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Background Patients with vestibular neuritis (VN) displayed differential prognosis
despite of the same treatment. Thus, identifying unique characteristics in different
populations and creating individually customized treatments are necessary. However,
studies about the clinical features according to different ages are scarce.
Purpose This article compares the differences in VN patients among different age
groups.
Research Design A prospective study.
Study Sample A total of 70 VN patients were enrolled in the present study.
Intervention All the patients started vestibular rehabilitation at the time of initial
presentation to our clinic. They were followed up at 1-month intervals using the
questionnaire until 4 months.
Data Collection and Analysis Patients’ clinical data including clinical presentation,
vestibular testing results, treatment, and recovery was collected and analyzed with
Duncan’s multiple range test, the sign test, and the Kruskal–Wallis test using SPSS18.0.
Results The mean age of the 70 patients was 47.2  17.1, ranging from 10 to 76 years
old. The sex ratios (male:female) were 3.5 in the adolescent group, 0.643 in the young
adult group, 1.375 in the middle-aged group, and 0.583 in the senior group. The
prevalence of hypertension and diabetes mellitus showed a signiﬁcantly increasing
trend from young adults to the seniors (p < 0.05). The caloric response was statistically
worse in the senior group than the other groups (p < 0.05). The abnormal rates for
video head impulse test, vestibular-evoked myogenic potential, and vestibular autorotation test did not differ signiﬁcantly in different age groups. A signiﬁcant difference
between prerehabilitation and postrehabilitation total Dizziness Handicap Inventory
(DHI) scores was identiﬁed in all the groups (p < 0.05). The younger patients
demonstrated a greater improvement than patients in the senior group, meanwhile
adolescents improved the most (p < 0.05). Hospital Anxiety and Depression Scale
(HADS) was the lowest in the adolescent group (p < 0.05). DHI score at acute stage was
signiﬁcantly correlated with HADS (r ¼ 0.597, p < 0.05).
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Conclusion The canal response was statistically better for younger patients compared with the elderly. The younger patients demonstrated a greater improvement
than patients in the senior group, among whom adolescents improved the most,
meanwhile psychological factors played a minor role in adolescents. Self-perceived
disability-handicap positively correlated with anxiety and depression in all patients.

Vestibular neuritis (VN) is a disorder characterized by sudden vertigo with associated nausea, vomiting, and generalized imbalance.1 Thirty to 50% of the patients developed
disabling chronic dizziness, which was signiﬁcantly associated with reduced quality of life.2 The speciﬁc etiology of VN
remains unclear, possible mechanisms include viral infection, vascular ischemic insults, autoimmune, or labyrinthitis.3 Oral corticosteroids and vestibular rehabilitation have
been shown efﬁcacious in the treatment of acute vestibular
loss.4,5 However, different populations displayed differential
prognosis despite receiving the same treatment.5,6 Thus,
identifying unique characteristics in different populations
and creating individually customized treatments are necessary. However, studies about the clinical features according
to different ages are scarce. In the study, we divided the
patients in four groups according to ages: adolescent group,
young adult group, middle-aged group, and senior group. We
now report a prospective study to compare the differences of
clinical features and outcomes in VN patients among different age groups.

Methods
Patients
The study was approved by the ethics committee in our
hospital. A total of 70 consecutive patients diagnosed with
acute unilateral VN were included initially from January 2017
to December 2018 at the department of otorhinolaryngology.
The diagnosis of VN was based on: (1) a single sudden onset of
sustained vertigo, (2) unidirectional spontaneous nystagmus
that has horizontal components or combination of torsional
components to the healthy side, (3) reduced caloric response
(canal paresis > 25%), and (4) absence of hearing loss and other
neurologic signs. The exclusion criteria were (1) central lesions
and (2) history of any other otologic disease.

Vestibular Testing
All the patients underwent pure-tone audiometry and a variable combination of objective vestibular tests, including the
random amplitude saccade, smooth pursuit, optokinetic, and
optokinetic after nystagmus. All testing was conducted in our
clinical vestibular laboratory, department of otorhinolaryngology, by two licensed audiologists. Testing was performed at
the time of initial patient presentation to our clinic.
Videonystagmography and binaural bithermal air caloric
tests were performed using Micromedical equipment (GN
Otometrics, Taastrup, Denmark). The maximum velocity of
the slow phase components of nystagmus evoked in each ear
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was analyzed to identify unilateral weakness and directional
preponderance as determined by Jongkees’ formula.7 Canal
paresis more than 25% was used as evidence of impaired
unilateral vestibular nerve function.
Otolith function was measured using air-conducted sound
(ACS) stimulation of cervical and ocular vestibular-evoked
myogenic potentials (cVEMP, oVEMP) (EclipsVemp, Interacoustic, Assens, Denmark). ACS with a 500-Hz short tone burst
(rise/fall time ¼ 2 ms; plateau time ¼ 2 ms) was used in a
soundproof examination room. A stimulus level of 123.5-dB
sound pressure level was used as the default starting intensity
to check whether the subject’s VEMPs could be elicited and to
identify the waveforms. For the cVEMP test, active electrodes
were placed on the upper half of the bilateral sternocleidomastoid muscles (SCMs), while reference and ground electrodes were placed on the suprasternal notch and forehead,
respectively. Each subject was instructed to sit with the
head rotated toward the ear not receiving the auditory stimulus. For the oVEMP test, the active electrode was placed 1 cm
below the lower lid margin of each eye in line with the pupil.
The reference electrode was placed 1 cm below the active
electrode, and the ground electrode on the midline of the
forehead. Each subject was asked to gaze upwards when
hearing sound from the inserted earphone. The results were
deﬁned as abnormal in the absence of VEMP response or more
than 40% of interaural amplitude difference ratio.
Video head impulse test (VHIT) was performed using the
ICS Impulse system (GN Otometrics). In a brightly lit room,
subjects sat on an ofﬁce chair and were instructed to ﬁx their
eyes on a small dark target on the wall at 1.5 m. Experienced
audiologists performed brief, abrupt, and unpredictable head
rotations on patients. At least 20 impulses with peak velocity
ranges of 100 to 250/s were collected from each canal. Individual vestibulo-ocular reﬂex (VOR) gains were automatically
calculated. A VHIT gain of < 0.8 for the horizontal canals
and < 0.7 for the vertical canals as well as the occurrence of
corrective saccades were considered pathologic.
Vestibular autorotation test (VAT) (Western Systems Research Inc., Pasadena, CA) was performed to assess vestibular
function over a frequency range similar to head movement
frequencies during functional activities. After cleaning with
alcohol, subjects were ﬁtted with ﬁve electrodes placed at the
outer canthus of each eye, above and below the left eye in a line
bisecting the middle of the pupil on primary gaze, and one
placed slightly above the bridge of the nose. Subjects were
instructed to move the head side to side in time with the tone
of the sound made by the computer while keeping the eyes
focused on the black dot. Target height was adjusted so that the
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relative position of the eyes in the orbit was always in the
horizontal plane. It is recommended to allow the patient to
practice at least twice before starting and recording the test
procedure. Horizontal head movement is performed ﬁrst
followed by vertical movement. The gain, phase in horizontal
and vertical direction together with asymmetry, is plotted
against the different frequencies. Low horizontal and/or vertical gain accompanied by a delay in phase was considered as
peripheral vestibular pathology.

Questionnaire Measures
To evaluate patients’ subjective dizziness, the Chinese version of the Dizziness Handicap Inventory (DHI)8 was used. A
normalized score was used as patients in the acute stage
were not able to answer all questions, for example, “Does
walking down the aisle of a supermarket increase your
problem?” The normalized score was calculated by dividing
the total score by number of questions answered. The questionnaires were administered during patients’ initial visits
and then regularly followed up during vestibular
rehabilitation.
The Chinese version of the Hospital Anxiety and Depression Scale (HADS)9 was used to measure state anxiety and
depression. For each scale, scores ranged from 0 to 21 (high
level of anxiety/depression). A cutoff score of 12 points was
used to screen for general psychological distress.

Vestibular Rehabilitation and Patient Follow-Up
Vestibular rehabilitation was started at the time of initial
patient presentation to our clinic. Rehabilitation program
was conducted under the guidance of a qualiﬁed physiotherapist. A vestibular suppressant was stopped before rehabilitation in all the patients. The patients were instructed to
rotate and move their head up and down while keeping their
eyes ﬁxed on a stationary target for 1 to 2 minutes three
times per day. After being familiarized with the exercise, the
patients were instructed to perform the same head movement with the eyes ﬁxed on the target moving in the opposite
direction. They were also given instructions regarding exercises to improve posture and gait, which were started after
VOR exercise. Balance exercises comprised 30 repeated
forward reaching exercises, 5 minutes of one leg standing,
and 5 minutes of tandem standing. After maintaining this
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posture, they were directed to attempt to march in place.
Further gait exercises comprised 10 minutes of continuous
walking and 5 minutes of tandem walking. If above exercises
could be performed without an issue, horizontal and vertical
head movements were then added during the gait exercises.
The physiotherapist adjusted the amount of exercise according to the patient’s individual symptoms. Once the patients
were familiar with the exercises, they were asked to repeat
the exercise at least three times per day for 4 months at
home.
The DHI questionnaire and VAT were performed to identify the recovery status of patients. The patients were
followed up at 1-month intervals using the questionnaire
and VAT until 4 months.

Statistical Analysis
Statistical analysis of the data was conducted with SPSS 18.0
(SPSS, Inc., Chicago, IL). The data were analyzed with Duncan’s multiple range test, the sign test, and the Kruskal–
Wallis test. The relationship between level of anxiety/depression and subjective dizziness score was analyzed using
multiple linear regression. Values are presented as the
mean  standard deviation (SD). A p-value lower than 0.05
was regarded as statistically signiﬁcant.

Results
The general complaints in our cohort include sudden onset of
rotary vertigo, imbalance, nausea, vomiting, palpitation, and
chest stufﬁness. The mean age of the 70 patients was
47.2  17.1, ranging from 10 to 76 years old. The patients
were divided into four groups according to their ages
(►Table 1). The sex ratios (male:female) were 3.5 in the
adolescent group, 0.643 in the young adult group, 1.375 in
the middle-aged group, and 0.583 in the senior group. The
prevalence of hypertension was identiﬁed as 4.3% in the
young adult group to 31.6% in the middle-aged group to
42.1% in the senior group, showing a signiﬁcantly increasing
sequence (p < 0.05; ►Table 1). The prevalence of diabetes
mellitus showed a signiﬁcantly increasing trend from young
adults (0%) to the seniors (31.6%, p < 0.05; ►Table 1). Patients
were ﬁrst evaluated in our department between 1 and
21 days from symptom onset (mean 10  11.6).

Table 1 Patient demographics
Adolescent

Young adult

Middle-aged

Senior

Age, y; mean  SD (range)

16.6  5.25 (10–29)

38.35  5.04 (30–45)

56.12  5.32 (46–64)

68.38  3.36 (65–76)

Clients, n

9

23

19

19

Male

7 (77.8)

9 (39.1)

11 (57.9)

7 (36.8)

Female

2 (22.2)

14 (60.9)

8 (42.1)

12 (63.2)

Hypertension

0 (0)

1 (4.3)

6 (31.6)

8 (42.1)

Diabetes

0 (0)

0 (0)

2 (10.5)

6 (31.6)

Sex, n (%)

Comorbidity, n (%)

Abbreviation: SD, standard deviation.
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Fig. 1 Caloric paresis percentages in different age groups
(mean  standard deviation [SD]). Percentages were calculated using
the vestibular paresis formula by Jongkees et al, which indicates the
extent of unilateral caloric paresis. Means with different letters are
signiﬁcantly different (sign test, p < 0.05).

All the patients showed unilateral caloric weakness on a
bithermal caloric test, whose mean (SD) canal paresis was
69.3 (20.8). When comparing the extent of vestibular paresis
in different age groups, the canal response was statistically
worse in the senior group than the other groups (►Fig. 1).
The abnormal rates of horizontal plane of VHIT ran from
77.8% (adolescent), to 91.3% (young adult), to 94.7% (middleaged), to 100% (senior), showing an increasing trend with
age, though not signiﬁcant (►Table 2). Similarly, as respect to
the anterior plane and posterior plane, the abnormal rates
increased with age, however, not signiﬁcant (►Table 2). The
abnormal rate of oVEMP was identiﬁed as 66.7% in the
adolescent group, 73.9% in the young adult group, 89.5% in
the middle-aged group, and 94.7% in the senior group
(p < 0.05; ►Table 2). Meanwhile, the abnormal rate of cVEMP
was 44.4% for the adolescents, 47.8% for the young adults,
47.4% for the middle-aged adults, and 57.9% for the seniors
(p > 0.05; ►Table 2). The percentage of patients with low
horizontal and/or vertical gain accompanied by a delay in
phase tested by VAT did not differ signiﬁcantly in different
age groups (►Table 2). All patients had a normal audiogram.
DHI scores at the time of initial patient presentation to our
clinic were comparable in the four groups. The sign test identiﬁed a signiﬁcant difference between prerehabilitation and

Fig. 2 Dizziness Handicap Inventory (DHI) scores before and after
rehabilitation in different age groups (mean  standard deviation
[SD]). Means with different letters are signiﬁcantly different (sign test
and Kruskal–Wallis test, p < 0.05).

postrehabilitation total DHI scores in all the groups (►Fig. 2).
The younger patients demonstrated a greater improvement
than patients in the senior group. Interestingly, adolescents
improved more than patients both in the young adult group and
middle-aged group (►Fig. 2). There was no signiﬁcant difference in the amount of change in DHI scores between the young
adult group and the middle-aged group (►Fig. 2).
HADS was the lowest in the adolescent group compared
with the older group, a signiﬁcant difference was identiﬁed
between the adolescent group and young adult group
(►Fig. 3A). An age-dependent decrease in scores on the
HADS was found in adults, though no signiﬁcant differences
revealed (►Fig. 3A). Ten (44%) patients were above the cutoff
score for psychological disorders in the young adult group, the
relative frequencies were 37% in the middle-aged group and
26% in the senior group. However, nobody demonstrated
clinically relevant level of psychological distress in the adolescent group (►Fig. 3B). Interestingly, DHI score at acute stage

Table 2 Vestibular testing results
Adolescent

Young adult

Middle-aged

Senior

Anterior plane

6 (66.7)

19 (82.6)

17 (89.5)

18 (94.7)

Horizontal plane

7 (77.8)

21 (91.3)

18 (94.7)

19 (100)

Posterior plane

3 (33.3)

9 (39.1)

8 (42.1)

12 (63.2)

6 (66.7)

17 (73.9)

17 (89.5)

18 (94.7)

4 (44.4)

11 (47.8)

9 (47.4)

11 (57.9)

8 (88.9)

22 (95.7)

18 (94.7)

19 (100)

Abnormal VHIT, n (%)

Abnormal VEMP, n (%)
oVEMP
cVEMP
Abnormal VAT, n (%)

Abbreviations: cVEMP, cervical vestibular-evoked myogenic potential; oVEMP, ocular vestibular-evoked myogenic potential; VAT, vestibular
autorotation test; VHIT, video head impulse test.
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Fig. 3 (A) Hospital Anxiety and Depression Scale (HADS) in different age groups (mean  standard deviation [SD]). Line over bars indicates
groups which were signiﬁcantly different (Duncan’s multiple range test, p < 0.05). (B) The relative frequencies of psychiatric disorders in each
group.

Fig. 4 Scatterplot showing the relationship between the Dizziness
Handicap Inventory (DHI) scores and Hospital Anxiety and Depression
Scale (HADS) scores in all the patients.

was signiﬁcantly correlated with HADS across all age groups
(r ¼ 0.597, p < 0.05) (►Fig. 4).

Discussion
Studies demonstrated VN to be the third most common cause
of vertigo, making up approximately 7% of adult vertigo cases10
and 5% of cases of pediatric vertigo.11 In our study, the
symptoms were similar between adolescents and adults. The
majority of patients had been evaluated by multiple other
physicians. However, none of the patients initially came to our
department with a diagnosis of VN made prior to their visit,
which implies the need for increased awareness of the features
and assessment of VN among frontline doctors.
Vestibular function tests are essential for locational and
qualitative diagnosis of VN. With the introduction of VHITs
and VEMPs, it became evident that both vestibular nerve
divisions could be affected.12 Meanwhile, atypical patterns
involving only ampullary ﬁbers or otolith afferents have been
described.12 Studies suggested the extent of vestibular impairment was important in recovery of VN.13,14 Indeed, in
our study, the canal response was statistically worse in the
elderly, probably due to the loss of inner ear function from
underlying pathology coupled with aging process,15 conse-

quently they demonstrated a lesser improvement in DHI
scores compared with younger patients. A recent study16
showed a signiﬁcant correlation between age and VOR gain,
the saccade proﬁle of normal subjects on the horizontal
VHIT. Moreover, both the cVEMP and oVEMP tests show an
age-related deterioration in the corresponding neural functions.17,18 However, our study did not ﬁnd signiﬁcant difference in the abnormal rates for VHIT and VEMP in different
age groups despite the increased abnormal trend with age
observed. Further studies with larger VN populations to
investigate VOR gain and saccade metrics in different age
groups are warranted.
All the patients received a combination of medical management and rehabilitation exercise. Clinical recovery, as
measured with DHI before and after treatment, demonstrated
signiﬁcant improvement among patients in all groups. When
comparing adolescents with adults, there was signiﬁcant
difference in terms of DHI improvement. This means that
the adolescent patients proﬁted especially in mobility, autonomy, and vestibular balance. The results were in accordance
with previous study,6 the striking difference in recovery was
likely the result of more efﬁcient vestibular compensation by
children. Indeed, besides the regular rehabilitation exercise,
children were more active than adults,19 showing a greater
range of head positions related to sports, and other recreational activities. Moreover, boys, accounting for 77.8% in the
adolescent group in our study, were more likely than girls to be
observed in vigorous-intensity physical activity.20
According to our study, the psychiatric comorbidity was
different among the four age groups (0, 44, 37, and 26%). In
comparison, a national survey of the U.S. general population
reported the prevalence of mood disorders was 3.7% in youth21
and 6.6% in adults.22 Our data was in accord with the previous
reports,23,24 psychiatric comorbidities, especially anxiety and
depression, are more common in patients with vestibular
disorders. The prevalence of anxiety and depression in adult
patients was striking, suggesting that our ﬁndings warrant
attention by health care providers. Indeed, it has been reported
that psychiatric disorders can delay the recovery of imbalance
and subjective dizziness after rehabilitation.4 In contrast to
adults, none of the adolescent patients displayed psychiatric
Journal of the American Academy of Audiology
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disorders. Accordingly, they showed dramatic improvement in
DHI. Our data also demonstrated an age-dependent decrease
in the portion of psychological diagnoses in the adult patients,
though the differences were not statistically signiﬁcant. Dietzek et al25 reported elderly patients suffering from dizziness
scored signiﬁcantly lower in HADS than the younger patients;
moreover, the elderly improved 6 months after therapy especially in Mobility Inventory when alone and in Vertigo Severity
Scale (vestibular-balance subscale). However, in our study, the
elderly did not show greater improvement in DHI than other
age groups. The inconsistency might be due to different patient
populations. The extent of vestibular paresis, evidenced by
statistically worse canal response in the elderly in our study,
had a signiﬁcant inﬂuence on the prognosis of static postural
stability.26 Moreover, besides the lateral peripheral lesion,
disequilibrium in the elderly often is multifactorial origin
including multisensory deﬁcits, as an increasing prevalence
of comorbidities was noted from the young adult to the elderly
in our study. Future studies with large sample size in selected
populations are needed to clarify the controversy.
According to our study, the total scores on the DHI showed
signiﬁcant positive correlations with HADS in all patients,
suggesting a strong relationship between psychological distress and dizziness handicap.24,27 Thus, besides the objective
vestibular function test in the patients, it stresses the demand to apply DHI to evaluate the self-perceived handicap of
balance system. If possible, every patient should get a
psychological evaluation as well. Comprehensive early diagnosis allows more targeted therapies at the early phase of a
vestibular injury.
There are several limitations to our study. First, our study
was limited by a small sample size, especially the relatively
small sample size in the adolescent group. Second, the efﬁcacy
of the treatments was inﬂuenced by the variability in the
timing of our initial evaluations of patients. Third, it might be
biased by the selection of patients showing compliance with
follow-up. Despite these limitations, our data showed striking
differences for VN patients among different age groups, and
highlight that clinicians should look for anxiety/depression
more aggressively in all patients with VN.

Conclusion
In conclusion, VN patients in different age groups showed
different characteristics. The caloric response was statistically better for younger patients compared with the elderly.
The younger patients demonstrated a greater improvement
than patients in the senior group, among whom adolescents
improved the most; meanwhile, psychological factors played
a minor role in adolescents. Self-perceived disability-handicap positively correlated with anxiety and depression in all
patients. In the future, age-related multimodal therapeutic
interventions have the potential to prevent further chroniﬁcation and induce persistent improvement.
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