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Objective: To analyze the effect of dizziness-related symptoms on
the long-term quality of life (QoL) of patients with unilateral ves-
tibular schwannoma.
Methods: In this cross-sectional study, patients with a unilateral
vestibular schwannoma diagnosed between 2004 and 2013 com-
pleted a disease-specific QoL questionnaire (Penn Acoustic Neu-
roma Quality of Life [PANQOL]) and the Dizziness Handicap In-
ventory (DHI) in 2020. Linear regression was performed to assess
the correlation between QoL and the DHI total score, and the scores
of the DHI functional, emotional, and physical subdomains. Poten-
tial confounders such as age, sex, tumor size at baseline, and treat-
ment modality (active surveillance, surgery, or radiotherapy) were
included in the model.
Results: In total, 287 of 479 patients (59%) experienced dizziness
with a median follow-up of 10 years. The DHI total score was
significantly associated with the PANQOL total score. On aver-
age, we found a reduction of 0.7 points on the PANQOL for each
Address correspondence and reprint requests to Constanza Fuentealba-
Bassaletti, M.Sc., Department of Otorhinolaryngology and Head and Neck
Surgery, Leiden University Medical Center, PO box 9600, 2300 RC
Leiden, the Netherlands; E-mail: c.a.fuentealba_bassaletti@lumc.nl

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

The authors disclose no conflicts of interest.
Ethical approval: All procedures performed in studies involving human

participants were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.

This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided the original work is prop-
erly cited.

DOI: 10.1097/MAO.0000000000003773

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of Ot
additional point on the DHI. The DHI emotional subdomain was
the most prominent determinant of poorer QoL. Each point on
the DHI emotional subscale was associated with a reduction of
1.3 on the PANQOL score. Treatment modality did not have a
clinically relevant effect on dizziness-related QoL.
Conclusions: Even mild dizziness can have a significant and clin-
ically relevant effect on the QoL of patients with unilateral vestib-
ular schwannoma in the long term. This holds true for all treatment
modalities. Addressing the vestibular problems may improve QoL
in vestibular schwannoma patients, and DHI subscale analysis
may help tailor the optimal vestibular intervention.
Key words:Active surveillance—Cerebellopontine angle tumor—
Dizziness—Quality of life—Radiotherapy—Surgery—Vertigo—
Vestibular schwannoma.
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INTRODUCTION

Vestibular schwannomas are benign tumors arising from
the Schwann cells of the vestibular nerve in the inner ear (1).
The most common symptoms include asymmetrical sensori-
neural hearing loss, tinnitus, and imbalance (2). In addition
to the balance compromise, vestibular schwannoma patients
also frequently present with dizziness and vertigo, affecting
the patient's daily activities and impacting on their quality
of life (QoL) (3–5).

Current vestibular schwannoma treatment strategies can
be summarized as surgery, radiotherapy, or surveillance (i.e.,
no active intervention). Unfortunately, all treatment modali-
ties carry inherent risks to the vestibular function: in surgery,
it is inevitably compromised because of the transection of the
vestibular nerve from which the tumor arises. In radiother-
apy, the tumor and its potential deleterious effect on the ves-
tibular function are not removed, and both the vestibular or-
gan and the vestibular nerves are exposed to radiation, which
may cause additional vestibular toxicity. In active surveil-
lance, the tumor and its impact on the vestibular function
are left in situ, and the vestibular function may deteriorate
as a result of the natural course of the disease. The primary
aim of vestibular schwannoma therapy is therefore usually
not amelioration of the audiovestibular symptoms, but pre-
vention of future complications due to tumor progression.
Even so, the reported effects of vestibular schwannoma ther-
apy on vestibular symptoms are diverse. Some studies show
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no differences in vestibular symptoms of patients who under-
went surgery, radiotherapy, or active surveillance, whereas
others report a reduction in vestibular symptoms after
translabyrinthine surgery (6–8). On the long term, a mitiga-
tion of vestibular symptoms may be expected regardless of
the treatment strategy because of central compensation of uni-
lateral vestibulopathy. However, even 7.5 years after diagno-
sis, half of the patients still report vestibular symptoms (6).
Several large studies have shown that vestibular symptoms

are one of the most prominent determinants of QoL on vestib-
ular schwannoma patients (3–5,9). Vestibular symptoms are
more often present in female patients, older patients, and pa-
tients with larger tumors (4,10). These vestibular symptoms
that vary greatly in severity are challenging to treat and have
an impact on a patient's functional, physical, and emotional
well-being (11,12).
Although the immediate improvement of audiovestibular

symptoms or QoL does not drive the vestibular schwannoma
treatment decision itself, preservation of QoL is important in
vestibular schwannoma care because the tumor does not
affect the life expectancy and patients generally grow old
with the tumor.
The current study aims to analyze the long-term associa-

tion between vestibular symptoms and disease-related QoL
of vestibular schwannoma patients after active surveillance,
surgery, or radiotherapy.
METHODS

This cross-sectional survey study was part of a more extensive
study on long-term vestibular schwannoma QoL outcomes (13).
The study was performed at a tertiary university hospital and ex-
pert center for vestibular schwannoma. Data collection took place
between June and September 2020. The local medical research
and ethics committee has waived the necessity for medical ethical
approval; thus, the study was approved regarding data handling
and privacy regulations.

Vestibular schwannoma patients who participated in a study on
QoL in 2014 were re-invited (5). This previous study included pa-
tients diagnosed and/or treated in our center between 2003 and
2014. As a result, the time interval between diagnosis and comple-
tion of the questionnaire for the current study varied between pa-
tients (median between 8 and 10 yr). Patients 18 years or older
with unilateral vestibular schwannoma were included. Patients
with other skull base pathologies or insufficient language profi-
ciency to complete the questionnaires were excluded.

After providing informed consent, participants were asked to
complete two questionnaires either electronically or on paper. First,
a few demographic questions were asked about age, sex, and edu-
cation level. Second, the Penn Acoustic Neuroma Quality of Life
(PANQOL) was completed, a validated disease-specific QoL ques-
tionnaire consisting of 26 items and 7 subdomains (hearing, bal-
ance, face, anxiety, energy, pain, and general health) (14,15). The
Likert scale answers were recoded to domain scales from 0 to
100, in which higher scores indicate better QoL. An overall score
was calculated as the arithmetic average of the subdomains.

The minimal clinically important difference (MCID) is defined
as the lowest change in patient-reported outcomes needed to reach
a meaningful clinical improvement (16). The median anchored
MCID for the PANQOL total score has previously been established
to be 12.5 points (17).
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Third, the Dizziness Handicap Inventory (DHI) was evaluated.
It consists of 25 items grouped into three subdomains (functional,
emotional, physical) (18–20). In this self-reported impact of dizzi-
ness assessment, patient answers were recoded to total score on a
scale from 0 to 100, in which lower scores indicate less impact of
dizziness. The classification of the DHI as proposed by Whitney
et al. (21) was used to categorize mild (≤30), moderate (31–60),
and severe (>60) handicap. The MCID of the DHI was previously
established at 11 points (22). In total, 255 patients received the
questionnaires electronically. In these cases, the DHI was condi-
tionally deployed. When patients scored at least 4 points at one
or more of the PANQOL dizziness subdomain questions, they
were asked to complete the DHI. All patients completing the paper
questionnaire were asked to complete the DHI because the condi-
tional aspect could not be incorporated in the paper version.

Tumor size and treatment modality were acquired from the pa-
tient records. Treatment modality was categorized as active sur-
veillance, surgery, radiotherapy, or both surgery and radiotherapy.
Patients receiving both surgery and radiotherapy did so because
the initial treatment did not result in adequate tumor control, that
is, the second modality (either surgery or radiotherapy) was per-
formed as salvage treatment. Tumor size was scored at diagnosis
using the reporting system proposed by Kanzaki et al. (23). The
definition of Statistics Netherlands (CBS) for low, middle, and
high education levels were used, following the international stan-
dard classification of education (23). Statistical analyses were per-
formed in R version 4.1.1 using Rstudio 1.4.1717 (Rstudio; PBC,
Boston, MA) and data plotted using the package ggplot2. Means
and standard deviation were calculated for numerical variables,
andwhen not normally distributed, medians and interquartile ranges
(IQRs) were used. Frequencies and percentages were calculated in
the case of categorical variables. DHI score categories were com-
pared per treatment modality using χ2 test with Bonferroni correc-
tion for multiple testing. DHI scores were compared using the
Wilcoxon rank test. Linear regression was performed to assess the
effect of DHI scores on QoL (dependent variable). Potential con-
founders such as age, sex, tumor size at treatment, time since the
treatment, and treatment modality were included in the model based
on previous research (4,5). Furthermore, the determinants of dizzi-
ness were explored in a linear model with DHI total score as the de-
pendent variable. Model assumptions were checked visually. The
effect of the DHI subdomains (functional, emotional, and physical)
on QoLwas assessed in an additional regression analysis, including
the potential confounders mentioned previously. A p value <0.05
was considered statistically significant.

RESULTS

As shown in Figure 1, 536 of 867 patients (62%) responded
and provided informed consent. Compared with nonre-
sponders, responders were, on average, 9 months younger,
had higher education levels (high-level education, 21% versus
14%), and had received surgerymore often (22%versus 10%).
Two patients were excluded because of different definitive di-
agnoses (meningioma instead of vestibular schwannoma in
both cases), and 55 were excluded because they failed to
complete either the PANQOL or DHI questionnaire.

In all, 479 of 865 vestibular schwannoma patients (55%)
completed at least one of the questionnaires (PANQOL
and/or DHI), of whom 41% did not experience any vestibu-
lar symptoms, 37% had mild symptoms, 18% had moderate
symptoms, and 4% had severe symptoms. Patients who un-
derwent active treatment suffered more often from vestibular



FIG. 1. Flowchart of study participants.
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symptoms (68% of surgical patients and 73% of radiother-
apy patients) compared with patients who remained under
active surveillance (49%). The overall PANQOL score of pa-
tients with dizziness was significantly worse compared with
patients without vestibular symptoms (Δ21.5, p < 0.001); this
difference exceeded the MCID of 12.5 points and thus is
deemed clinically relevant. Furthermore, patients who scored
positive on the PANQOL balance subdomain questions had
a significantly higher DHI score (Δ20 points, p < 0.001) than
patients who did not, supporting the conditional deployment
of the DHI questionnaire.
The questionnaires were completed on paper by 49 patients

and electronically by 255 patients. In the latter group, the DHI
was deployed conditionally, and 175 patients did not complete
the DHI because of their (low) PANQOL balance domain
score. Both DHI and PANQOL questionnaires were com-
pleted by 304 patients; their baseline characteristics are shown
in Table 1. The median time after diagnosis was 10 years
(IQR, 8–13 yr), and the median time since active treatment
was 9 years (IQR, 8–12 yr). The mean age was 67.7 years,
and 55.4% of the participants was female.
The association between DHI and disease-specific QoL

scores could only be evaluated in patients who completed
both the PANQOL and DHI questionnaire (n = 304). There
was a significant association between DHI total score and
PANQOL total score after correction for confounding fac-
tors. Mean PANQOL total score of patients with a severe
dizziness handicap (mean ± standard deviation, 36.5 ± 13.5)
was lower compared with moderate (51.7 ± 12.4) and mild
dizziness (72.2 ± 13.3; Fig. 2). These differences were sta-
tistically significant and clinically relevant because they
exceeded the PANQOL MCID. For every incremental DHI
point, the score of the PANQOL deteriorated with 0.7 points
(95% confidence interval [CI], −0.7 to −0.6). When the DHI
subscales were analyzed separately, the emotional subscale
seemed to have the strongest association with QoL (−1.3;
95% CI, −1.6 to −1.0), whereas the physical subscale was not
associated with PANQOL total score (−0.1; 95% CI, −0.4 to
0.2; Fig. 3). The MCID of the PANQOL (12.5 points) was
exceeded when the DHI total score exceeded 18 points
and/or when the DHI emotional subscale score exceeded
9 points. From the 304 patients who completed the DHI,
180 patients (59%) had a DHI total score of at least 18
points (60 under active surveillance, 85 after surgery, 26 after
radiotherapy, and 9 after salvage therapy), and 104 patients
(34%) scored at least 9 in the DHI emotional subdomain (32
under active surveillance patients, 52 after surgical patients, 17
after radiotherapy patients, and 3 after salvage therapy patients).

The determinants of DHI score are shown in Table 2. Age,
education level, tumor size, and time since the treatment did
Otology & Neurotology, Vol. 44, No. 2, 2023



TABLE 1. Baseline characteristics

Treatment Modality

Total Active Surveillance Surgery Radiotherapy Salvage Therapy

N 304 127 122 42 13
Age, mean (SD), yr 67.7 (10.8) 70.1 (10.5) 65.0 (10.1) 69.3 (11.1) 64.1 (14.2)
Women, n (%) 170 (55.4) 64 (50.4) 77 (61.6) 22 (52.4) 7 (53.8)
Education, n (%)
Low 112 (36.7) 58 (45.7) 37 (30.1) 13 (31.0) 4 (30.8)
Middle 90 (29.5) 30 (23.6) 44 (35.8) 11 (26.2) 5 (38.5)
High 103 (33.8) 39 (30.7) 42 (34.1) 18 (42.9) 4 (30.8)

Time since, yr
Treatment, median (IQR) 9 (8–12) — 10 (8–13) 8 (5–10) 9 (8–11)
Diagnosis, median (IQR) 10 (8–13) 9 (8–11) 11 (9–14) 10 (8–12) 11 (9–13)

Kanzaki at treatmenta, n (%)
Intrameatal 113 (36.7) 71 (55.9) 28 (22.4) 13 (31.0) 1 (7.7)
Small (0–10 mm) 63 (20.5) 26 (20.5) 21 (16.5) 11 (26.2) 5 (38.5)
Medium (11–20 mm) 72 (23.3) 24 (18.9) 32 (25.2) 12 (28.6) 4 (30.8)
Moderately large (21–30 mm) 32 (10.4) 3 (2.3) 24 (18.9) 4 (9.5) 1 (7.7)
Large + giant (>30 mm) 22 (7.1) 1 (<1) 19 (14.9) 0 2 (15.4)
Missing 7 2 3 2 0

aFor active surveillance, tumor size in 2014 was used.
IQR, interquartile range; SD, standard deviation; —, active surveillance time since treatment = time since diagnosis.
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not influence DHI total score. Female sex seemed to be a de-
terminant for an increased impact of vestibular symptoms.
After correction for potentially confounding factors, female
participants, on average, scored 9.1 points (95% CI, 4.5 to
13.7) higher thanmale participants on the DHI, a statistically
significant difference. Patients who underwent surgery had
FIG. 2. DHI severity categories related to QoL total scores. From the 304
with severe complaints (36.5 ± 13.5) have significant worseQoL scores tha
Dizziness Handicap Inventory; QoL, quality of life; PANQOL, Penn Acous
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significantly higher DHI scores (8.2; 95% CI, 1.1 to 15.3)
than patients who remained under active surveillance. Patients
who underwent radiotherapy (4.3; 95% CI, −4.9 to 14.3) or
salvage therapy (10.2, 95% CI, −4.7 to 25.0) also had higher
DHI scores; however, these differences were not statistically
significant, which in the latter group might be caused by
patients who completed both the PANQOL and the DHI, the patients
n patients withmild vestibular complaints (72.2 ± 13.3). DHI indicates
tic Neuroma Quality of Life.



FIG. 3. DHI subscales scores related to PANQOL total scores. The emotional subscale has the strongest association with QoL (−1.3; 95%CI,
−1.6 to −1.0) comparedwith the functional (−0.6; 95%CI, −0.9 to −0.3) and the physical subscale (−0.1; 95%CI, −0.4 to 0.2). Light gray line rep-
resents emotional subscale; gray line, functional subscale; and black line, physical subscale. CI indicates confidence interval; DHI, Dizziness
Handicap Inventory; QoL, quality of life; PANQOL, Penn Acoustic Neuroma Quality of Life.
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the small sample size. None of the associations mentioned
previously exceed the MCID of 11 points, and thus, none
are deemed clinically relevant; however, the combination
TABLE 2. Liner regression analysis shows the determ

Estimated Mean Total DHI

Female 30.0
Male 20.9
Age 25.4
Time since the treatment 25.5
Education level
Low 23.6
Middle 27.9
High 24.9

Treatment
Active surveillance 19.6
Surgery 27.8
Radiotherapy 24.5
Salvage therapy 29.8

Kanzaki
Intrameatal 27.4
Small (<11 mm) 29.6
Medium (11–20 mm) 25.8
Moderately large (21–30 mm) 20.1
Large + giant (>30 mm) 24.4

Observations 291
χ2 <0.001

Significant differences are shown in bold.
CI indicates confidence interval; DHI, Dizziness Handicap Inventory.
of factors can exceed the MCID. For example, female par-
ticipants who underwent surgery scored 17.2 points higher
on the DHI compared with male participants who underwent
inants for the Dizziness Handicap Inventory score

Dependent Variable Total DHI

95% CI Marginal Means 95% CI

26.0 to 34.0 —
16.5 to 25.3 −9.1 −13.7 to −4.5
21.9 to 29.0 0.0 −0.2 to 0.2
21:9 to 29.0 0.2 −0.5 to 0.9

18.9 to 28.3 —
22.9 to 32.9 4.3 −2.5 to 11.0
20.2 to 29.5 1.3 −5.4 to 8.0

15.3 to 24.0 —
24.3 to 31.4 8.2 1.1 to 15.3
18.0 to 31. 4.3 −4.9 to 14.3
19.8 to 40.3 10.2 −4.7 to 25.0

22.7 to 32.1 —
24.4 to 34.8 2.2 −6.3 to 10
20.8 to 30.8 −1.6 −9.9 to 6.7
12.6 to 27.5 −7.4 −18.7 to 4.0
15.6 to 33.1 −3.1 −16.4 to 10.3

Otology & Neurotology, Vol. 44, No. 2, 2023
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active surveillance. There were no significant interaction
terms identified, especially the association between treat-
ment and DHI score, which was not dependent on the time
since treatment.

DISCUSSION

This cross-sectional study shows that, on the long-term,
a significant proportion of vestibular schwannoma patients
suffer from ongoing vestibular complaints. This holds true
for all treatment strategies (radiotherapy, surgery, and active
surveillance). After a median follow-up time of 10 years, 59%
of the vestibular schwannoma patients suffered from vestib-
ular complaints to different degrees, and 22% of the respon-
dents reported moderate to severe vestibular complaints.
When correlating QoL (as assessed by the PANQOL ques-
tionnaire) and dizziness (evaluated with the DHI), we found
that patients who reported more vestibular symptoms re-
ported significantly lower QoL than patients without. More-
over, patients with moderate or severe vestibular complaints
had significantly lower QoL scores than patients with mild
complaints. These differences were not only statistically sig-
nificant but also clinically relevant. The finding that vestibu-
lar complaints have a major impact on QoL is in line with
previous reports (5,6,9,24,25). The current study shows that
vestibular symptoms affect the QoL of vestibular schwannoma
patients on the long term and may do so regardless of the
chosen treatment modality. The strong correlation between
QoL and vestibular complaints is illustrated by the observa-
tion that, in the current study, the PANQOL total score drops
0.7 points on average for every incremental point on the DHI
total score. This means that for a DHI total score of 18 points
or more, on average, there is a clinically relevant impact on the
PANQOL total score. In other words, even mild vestibular
complaints (defined as a DHI score of 30 points or less)
may have a considerable effect on the long-term QoL of
vestibular schwannoma patients.
A possible determinant of vestibular complaints is the treat-

ment modality. Patients who underwent radiotherapy, surgery,
or both scored higher on the DHI than patients who under-
went active surveillance. However, these differences did not
exceed the DHI MCID of 11 points. Treatment modality
therefore does not seem to have a clinically relevant differen-
tial effect on vestibular complaints and QoL on the long term.
The question that arises is why so many patients are still

suffering from vestibular complaints long after vestibular
schwannoma diagnosis and/or treatment. It is generally
believed that central compensation of unilateral vestibular
function loss should take place in the majority of patients,
diminishing their symptoms over time (26). Our findings
suggest that vestibular compensation of unilateral vestibulopathy
is not always satisfactory in vestibular schwannoma pa-
tients and that spontaneous vestibular recovery does not al-
ways take place. There is good evidence that vestibular re-
habilitation exercises have a beneficial effect on the func-
tional outcome after unilateral vestibular function loss in
vestibular schwannoma patients, and vestibular exercises
are therefore commonly advised for patients suffering from
vestibular complaints. There is also some evidence that ves-
Otology & Neurotology, Vol. 44, No. 2, 2023
tibular “prehabilitation,” that is, vestibular exercises combined
with intratympanic gentamicin treatment before vestibular
schwannoma therapy may have a beneficial effect on
posttherapy vestibular outcome (27). However, the long-term
benefits of prehabilitation are still unclear. Moreover, both
vestibular rehabilitation and prehabilitation strategies mainly
address the functional and physical aspects of vestibular
function loss and may fail to address its emotional impact
(28,29). Because this latter aspect seems to have the stron-
gest correlation with a decrease in QoL and seems to play a
role in a considerable proportion of vestibular schwannoma
patients (34%), vestibular exercises only may not be the op-
timal strategy. In addition to conventional vestibular rehabil-
itation, counseling targeted at the emotional burden may
help improve the QoL in a considerable proportion of vestib-
ular schwannoma patients. Analyzing the DHI subdomains
separately may help identify the patients that would benefit
from this approach, as a score of at least 9 points on the emo-
tional DHI subscale is associated with a clinically relevant
decrease in QoL.

Interestingly, we found that female sex seems to be a de-
terminant for significantly increased score on the DHI in
vestibular schwannoma patients (although the difference
between men and women did not exceed the MCID in the
current study) (6,30,31). This finding agrees with a report
by Carlson et al. (6) A possible explanation for this observa-
tion offered by Carlson et al. is that other factors associated
with female sex aggravate the dizziness-related symptoms,
such as migraine and anxiety, and that the higher DHI scores
in women are therefore not due to the presence of the ves-
tibular schwannoma per se.

Some important strengths and limitations apply to the cur-
rent study. First, we were able to include an adequate sample
size with a good representation of vestibular schwannoma
patients with diverse clinical presentations and management
strategies. Second, the average duration of 10 years between
diagnosis and vestibular survey helps to improve our under-
standing of the importance and impact of vestibular com-
plaints on QoL on the long term. However, the study design
does not allow for identification of pretreatment patient char-
acteristics that might indicate which vestibular schwannoma
treatment modality would best resolve the individual pa-
tients' vestibular complaints.

Last, with a single questionnaire such as the DHI, it may
be hard to capture the full complexity of the emotional bur-
den of dizziness, which involves experiential, behavioral,
and psychological elements; however, the DHI can be used
as screening tool to explore the emotional dimension of the
vestibular symptoms (32,33).

CONCLUSION

Most patientswith unilateral vestibular schwannoma suffer
from dizziness in the long-term (59%). Even mild vestibular
complaints may have a clinically relevant impact on QoL.

The DHI may be an important instrument to explore the
different dimensions of the vestibular complaints in vestib-
ular schwannoma patients and help tailor the optimal ves-
tibular intervention. Because the emotional burden of dizziness
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is associated with a clinically relevant reduction in QoL in
a considerable proportion of patients (34%), addressing
this aspect specifically may be of great value in improving
long-term QoL in vestibular schwannoma patients.
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