
J Neurosurg  Volume 122 • April 2015

cliNical article
J Neurosurg 122:833–842, 2015

abbreviatioNs AAO-HNS = American Academy of Otolaryngology-Head and Neck Surgery; CPA = cerebellopontine angle; GBI = Glasgow Benefit Inventory; HRQOL 
= health-related quality of life; IQR = interquartile range; MCID = minimum clinically important difference; PANQOL = Penn Acoustic Neuroma Quality-of-Life; PROMIS-10 
= 10-item Patient-Reported Outcomes Measurement Information System; SF-36 = 36-Item Short Form Health Survey; SRS = stereotactic radiosurgery; VS = vestibular 
schwannoma.
submitted March 18, 2014.  accepted November 11, 2014.
iNclude wheN citiNg Published online January 2, 2015; DOI: 10.3171/2014.11.JNS14594.
disclosure The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this paper. Internal departmental 
funding was used without commercial sponsorship or support.

Long-term quality of life in patients with vestibular 
schwannoma: an international multicenter cross-sectional 
study comparing microsurgery, stereotactic radiosurgery, 
observation, and nontumor controls
matthew l. carlson, md,1 oystein vesterli tveiten, md,3 colin l. driscoll, md,1,2 
Frederik K. goplen, md, phd,4 brian a. Neff, md,1 bruce e. pollock, md,2 
Nicole m. tombers, rN,1 marina l. castner, rN,2 monica K. Finnkirk, rN,3 
erling myrseth, md, phd,3 paal-henning pedersen, md, phd,3,5 
morten lund-Johansen, md, phd,3,5 and michael J. link, md1,2

Departments of 1Otolaryngology-Head and Neck Surgery and 2Neurologic Surgery, Mayo Clinic School of Medicine, Rochester, 
Minnesota; Departments of 3Neurosurgery and 4Otolaryngology-Head and Neck Surgery, Haukeland University Hospital, Bergen; 
and 5Department of Clinical Medicine, University of Bergen, Norway

obJect The optimal treatment for sporadic vestibular schwannoma (VS) is highly controversial. To date, the majority of 
studies comparing treatment modalities have focused on a narrow scope of technical outcomes including facial function, 
hearing status, and tumor control. Very few publications have investigated health-related quality of life (HRQOL) differ-
ences between individual treatment groups, and none have used a disease-specific HRQOL instrument.
methods All patients with sporadic small- to medium-sized VSs who underwent primary microsurgery, stereotactic 
radiosurgery (SRS), or observation between 1998 and 2008 were identified. Subjects were surveyed via postal ques-
tionnaire using the 36-Item Short Form Health Survey (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. Additionally, a pool of general population adults was surveyed, providing a nontumor 
control group for comparison.
results A total of 642 respondents were analyzed. The overall response rate for patients with VS was 79%, and the 
mean time interval between treatment and survey was 7.7 years. Using multivariate regression, there were no statistically 
significant differences between management groups with respect to the PROMIS-10 physical or mental health dimen-
sions, the SF-36 Physical or Mental Component Summary scores, or the PANQOL general, anxiety, hearing, or energy 
subdomains. Patients who underwent SRS or observation reported a better total PANQOL score and higher PANQOL 
facial, balance, and pain subdomain scores than the microsurgical cohort (p < 0.02). The differences in scores between 
the nontumor control group and patients with VS were greater than differences observed between individual treatment 
groups for the majority of measures.
coNclusioNs The differences in HRQOL outcomes following SRS, observation, and microsurgery for VS are small. 
Notably, the diagnosis of VS rather than treatment strategy most significantly impacts quality of life. Understanding that a 
large number of VSs do not grow following discovery, and that intervention does not confer a long-term HRQOL advan-
tage, small- and medium-sized VS should be initially observed, while intervention should be reserved for patients with 
unequivocal tumor growth or intractable symptoms that are amenable to treatment. Future studies assessing HRQOL 
in VS patients should prioritize use of validated disease-specific measures, such as the PANQOL, given the significant 
limitations of generic instruments in distinguishing between treatment groups and tumor versus nontumor subjects.
http://thejns.org/doi/abs/10.3171/2014.11.JNS14594
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Vestibular schwannomas (VSs) are benign, slow-
growing tumors arising from the eighth cranial 
nerve and constitute 8% of all intracranial neo-

plasms and 90% of cerebellopontine angle (CPA) lesions.3 
Increasing patient access to MRI and the implementation 
of screening protocols for patients with asymmetrical 
hearing loss have led to a significant increase in the num-
ber of VSs diagnosed each year, with a higher proportion 
of patients presenting with small tumors and minimal 
symptoms.29,32 Contemporary management strategies in-
clude microsurgical resection, stereotactic radiosurgery 
(SRS) or stereotactic radiotherapy, and observation with 
serial imaging. Owing to concurrent advancements in sur-
gical technique and radiation delivery strategies, disease-
specific mortality now approaches zero and the majority 
of patients benefit from durable tumor control whether 
managed using SRS or microsurgery. In addition, recent 
detailed natural history studies have revealed that the ma-
jority of small VSs do not grow over many years of fol-
low-up, leading to an ever-increasing number of patients 
being managed conservatively, without intervention.31

To date, the great majority of published studies compar-
ing VS management strategies have concentrated only on 
physician-reported objective outcome measures, including 
facial nerve function, hearing status, tumor control, and 
other cranial nerve–related morbidity and/or mortality.20 
Within the last 20 years there has been growing interest 
within the medical community to develop methods for 
quantifying patient-perceived outcomes, understanding 
there is often disparity in what we as health care provid-
ers prioritize and what patients value.2,9,12,26 Previous at-
tempts to ascertain which treatment strategy ultimately 
provides the best quality of life for patients with small- to 
medium-sized VSs have been severely hampered by small 
numbers, short follow-up, potentially important selection 
biases, lack of a disease-specific quality of life analysis, 
and no nontumor control group for comparison.9 After an 
extensive review of the recent literature, Gauden and col-
leagues concluded that since most studies have relied on 
the 36-Item Short Form Health Survey (SF-36) and have 
reported outcomes in disparate ways, no strong conclusion 
can be drawn regarding the merits of one treatment over 
another, and the existing literature suffers significantly 
from monomethod biases.9 The primary objective of the 
current study is to assess long-term health-related quality 
of life (HRQOL) in a large cohort of patients following 
observation, microsurgery, and SRS for small- to medium-
sized VS using 3 multipurpose HRQOL questionnaires 
and 1 recently validated disease-specific instrument.

methods
study cohort

After obtaining institutional review board approval, 
we performed a cross-sectional study via postal question-
naire at 2 tertiary academic referral centers, one located in 
the United States and one in Western Europe. All patients 
with smaller than 3-cm sporadic VSs who underwent mi-
crosurgery, SRS, or observation between 1998 and 2008 
were identified. Subjects with neurofibromatosis Type 2, 
those who received prior SRS or microsurgery, patients 

with tumors larger than 3 cm, and subjects younger than 
18 years were excluded from study. Baseline clinical data 
were gathered for all patients and included sex, age at treat-
ment, pretreatment hearing capacity, baseline facial nerve 
function, and tumor size. For the purpose of analysis, time 
of treatment for the observation cohort was considered the 
date of initial diagnosis. Tumor size and audiometric data 
were classified according to the 1995 American Academy 
of Otolaryngology-Head and Neck Surgery (AAO-HNS) 
Committee reporting guidelines.1 Facial nerve function 
was recorded using the House-Brackmann grading scale.15

In our practice, most VSs smaller than 2 cm in maxi-
mum posterior fossa diameter are initially observed until 
serial MRI reveals evidence of tumor growth, understand-
ing that a significant number of VSs remain dormant for 
extended periods of time.33 Because currently there is no 
compelling evidence supporting one therapy over another, 
we do not follow a rigid management algorithm, and treat-
ment is highly individualized. Following definite radio-
logical progression, in the majority of cases the treatment 
decision is based on tumor characteristics, symptoms, 
age, health, and patient preference. Patients with minimal 
symptoms and progressive growth are more commonly 
treated with SRS, while those with intractable symptoms 
that are related to mass effect are more likely to undergo 
microsurgery. Following this paradigm, subjects who are 
older, those with advanced medical comorbidities, and/or 
those with minimal symptoms are more likely to receive 
SRS, while younger fit patients and/or those with severe 
symptoms are more likely to undergo microsurgery. Over 
the past 15 years there has been a near-even distribution 
of management between microsurgery and SRS, with the 
large majority of patients being evaluated by a neurotolo-
gist-neurosurgeon team.

hrQol assessment
Those meeting initial inclusion criteria were surveyed 

using a panel of standardized HRQOL questionnaires as 
outlined below. Global HRQOL status was evaluated us-
ing the SF-36 and the 10-item Patient-Reported Outcomes 
Measurement Information System (PROMIS-10) ques-
tionnaires. The SF-36 is a generic, 36-item instrument that 
assesses HRQOL status across 8 scales including physical 
functioning, role limitations secondary to physical prob-
lems, bodily pain, general health, vitality, social function-
ing, role limitations secondary to emotional problems, 
and mental health. Scores for each domain are calculated 
based on the weighted sum of corresponding responses 
and are adapted to a 0- to 100-point system, with higher 
scores indicating more favorable HRQOL. Finally, indi-
vidual scales are combined to form physical and mental 
health component summary scores. Similar to the SF-
36, the PROMIS-10 provides mental and physical health 
summary scores. Each item contains 5 responses with the 
exception of an 11-point pain scale; a higher score once 
again indicates better HRQOL.

The Glasgow Benefit Inventory (GBI) is an 18-point 
postintervention questionnaire used to assess change in 
health status as a result of treatment, developed especially 
for otolaryngological interventions.27 Each item contains 5 
responses ranging from a large deterioration in HRQOL to 
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a large improvement. A total score is generated from gen-
eral, social support, and physical health subscale scores. 
The GBI total and subdomain scores range from -100 to 
+100 with a score of 0 indicating no change in health sta-
tus as a result of treatment, and a score of +100 denoting a 
maximum improvement.

Disease-specific HRQOL was assessed using the Penn 
Acoustic Neuroma Quality-of-Life (PANQOL) scale. 
This questionnaire has been validated previously and was 
shown to discriminate VS patients from nontumor controls 
better than the SF-36.30 The PANQOL consists of 26 ques-
tions with responses ranging from 1 to 5, with 1 denoting 
strong disagreement through 5 indicating strong agree-
ment. Domain scores for facial function, balance, hearing, 
pain, anxiety, energy, and general health are obtained by 
averaging the responses of items assigned to the domain. 
A total score is calculated as the equal average of the 7 
domain scores. As such, the domain scores and the total 
score could range from 0 to 100, with higher scores indi-
cating better HRQOL.

A pool of general population adults was also surveyed 
using the SF-36, PROMIS-10, and PANQOL, providing 
a group of nontumor controls for comparison. The GBI 
was not completed by control patients since this question-
naire requires a comparison of before and after an event or 
treatment, and therefore cannot be applied to this popula-
tion. A list of names and contact information for non-VS 
controls was purchased from a survey agency, Marketing 
Systems Group. All US patients with VSs and control sub-
jects were given $30 (US dollars) remuneration upon sur-
vey completion. One follow-up reminder was sent to all 
initial nonresponders.

statistical analysis
Continuous features were summarized with means, 

medians, and interquartile ranges (IQRs); categorical fea-
tures were summarized with frequency counts and per-
centages. Comparisons of baseline demographics, clinical 
outcomes, and HRQOL outcomes among patients in the 3 
management groups were evaluated using Kruskal-Wallis 
tests for continuous and ordinal features, while chi-square 
and Fisher exact tests were used to analyze categorical 
variables. If the p value from a global test for differences 
among the SRS, observation, and microsurgery groups 
was < 0.10, pairwise comparisons between SRS and ob-
servation, between SRS and microsurgery, and between 
observation and microsurgery were evaluated using Wil-
coxon rank-sum, chi-square, and Fisher exact tests. Com-
parisons of HRQOL outcomes among groups of interest 
were also evaluated in a multivariable setting after adjust-
ing for differences in baseline patient features using linear 
and logistic regression models. Statistical analyses were 
performed using the SAS software package (SAS Insti-
tute). All tests were 2-sided, and p values < 0.05 were con-
sidered statistically significant.

results
baseline population data

A total of 642 consecutive respondents were analyzed, 
including 144 microsurgery, 247 SRS, and 148 observa-

tion patients in addition to 103 nontumor controls. Over-
all, 79% of VS patients who were successfully contacted 
agreed to participate and returned a completed question-
naire set. The response rate was not statistically signifi-
cantly different between treatment groups. Furthermore, 
aside from older age in the nonresponder population (p 
= 0.006), differences in baseline features including sex, 
tumor size, pre- and posttreatment hearing, and pre- and 
posttreatment facial nerve function were not different be-
tween responders and nonresponders (p > 0.05). A com-
parison of baseline demographics and clinical outcomes 
among patients who underwent SRS, microsurgery, and 
observation is summarized in Table 1. Patients who were 
treated with microsurgery were significantly younger than 
those who received SRS or observation (p < 0.001). Pa-
tients who underwent microsurgery had larger tumors 
compared to the SRS (p = 0.040) and observation (p < 
0.001) cohorts. Tumors in the radiosurgery group were 
likewise significantly larger compared to those in the ob-
servation arm (p < 0.001). Overall, the mean time interval 
between treatment and survey was 7.7 years; patients re-
ceiving SRS had the shortest duration of follow-up com-
pared with patients who were observed (7.3 vs 8.3 years; 
p < 0.001).

audiometric and Facial Nerve outcomes
Prior to treatment, 48% of patients who underwent SRS, 

60% of patients who underwent microsurgery, and 63% 
of patients who were observed had ipsilateral serviceable 
hearing (AAO-HNS Class A or B). Those who underwent 
observation and microsurgery were more likely to have 
serviceable hearing at the time of diagnosis than subjects 
treated with SRS (p ≤ 0.025). At last follow-up, 68% of 
observed patients who had serviceable hearing at pre-
sentation, 40% of those who underwent SRS, and 14% of 
subjects who were treated with microsurgery maintained 
serviceable hearing following management (p < 0.001). 
There were no differences between groups with respect to 
pretreatment facial nerve function. At last follow-up, 99% 
of observed patients, 98% of those who underwent SRS, 
and 90% of patients who received microsurgery had good 
facial nerve function (House-Brackmann Grades I and II) 
(p < 0.001).

hrQol outcomes
A comparison of HRQOL outcomes among patients 

who underwent SRS, observation, and microsurgery is 
summarized in Table 2 and Fig. 1. After adjusting for 
baseline differences of age, tumor size, initial hearing 
status, and time from initial evaluation, there was no sta-
tistically significant difference found between treatment 
groups with the PROMIS physical, PROMIS mental, 
PANQOL general, PANQOL hearing, PANQOL energy, 
or SF-36 Physical or Mental Component Summary scores 
using multivariable regression models. After multivari-
able adjustment, pairwise comparisons of the PANQOL 
facial, PANQOL balance, PANQOL pain, PANQOL total, 
and GBI physical scores showed no statistically significant 
difference between the SRS and observation groups; how-
ever, both had statistically significantly better scores than 
the microsurgery arm. When analyzing the GBI total and 
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general outcome scores, patients receiving SRS had the 
highest score, followed by observation and microsurgery. 
GBI physical scores showed no statistical difference be-
tween the SRS and observation groups, and both had bet-
ter scores than the microsurgery arm. When evaluating 

the GBI social assessment, those who received microsur-
gery had the highest average score followed by SRS and 
observation.

Multivariate comparisons of HRQOL outcomes of non-
tumor controls and patients who underwent SRS, observa-

table 1. comparison of baseline demographic features and long-term clinical outcomes among 539 patients who underwent primary 
srs, observation, or microsurgery for treatment of sporadic vs*

Feature SRS (n = 247)
Observation 
(n = 148)

Microsurgery 
(n = 144)

p Value
Global 

Comparison
Pairwise 
SRS vs Ob

Pairwise 
SRS vs MS

Pairwise 
MS vs Ob

Age at diagnosis in yrs <0.001 0.51 <0.001 <0.001
  Mean 58 59 50
  Median (IQR) 59 (49–67) 59 (52–67) 51 (42–59)
Age at survey in yrs <0.001 0.13 <0.001 <0.001
  Mean 66 67 58
  Median (IQR) 65 (56–74) 67 (61–74) 59 (50–67)
Diagnosis to survey in yrs <0.001 <0.001   0.083   0.056
  Mean 7.3 8.3 7.7
  Median (IQR) 6.8 (5.1–9.0) 8.2 (7.0–9.5) 7.7 (5.7–9.6)
Sex 0.14
  Female 128 (52) 88 (59) 88 (61)
  Male 119 (48) 60 (41) 56 (29)
Pretreatment hearing (n = 521)† 0.015 0.012  0.021 0.96
  A 61 (25) 45 (32) 52 (37)
  B 53 (22) 45 (32) 31 (22)
  C 28 (12) 11 (8) 9 (6)
  D 98 (41) 41 (29) 47 (34)
Most recent hearing (n = 470)† <0.001 <0.001 <0.001 <0.001
  A 14 (7) 28 (22) 8 (6)
  B 25 (12) 30 (23) 3 (2)
  C 22 (11) 14 (11) 0
  D 143 (70) 57 (44) 126 (92)
Pretreatment facial function (n = 539)‡ 0.60
  I 243 (98) 147 (99) 141 (98)
  II 4 (2) 0 2 (1)
  VI 0 1 (1) 1 (1)
Most recent facial function (n = 536)‡ <0.001 0.070 <0.001 <0.001
  I 236 (96) 147 (99) 112 (78)
  II 6 (2) 0 16 (11)
  III 3 (1) 0 12 (8)
  IV 0 0 1 (1)
 V 0 0 1 (1)
  VI 0 1 (1) 1 (1)
Pretreatment tumor size (n = 534)  <0.001 <0.001 0.040 <0.001
   Intracanalicular tumor 35 (14) 86 (60) 33 (23)
  0–9 mm, CPA component 65 (26) 30 (21) 17 (12)
  10–19 mm, CPA component 128 (52) 26 (18) 57 (40)
  20–30 mm, CPA component 19 (8) 1 (1) 37 (26)

MS = microsurgery; Ob = observation.
*  Values are presented as the number of patients (%) unless stated otherwise; p values in boldface are statistically significant.
†  AAO-HNS hearing class.
‡  House-Brackmann facial nerve grading scale.
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tion, and microsurgery are shown in Table 3. Additionally, 
a comparison between nontumor controls and the collec-
tive population of patients with VS is provided. Of note, af-
ter adjusting for age, the PROMIS physical, and the SF-36 

Physical and Mental Component Summary scores did not 
show any statistically significant differences between non-
tumor control subjects and any of the individual manage-
ment arms. Compared with the nontumor control group, 

table 2. multivariate comparison of long-term hrQol outcomes among 539 patients who underwent primary srs, observation, or 
microsurgery for treatment of sporadic vs

Mean (median; IQR) p Value*

Feature SRS (n = 247)
Observation 
(n = 148)

Microsurgery 
(n = 144)

Global 
Comparison

Pairwise SRS 
vs Ob

Pairwise SRS 
vs MS

Pairwise MS 
vs Ob 

PROMIS physical (n = 533) 15 (15; 13–17) 15 (15; 14–17) 16 (16; 14–17) 0.47   
PROMIS mental (n = 536) 15 (15; 12–17) 15 (15; 12–17) 15 (15; 13–17) 0.77
PANQOL anxiety (n = 537) 81 (88; 75–100) 80 (81; 69–100) 77 (88; 56–100) 0.42
PANQOL facial (n = 538) 86 (100; 75–100) 87 (100; 75–100) 76 (75; 58–100) <0.001 0.90 <0.001 <0.001
PANQOL general (n = 538) 60 (63; 50–75) 58 (63; 50–75) 64 (63; 50–75) 0.56     
PANQOL balance (n = 538) 68 (71; 50–92) 74 (75; 63–100) 62 (63; 42–83) <0.001 0.10 <0.001 <0.001
PANQOL hearing (n = 538) 57 (56; 38–75) 60 (63; 41–81) 52 (56; 38–69) 0.30   
PANQOL energy (n = 538) 67 (71; 46–88) 67 (67; 50–86) 65 (67; 48–88) 0.41
PANQOL pain (n = 538) 76 (100; 50–100) 83 (100; 75–100) 64 (75; 25–100) 0.004 0.33   0.018   0.005
PANQOL total (n = 538) 70 (71; 57–84) 72 (72; 63–88) 65 (67; 50–81) 0.005 0.88   0.004   0.023
GBI total (n = 538) 0 (0; −8 to 6) −2 (0; −6 to 0) −12 (−11; −25 to 0) <0.001   0.022 <0.001   0.004
GBI general (n = 538) −1 (0; −13 to 8) −3 (0; −8 to 0) −18 (−13; −38 to 0) <0.001   0.023 <0.001 <0.001
GBI social (n = 538) 8 (0; 0–17) 4 (0; 0–0) 12 (0; 0–33)   0.024 0.62   0.027   0.012
GBI physical (n = 538) −5 (0; −17 to 0) −6 (0; −17 to 0) −15 (−17; −33 to 0) <0.001 0.92 <0.001   0.004
SF-36 physical (n = 534) 46 (49; 38–56) 47 (49; 39–55) 49 (52; 42–57) 0.68     
SF-36 mental (n = 534) 52 (54; 48–58) 53 (56; 50–59) 51 (55; 48–57) 0.53     

*  Values in boldface are statistically significant.

Fig. 1. Long-term HRQOL outcomes using the disease-specific PANQOL scale among 103 nontumor controls and 539 patients 
with VSs smaller than 3 cm who were managed with SRS (n = 247), observation (n = 148), and microsurgery (n = 144). A higher 
score denotes better HRQOL. Error bars represent 95% confidence intervals for the group score average. Figure is available in 
color online only.
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patients with VS consistently had poorer PANQOL facial, 
PANQOL balance, PANQOL hearing, and PANQOL total 
scores. As a general rule, the mean difference in scores 
between control subjects and patients with VS was greater 
than any of the differences seen between individual man-
agement groups.

discussion
Over the last century, the treatment of VS has under-

gone tremendous refinement resulting from improvements 
in surgical technique, advancements in radiation delivery, 
and a better understanding of the natural history of dis-
ease. We have now reached a relative plateau with several 
important objective clinical outcome measures. Namely, 
more than 90% of patients receive durable tumor control 
and satisfactory facial nerve function, and disease-specific 
mortality remains exceedingly low whether treated with 
microsurgery or SRS. While microsurgical resection re-
mains the preferred treatment for tumors larger than 3 cm, 
management practices for small- to medium-sized tumors 
vary significantly between treatment centers, reflecting the 
relative lack of evidence supporting one therapy over an-
other. Despite the large number of studies evaluating VS 
outcomes, there remains no consensus regarding optimal 
management.

Unfortunately, it is not uncommon that we, as health 
care providers, encounter a patient dissatisfied with his or 
her outcome despite having what we perceive to be an ex-
cellent treatment result.3,24,28 Over the past several decades 
there has been increasing importance placed on patient-
centered outcomes, realizing that clinicians commonly 
underestimate patient impairment, and there is frequent 
disparity between what health care providers value and 
what patients prioritize.21,26 Additionally, treating physi-
cians may not fully appreciate the psychological impact 
of the diagnosis of a brain tumor, even a benign one, and 
the significant impact it may have on HRQOL even prior 
to embarking on a plan of care.5,14,19 Outcome assessment 
tools developed by the health care industry often evaluate 
a narrow range of technical outcomes and frequently fail 
to provide insight into how the disease itself or the unto-
ward effects of treatment influence overall patient well-
being.2,9,26 With an increasing prevalence of small tumors 
in minimally symptomatic patients it is paramount that we 
carefully examine both traditional clinical measures and 
HRQOL data when determining best practices.29,32

Previous studies evaluating HRQOL in VS have carried 
several notable limitations including low patient numbers, 
lack of a normal non-VS control population, exclusion of 
one or more treatment groups, and short-term follow-up 
and have therefore been criticized for being methodologi-
cally weak.9 To date, only 3 prospective, nonrandomized 
studies have been published comparing HRQOL outcomes 
following treatment, and currently no Level 1 evidence ex-
ists.7,22,25 It is unlikely that a prospective randomized trial 
comparing treatment outcomes will ever materialize given 
a significant number of obstacles, including patient recruit-
ment in a relatively uncommon condition, the number of 
subjects required to detect clinically meaningful differ-
ences, and significant practice disparities among many 
major centers, making multicenter collaborations difficult. ta
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In fact, Myrseth et al. had to abandon their initial plan to 
randomize enrollment, as patients were unwilling to rel-
egate their treatment to chance.22

Pollock et al. reported the first prospective nonrandom-
ized study in 2006 including 82 patients with primary 
sporadic, smaller than 3-cm VSs who underwent micro-
surgery or SRS.25 The mean duration of follow-up was 42 
months, and the Health Status Questionnaire (modifica-
tion of the SF-36) was used to assess longitudinal change 
in HRQOL. The SRS cohort did not experience any de-
terioration in HRQOL, while the microsurgical arm saw 
an early decline in the standardized physical component 
score at 3 months following treatment, which subsequently 
returned to near baseline. At last follow-up the net change 
from baseline for the physical and mental summary scores 
for both treatment groups were very similar; there was a 
net loss of 3.1 and 3.6 points in the standardized physical 
component score and a net improvement of 4.5 and 3.7 
points in the standardized mental component score for the 
SRS and microsurgery groups, respectively.

Subsequently, in 2009 Myrseth and colleagues pub-
lished the second prospective nonrandomized study com-
paring SRS and microsurgery in a cohort of 91 Norwegian 
patients using the SF-36 and GBI to evaluate longitudinal 
changes in HRQOL at baseline, 1 year, and 2 years follow-
ing treatment.22 At last follow-up, there were no statisti-
cal differences between treatment groups on individual or 
summary scores for the SF-36. Similarly, using the GBI, 
there were no differences between groups at 1 year after 
treatment. However, at 2 years there was a statistically sig-
nificant decline in the GBI total score, and the general and 
physical subdomain scores for the microsurgery arm. At 
last follow-up, there were no statistically significant differ-
ences in job disability or sick leave status between groups.

Di Maio et al. published the most recent prospective 
study including 47 patients who underwent observation, 48 
who received linear accelerator–based radiotherapy, and 97 
who underwent microsurgical resection of VS smaller than 
3 cm in size.7 At a mean follow-up of 31.8 months, there 
were no statistically significant differences between groups 
on either the SF-36 physical or mental health summary 
score; all 3 groups were within approximately 4 points of 
baseline values. Notably, HRQOL remained unchanged for 
the observation and radiotherapy cohorts throughout fol-
low-up, while the surgical group experienced a significant 
improvement in mental health at 24 months, which subse-
quently returned to baseline at last follow-up.

In the current study, patients who underwent microsur-
gery had statistically significantly worse outcomes in their 
PANQOL total score as well as the subdomains of facial 
function, balance, and pain compared with subjects treated 
with SRS or observation. Considering that the incidence of 
objective facial nerve dysfunction following microsurgery 
was approximately 10% greater than SRS or observation, it 
is not surprising that these patients had a statistically worse 
facial PANQOL score. Furthermore, as primary VSs are 
rarely associated with trigeminal neuralgia or other pain 
syndromes and since prolonged headache following sur-
gery is a known potential complication, it is not unex-
pected that the microsurgery cohort had an average poorer 
score than the SRS or observation groups in the pain sub-

domain as well.6,8,13 Several studies have demonstrated that 
ongoing dizziness, compared with other variables such as 
facial nerve dysfunction and hearing loss, has the most pro-
found effect on HRQOL.18,23 It is interesting that the mi-
crosurgery cohort scored poorer in the PANQOL balance 
subdomain since it is commonly held that tumor resection 
is advantageous for treatment of patients who are experi-
encing debilitating vertigo.10 This seemingly paradoxical 
observation can be explained by the differences in dizzy 
symptoms patients experience following microsurgery, 
SRS, and observation as well as treatment selection bias. 
Microsurgery nearly always imparts a complete ipsilateral 
peripheral vestibular paresis, often resulting in acute post-
operative vertigo; however, over a period of several weeks 
or months most subjects achieve central compensation 
with a significant improvement in symptoms. In contrast, 
patients who are observed or receive SRS often have resid-
ual ipsilateral vestibular function, which reduces the risk of 
mild symptoms associated with unilateral vestibular hypo-
function (e.g., transient imbalance with quick head turns), 
but with a functioning labyrinth, patients may still experi-
ence incapacitating vertigo. Since the prevalence of long-
term disabling vertigo is low, by shear number, the milder 
symptoms of unilateral vestibular hypofunction seen in 
the surgical cohort dominates the PANQOL balance score 
rather than the few outlier patients with debilitating vertigo 
following SRS or observation. This may also be explained 
by treatment selection bias. In our practices, patients with 
growing tumors and incapacitating vertigo are more likely 
to receive microsurgery than SRS or observation. This 
strategy may inherently select for those that are more sen-
sitive to dizziness, which will likely negatively influence 
balance scores following treatment.

There are several important considerations that should 
be taken into account when interpreting VS HRQOL data. 
First, it is generally held that microsurgery imparts upfront 
morbidity with subsequent improvement over time, while 
the untoward effects of radiation and observation are often 
not evident for many years following treatment; therefore, 
long-term analysis is critical to ensure fair comparison. To 
illustrate this point, Pollock et al. demonstrated that at 3 
months after treatment, patients who underwent surgery 
had a statistically significant decline in several of the SF-
36 domains, including physical functioning, role-physical, 
energy/fatigue, and overall physical.25 However, at last 
follow-up only a decline in bodily pain persisted. Further-
more, since most patients are diagnosed in their 4th to 5th 
decade of life and are expected to live 20 or more years 
beyond diagnosis, late HRQOL data should be prioritized 
over transitory HRQOL changes found early after treat-
ment.

One other important consideration when reviewing 
HRQOL data is whether small statistically significant dif-
ferences between groups are clinically meaningful. That 
is to say, is a several point discrepancy even perceptible 
to the patient or important to the clinician? For example, 
although statistically significant, the difference between 
observation and SRS on the PANQOL total score was 
only 2 points on a 100-point scale, and there were only 
5 points separating SRS and microsurgery. The minimum 
clinically important difference (MCID) was developed to 
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assist in answering this complex but important question. 
The MCID represents the minimum change in score that 
a patient would perceive as an improvement over baseline 
for a particular condition. While the MCID of the SF-36 
has not been specifically evaluated for patients with VS, 
the MCID for many other studied disease conditions is 
commonly greater than 5 points for the physical and men-
tal health summary scores.16,17 Notably, none of the 3 pro-
spective studies discussed earlier exceeded a mean 5 point 
change in either score at last follow-up.

Until very recently, one significant obstacle to HRQOL 
assessment has been the lack of a validated disease-specif-
ic instrument. By default, the SF-36 has become the most 
widely used instrument for assessing HRQOL outcomes 
within the VS literature.12 Importantly, the SF-36, GBI, 
and PROMIS-10 are multipurpose instruments and there-
fore are heavily influenced by patient comorbidity and 
may lack the sensitivity required to detect subtle changes 
after treatment or small differences between management 
arms.4,9,11 In 2010 Shaffer and colleagues introduced the 
disease-specific PANQOL scale, a 26-item questionnaire 
evaluating facial function, balance, hearing, pain, anxi-
ety, energy, and general health. Initial evaluation yielded 
robust face, content, criterion, and construct validity with 
high test-retest reliability.30 The current study corroborates 
previous data demonstrating that the PANQOL is a more 
responsive instrument to disease- and treatment-associat-
ed changes than multipurpose measures such as the SF-36 
or PROMIS-10.30 Specifically, after multivariable adjust-
ment, the latter 2 instruments did not demonstrate any sta-
tistically significant differences between patients receiving 
SRS, observation, or microsurgery. Moreover, in almost 
every case the SF-36 and PROMIS-10 failed to detect dif-
ferences between nontumor controls and patients with VS, 
while the PANQOL did so in almost every subdomain 
score. Moving forward, we believe that the PANQOL scale 
should supplant the SF-36 as the default instrument for VS 
HRQOL assessment. The next important step will be to 
estimate the MCID for the PANQOL total and subdomain 
scores from prospective analysis.

Since intervention does not offer an HRQOL advan-
tage over observation, and because a significant number of 
small- to medium-sized VSs do not grow after diagnosis, 
tumors should be initially observed using serial imaging. 
We believe that it is hard to justify the added cost and po-
tential risks, albeit small, of upfront SRS without evidence 
to support an HRQOL advantage over the natural history. 
If growth is documented on serial imaging, or additional 
tumor-related symptoms develop, active treatment with ei-
ther SRS or microsurgery is indicated. For patients with 
tumor growth and minimal symptoms, SRS appears to of-
fer the best HRQOL outcome, as long as long-term tumor 
control is achieved. Finally, microsurgery should be con-
sidered for patients with mass effect symptoms, growing 
cystic tumors, or strong preference.

In the current study, PANQOL scores were reduced in 
patients with VS compared with general population nontu-
mor controls; however, the differences between individual 
management groups at 8 years following treatment were 
relatively small. These data support the notion that the di-
agnosis of VS imparts a significant reduction on HRQOL, 

while long-term differences between treatment strategies 
are generally less significant by comparison. We believe 
that further meaningful gains in HRQOL will require a 
redirection of efforts. While facial nerve function and tu-
mor control are important, results from large-volume cen-
ters have largely plateaued within the last several decades. 
Moving forward, improvements in patient counseling re-
garding realistic long-term expectations of disease, as well 
as offering pre- and posttreatment psychosocial support, 
may provide the most impact on HRQOL improvement for 
patients with VS. For example, it is intriguing that there 
was no difference between groups in the PANQOL hear-
ing domain despite patients undergoing SRS and micro-
surgery having significantly higher rates of severe hear-
ing loss following treatment. This very well could be 
explained by the fact that we extensively counsel patients 
about the risks and consequences of unilateral deafness at 
initial consultation and during follow-up.

We wish to highlight some strengths of the current 
study and finally acknowledge several limitations. This 
is the first multicenter study evaluating HRQOL in VS 
and includes the largest number of patients to date. The 
combination of a high questionnaire response rate and 
international multicenter participation permitted enroll-
ment of a large number of subjects, improving statistical 
inference, and enhancing external validity, and, therefore, 
the generalizability of our findings. Second, the majority 
of high-volume tertiary centers carry a strong preference 
for either SRS or microsurgery, and, consequently, most 
studies exclude one or more treatment arms. In the cur-
rent study, both centers have significant experience manag-
ing VS using SRS and microsurgery with a relatively even 
distribution between treatment strategies. Additionally, a 
significant number of small- to medium-sized tumors are 
conservatively followed with serial MRI and audiograms 
at biannual or annual visits. As a result, we were able to 
compare HRQOL outcomes between all 3 management 
arms, in addition to a group of nontumor control subjects. 
Third, all patients were surveyed using 3 general HRQOL 
instruments and a recently validated disease-specific ques-
tionnaire to minimize the risk of monomethod bias present 
in earlier studies. To our knowledge, the PROMIS-10 has 
not been previously used in VS HRQOL assessment. Final-
ly, long-term HRQOL analysis is critical to evaluating dif-
ferences between microsurgery, SRS, and observation. The 
mean time interval between treatment and survey was 7.7 
years—more than twice the follow-up of previous studies.9

The primary limitations of the current study are non-
randomized treatment and the lack of longitudinal fol-
low-up. Without patient randomization to observation, 
SRS, or microsurgery, it remains possible that treatment 
selection bias may result in baseline differences between 
groups, which may in turn influence long-term HRQOL 
outcome results. For example, patients who have resigned 
themselves to the diagnoses and are able to cope with 
disease-related symptoms are more likely to be observed 
or receive SRS, while those who are overly anxious about 
the diagnosis of a brain tumor or are most bothered by 
what are felt to be tumor-related symptoms, such as tri-
geminal neuropathy or recurrent vertigo, are more likely 
to receive microsurgery. Therefore, it is possible that the 
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slightly lower scores in the microsurgery arm are the result 
of pretreatment patient-related factors rather than treat-
ment. Furthermore, without pretreatment HRQOL scores 
and longitudinal follow-up, time-dependent changes in 
HRQOL and causality between intervention and outcome 
cannot be confidently established. Finally, both centers 
in the current study are tertiary academic hospitals, and 
therefore it is possible that the VS population is biased by 
referral patterns. Once again, while considered the gold 
standard, randomized controlled trials comparing man-
agement strategies may never materialize given the rela-
tive rarity of disease, reluctance of patients to resign con-
trol over choice of management, strong biases of treating 
physicians, and the large number of patients that would be 
required to detect meaningful differences.22,34

conclusions
Overall, the HRQOL differences following observation, 

microsurgery, and SRS are small. The diagnosis of VS, 
rather than treatment strategy, most significantly impacts 
patient quality of life. Therefore, further improvements in 
patient counseling regarding realistic long-term expecta-
tions of disease, as well as offering pre- and posttreatment 
psychosocial support, may provide the most impact on 
HRQOL improvement for patients with VS.

Since a significant number of tumors do not grow after 
the time of diagnosis, and because intervention does not 
appear to confer an HRQOL advantage over observation, 
small- and medium-sized VSs should be initially observed, 
while active treatment should be reserved for patients with 
unequivocal tumor growth or intractable symptoms that 
are amenable to treatment. As disease-specific HRQOL 
outcomes following SRS appear to be minimally better 
than microsurgery, we believe that SRS should be offered 
to those with growing tumors and minimal symptoms, 
while microsurgery should be considered for patients with 
symptoms associated with mass effect, enlarging cystic 
tumors, or in cases of patient preference. Moving forward, 
studies assessing HRQOL in VS patients should prioritize 
use of validated disease-specific measures, such as the 
PANQOL, given the significant limitations of generic in-
struments in distinguishing between treatment groups and 
tumor versus nontumor subjects.
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