 of 40 (77.5%)
patients treated by gamma knife stereotactic radiosurgery
(GK-SRS) who had initial American Academy of
Otolaryngology—Head and Neck Surgery Class A hearing.
Serviceable hearing was preserved in 40 of 79 (64.5%)
patients with Gardner-Robertson (GR) Grade I or II pre-
GK-SRS hearing. Hearing grades improved in seven
patients. Facial and trigeminal nerve function was preserved
in all patients. The tumor control rate (freedom from
additional intervention) was 99.0% (95 of 96) at a median
follow-up of 28 months (range was 12-144 months).

Hajioff et al (2008)10 followed prospectively by serial
clinical examination, MRI scans and audiometry, 72 patients
with a unilateral vestibular schwannoma that have been
treated conservatively for a median of 121 months.
Cerebellopontine angle tumors grew faster (1.4 mm/year)
than intracanalicular tumors (0 mm/year, p < 0.01).

Solares and Panizza (2008) found that patients with
purely intracanalicular tumors managed with observation
had a 5-year no-growth rate of 89.8% (compared with 73.9%
and 45.2% for Grade I and Grade II or larger tumors
respectively).

AGE AND GENERAL MEDICAL CONDITION

Patients, 65 years or older, at time of diagnosis with smaller
tumors (< 2.5 cm) were followed with serial magnetic
resonance imaging by Roehm and Gantz (2007).11 If
significant growth occurred, then they were treated with
surgery (average growth in the surgical group was 4.1 mm/
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year vs 0.3 mm/year for patients remaining in the observation
group). Surgery was performed at initial diagnosis on
patients with larger tumors or in selected patients for hearing
preservation. Stereotactic radiosurgery was performed for
poor surgical candidates and for patient choice. Perry et al
(2001)12 followed patients over the age of 65 years without
prior treatment or observation with serial, gadolinium-
enhanced MRI scans performed at 6 months and then yearly,
if no significant growth had occurred. The patients were
followed for an average of 3.5 years. The average tumor
size at presentation was 1.14 cm, with a range of growth
rates from 0 to 1.2 cm per year. Only 12% of the patients
required further intervention. No patients developed
significant complications during the observation period.
These authors12 concluded that vestibular schwannomas in
the older population can be managed safely using serial MRI
scanning. No correlation could be made between initial
tumor size and subsequent growth rate in this patients’
group.

In younger patients, resection is often advocated because
of concern regarding the long-term effects of radiation.
Lobato-Polo et al (2009)13 reviewed long-term outcomes in
55 patients with vestibular schwannomas 40 years of age or
younger, who underwent GK-SRS and were followed up
for a minimum of 4 years. The 5-year rate of freedom from
additional management was 96%. No patient developed a
secondary radiation-related tumor.

In a retrospective analysis of 20 patients under 21 years
of age who underwent surgery via the retrosigmoid
approach, the statistical comparison of the postoperative
status including cochlear and facial nerve function, and
complications did not show any significant difference
between young and adult patients.14

Facial Nerve Function

An overall facial nerve preservation rate of 96.2% was found
after gamma knife stereotactic radiosurgery for vestibular
schwannoma in the cumulative analysis of 23 published
studies performed by Yang et al (2009).15 Patients receiving
less than or equal to 13 Gy of radiation at the marginal dose
had a better facial nerve preservation rate than those who
received higher doses. Patients with a tumor volume less
than or equal to 1.5 cm3 also had a greater facial nerve
preservation rate than patients with tumors greater than
1.5 cm3. Superior facial nerve preservation was also noted
in patients younger than or equal to 60 years of age.

None of the patients treated by GK-SRS with doses lower
than 13 Gy experienced facial or trigeminal neuropathy.13

Facial nerve function was preserved in 98.2% of patients.
There is no doubt that the principal concerns about facial

nerve function involve the motor component of the nerve.

There are fewer data on the impact of dysfunction of the
sensory component of the facial nerve (intermediate nerve)
with the accompanying taste, nasal secretory and lacrimal
disorders both at presentation as well as after treatment,
findings that may be present in more than 50% of patients
treated by surgery.16

Hearing (and Hearing Deterioration Rate)

Monitoring hearing has been used quite frequently as a
clinical marker of VS progression. A growth rate of
> 2.5 mm/year is a better predictor of hearing loss than the
initial tumor size for patients undergoing observation
management of vestibular schwannomas < 25 mm in largest
diameter.7 These authors had excluded in their study patients
with poorer hearing (American Association of
Otolaryngology—Head and Neck Surgery Classes C or D,
or Gardner-Robertson Classes III, IV or V) at the time of
presentation. In young patients treated with GK-SRS,
hearing preservation rates (i.e. remaining within the same
Gardner-Robertson hearing class) were 93, 87 and 87% at
3, 5 and 10 years respectively. More specifically, in patients
with serviceable hearing before SRS, hearing was
maintained in 100, 93 and 93% of patients at 3, 5 and 10
years respectively. Hearing preservation was related to a
margin dose lower than 13 Gy.13  At presentation, 45.5% of
the patients with intracanalicular and small/medium-sized
tumors who have been followed prospectively by Ferri et al
(2008)17 had useful hearing (classes A and B of the
American Academy of Otolaryngology—Head and Neck
Surgery classification), and 41 (73.2%) patients had
preserved hearing during follow-up independently from the
tumor growth rate. The mean follow-up period in the study
by Ferri et al (2008)17 was 4.8 years. In the cohort of patients
treated conservatively by Hajioff et al (2008)10 for a median
of 121 months, hearing deteriorated substantially even in
tumors that did not grow, but did so faster in tumors that
grew significantly. Mean deterioration in pure tone average
at 0.5, 1, 2 and 3 kHz was 36 dB and speech discrimination
scores deteriorated by 40%.

Balance and Vestibular Function

Vertigo, dizziness and disorders of body posture are present
in 52% of untreated VS patients.18 Using the Short Form-
36 and the Glasgow Benefit Inventory, Myrseth et al
(2006)19 found that vertigo is the symptom causing the most
pronounced negative effect on quality of life (QoL) in
patients with vestibular schwannoma. Surgical treatment
should be considered in patients with small- or medium-
sized tumors and persisting disabling vertigo resulting in a
poor quality of life. Vestibular schwannoma patients with
disabling vertigo, experience significant reduced quality of
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life when compared with a healthy population. In this
specific group of patients, translabyrinthine tumor removal
significantly improved the patients’ quality of life.20 In their
prospective study, these authors found a significant
improvement of Dizziness Handicap Inventory (DHI) total
scores and Short Form-36 scales on physical and social
functioning, role-physical functioning, role-emotional
functioning, mental health and general health at 12 months
after surgery when compared with preoperative scores. The
size of an inferior vestibular nerve (IVN) and vestibular
schwannoma (VS) correlated with computerized dynamic
platform posturography findings, suggest that the nerve
branch of origin of a VS appears to influence the nature of
vestibular adaptation mechanisms in untreated VS tumors.21

In IVN vestibular schwannoma patients the visual system
plays a major role in the maintenance of postural stability.
Postoperatively, accelerated vestibular compensation was
achieved in patients who underwent surgery by means of a
middle fossa or retrosigmoid approach with anatomical
preservation of one branch of the vestibular nerve.22 Three
months after surgery, 47% of the latter patients were back
to work without substantial restrictions compared with 29%
of the group of patients who had undergone surgery by a
translabyrinthine approach. Nonetheless, at the end of the
sixth postoperative month there was no significant difference
between these two groups.22

Trigeminal Nerve Function

Although, an issue that attracts in general little attention,
functional disorders of the trigeminal nerve may be quite
important from the patient’s perspective.

None of the patients treated with GK-SRS with doses
lower than 13 Gy experienced facial or trigeminal neuro-
pathy.13 These authors reported that trigeminal nerve
function was preserved in 96.4% of their patients.

In a study comparing GK-SRS to microsurgical resection
by means of translabyrinthine, suboccipital and middle fossa
approaches, Karpinos et al (2002)23 found that the rate of
trigeminal neuropathy was significantly higher in the
microsurgical group than in the GK-radiosurgical group
(17% vs 0% in the immediate postoperative period, p < 001,
and 22% vs 12.2%, p = 0.009, at long-term follow-up).

RISK OF MALIGNANT TRANSFORMATION AND
RADIATION-INDUCED TUMORS

Malignant transformation of sporadic vestibular
schwannoma has been reported after GK-SRS therapy.24

Malignant transformation may occur even 8 years after GK-
SRS.25 The overall risks of tumor induction from

radiotherapy in people without tumor-predisposing
conditions appear to be quite small, but this is not the case
for people with tumor-predisposing conditions.26 An almost
seven-fold increased risk of malignancy may exist for
irradiated as compared to nonirradiated neurofibromatosis
2 (NF2) patients.27 Approximately 5% of all vestibular
schwannomas occur in NF2 patients, but half the reported
malignant transformations occur in NF2 patients.28 Much
more caution is warranted regarding the use of radiation
treatment for benign tumors in childhood and in tumor-prone
conditions, such as the neurofibromatoses.26 Hasegawa et
al (2005)29 reported on their series of sporadic VS patients
treated by GK-SRS with a follow-up period more than 10
years (median duration of follow-up was 135 months). No
patient showed malignant transformation in their series.
Additionally, malignant transformation may occur many
years after fractionated radiotherapy (FRT), so caution is
advocated when using this treatment for young patients.
Maire et al (2006)30 reported a case of malignant trans-
formation of a VS 216 months after initial FRT treatment.

A malignant peripheral nerve sheath tumor arising from
a benign schwannoma of the eighth cranial nerve has been
reported in the literature. Initially, the tumor had been
surgically debulked. On surgical revision, malignant areas
were discovered within the benign tumor, which were
considered to represent a malignant transformation of a
previously benign tumor.31 Given the extremely low rate of
malignant transformation in irradiated sporadic VS, one
cannot exclude the possibility of spontaneous malignant
transformation of VS tumors, as illustrated in the latter case.

The risk of radiation-induced tumors after radiosurgery
is unknown. Radiation-induced neoplasms are extremely
rare after stereotactic radiosurgery.32 In a recent study of
55 patients aged 13 to 40 years treated by GK-SRS after a
follow-up period ranging between 4 and 20 years (mean:
5.3 years) no patient developed a secondary radiation-related
tumor.13

HEALTH-RELATED QUALITY OF
LIFE (QoL) MEASURES

In the study by Vogel et al (2008)33 the 36-Item Short Form
health survey scores of VS patients at diagnosis were
significantly decreased when compared with healthy
controls, patients with head and neck cancer, benign prostate
hypertrophy, chronic obstructive pulmonary disease and deaf
patients. Scores for illness perceptions were in between those
of patients with acute pain and chronic pain for most
subscales. Changing illness perceptions and coping by
means of an intervention and encouraging social support
by means of patient support groups may improve QoL in
VS patients.33
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Return-to-work should become a standard reporting
criterion for postoperative QoL in VS patients.34 In the study
by Lobato-Polo et al (2009),13 all patients continued their
previous level of activity or employment after GK-SRS.

Nonetheless, a major methodological flaw of studies on
health-related QoL in VS patients is that they do not include
in their design a prospective comparison between QoL
measures before and after any form of treatment in their
patient cohorts.35

In their analysis, Whitmore et al (2011)36 found that at
5 years, patients treated with radiosurgery have an overall
better QoL than those treated with either microsurgery or
those investigated further with serial imaging. The authors
found that the complications associated with wait-and-scan
and microsurgery treatment strategies negatively impacted
patient lives more than the complications from radiosurgery.
One limitation of this study is that the 10-year follow-up
data were too limited to analyze, and more studies are needed
to determine if the authors’ results will still be consistent at
10 years.

PATIENT’S AND SURGEON’S PREFERENCE
In a study by Cheung et al (2010),37 all stakeholder groups
(younger and older prospective patients, observation patients
and surgeons) indicated that GK-SRS radiosurgery was their
first choice among realistic treatments. Younger and older
prospective patients had indistinguishable first-choice
profiles. Tumor surgeons had a higher preference for hearing
destructive translabyrinthine craniotomy compared with
younger and older prospective observation patients. This
finding, although seemingly surprising, is entirely consistent
with the group’s higher importance scores for both
temporary facial nerve weakness and long-term cancer risks.
Tumor surgeons are relatively risk averse to facial
disfigurement and potentially mortal disease.37 In the same
study, younger and older prospective patients had
indistinguishable preference profiles, implying that age
should not be used as a factor to eliminate certain treatment
choices from consideration.

COST-EFFECTIVENESS
In their study involving patients treated with microsurgery
or GK-SRS at the Mayo Clinic (Minnesota, USA), Banerjee
et al (2008)38 found that although the total cost of
microsurgery is higher due to the costs of hospitalization,
follow-up costs for radiosurgery are greater in general. From
a societal perspective, radiosurgery was less expensive than
microsurgical resection provided that the rate of tumor
progression after radiosurgery remains low with long-term
follow-up. Cost analysis within the Canadian health care
system39 determined the mean total cost per patient for
microsurgical removal at CAD$22,402 (£12,545; 14,561€),
for gamma knife radiotherapy at CAD$27,659 (£15,489;

17,978€), for LINAC fractionated radiation therapy at
CAD$9,003 (£5,041; 5,852€) and for conservative
management at CAD$9,651 (£5,405;6,273€) over the
follow-up timeframe. The authors concluded that an
economic advantage could be demonstrated for the
conservative management of vestibular schwannomas
compared to microsurgical removal and gamma knife
radiotherapy on the proviso that no increase in active
treatment complications arose from continued tumor growth
during the period of observation.39 Nonetheless, as the some
authors suggested, cost conclusions should be applied
cautiously to individual and wider societal decisions.
Important reasons for this fact are the infrastructural costs
covered by a public health care system, the indirect and
intangible costs, such as time off work, psychological
impact, caregiver costs as well as pain and suffering, which
were not considered in their study.39 It was also
acknowledged that cost studies are very sensitive to the
nation and system within which the study was performed
and that various public or private health care systems can
have widely discrepant variations in hospital costs and
charges.

DECISION ANALYSIS

A computerized clinical decision analysis was undertaken
by Telian (1994)40 to model the decision to observe small
vestibular schwannomas or proceed to immediate surgery.
The decision tree’s construction accounted for tumor size,
hearing level, and other critical variables, such as the
individual’s aversion to unilateral hearing loss and facial
paralysis. Unless life expectancy was short, the analysis
suggested that surgery at the time of diagnosis was
appropriate, assuming that growth of the tumor was
anticipated. Variations in surgical proficiency and patient
risk aversion within expected ranges did not influence the
decision to operate. The most critical variable was the
probability that the tumor would remain stable in size. As
mentioned above, Cheung et al (2010)37 used conjoint
analysis to study prospectively treatment preference profiles
among vestibular schwannoma stakeholders, namely
younger and  older prospective patients, observation patients
and neurotologic surgeons. Stakeholders were assessed for
the synthetic VS case scenario of a 10 mm tumor in
association with useful hearing and normal facial function.
They found some notable distinctions among the
aforementioned groups: (1) Permanent deafness was less
important to tumor surgeons (than to all other patient
groups), (2) temporary facial weakness was more important
to tumor surgeons and observation patients, and (3) cancer
in the long-term was less important to observation patients.
Conjoint analysis is advocated by Cheung et al (2010)37 as
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a promising tool to empower patient self-directed analysis
of treatment preference profiles. Patients will expectedly
benefit from transparency conferred by an impartial decision
tool and become highly informed partners in shared medical
decision making.

Using Markov decision analysis from the societal
perspective and the benefit derived from each management
strategy in quality-adjusted life years (QALYs) as the main
outcome measure, Morrison (2010)41 found that for patients
with small (< 1.5 cm) vestibular schwannomas of all ages,
a period of observation during which tumor growth and
hearing thresholds are closely monitored was the superior
strategy. For tumors that grow substantially or when hearing
deteriorates, definitive management via radiosurgery was
recommended.

As Cheung et al (2010)37 put it, decision models cannot
fully capture vagaries of human emotion under duress,
multitude of medical conditions that impact on decision
making, and accumulated experiential perspectives. There
is no substitute for consultation with a seasoned provider to
help the patient place her or his treatment preferences for a
specific disease in the context of comorbid conditions.
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