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AbstrACt
Introduction Benign paroxysmal positional vertigo (BPPV) 
is recognised as the leading cause of peripheral vertigo 
in adults. The canalith repositioning procedure (CRP) can 
be used for effective treatment of BPPV. However, some 
patients experience residual dizziness (RD) even after 
successful CRP, resulting in a significant negative impact 
on their daily function and quality of life. Exercise-based 
vestibular rehabilitation (VR) has been proven as an 
effective method for managing dizziness and has been 
applied in patients with various vestibular disorders. 
However, the efficacy of VR to specifically target RD 
post-BPPV is unknown. This study aims to investigate 
the efficacy of VR, compared with betahistine or VR 
plus betahistine treatment, in the treatment of patients 
experiencing RD after successful CRP.
Methods and analysis A randomised single-blinded 
controlled trial will be carried out to determine the efficacy 
of VR compared with betahistine or VR plus betahistine 
treatment in mitigating RD and improving balance function. 
Patients with BPPV who experience RD after successful 
CRP will be recruited. Participants will be randomised into 
one of three groups to receive VR, betahistine or VR plus 
betahistine. There will be 61 participants in each group. 
The primary outcomes will be changes in the patient’s 
daily function as measured by the Vestibular Activities and 
Participation questionnaire and balance ability assessed 
by computerised dynamic posturography. The secondary 
outcomes will be dizziness-related handicap, otolith 
function and duration of RD symptoms. Outcome measures 
will be noted at baseline and at 2, 4 and 8 weeks post-
randomisation. This study has the potential to reduce 
unnecessary anti-vertigo drug prescriptions and may lead 
to a general consensus regarding the use of VR as a first-
line treatment for RD in patients with BPPV.
Ethics and dissemination This trial received ethical 
approval from the Institutional Review Board of Eye and 
ENT Hospital of Fudan University (reference number 
2017046). The study results will be disseminated via peer-
reviewed journals and conferences.

trial registration number NCT03624283; Pre-results.

IntroduCtIon
Benign paroxysmal positional vertigo (BPPV) 
is the leading cause of peripheral vertigo, with 
a prevalence of 10.7–64 per 100 000 people 
and a lifetime prevalence of 2.4%.1 The time 
at onset is most commonly between the fifth 
and seventh decade of life, but BPPV can 
occur at any age.2 Two hypotheses, involving 
cupulolithiasis3 and canalithiasis,4 are among 
the most widely accepted hypotheses that 
elucidate the pathophysiology of BPPV. The 

strengths and limitations of this study

 ► To the best of our knowledge, this is the first ran-
domised controlled trial to evaluate the effects of 
vestibular rehabilitation (VR), compared with beta-
histine or VR in addition to betahistine, on managing 
residual dizziness after successful canalith reposi-
tioning procedure in patients with benign paroxys-
mal positional vertigo.

 ► Both subjective and objective outcome measures 
will be comprehensively assessed with a reason-
ably long follow-up period. In particular, patients’ 
activities and participation aspect based on the 
International Classification of Functioning, Disability 
and Health framework will be evaluated. Such a trial 
will be able to fully reflect the efficacy of the pro-
posed intervention.

 ► For practical reasons, there will be no control group 
with sham, placebo or no treatment in this study; 
therefore, the study will not be useful to determine 
whether participants improve spontaneously or to 
determine the mechanisms by which the three in-
terventions may function to alter outcomes.
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hypothesis involving canalithiasis has gained wider accep-
tance in the scientific field because it offers a better expla-
nation of the symptoms.5 According to the canalithiasis 
hypothesis, BPPV is caused by free otoconia dislodging 
from the utricular macula and entering the semicircular 
canal, which promotes inappropriate flow of endolymph 
whenever the head is rotated in the plane of the affected 
canal.4 Although any of the three semicircular canals can 
be affected, the posterior semicircular canal is the most 
common, followed by the horizontal canal. Treatment for 
BPPV consists of the canalith repositioning procedure 
(CRP) with the aim of repositioning the displaced parti-
cles from the affected canal to their original location.6 
The CRP has long been a mainstay therapy and is now 
well established as the gold treatment for BPPV.7 Poste-
rior canal BPPV can be treated by performing Epley’s 
manoeuvre or Semont’s liberatory manoeuvre. For hori-
zontal canal BPPV, barbecue rotation or the Gufoni 
manoeuvre have been demonstrated to be effective.

Despite the fact that the CRP can provide rapid relief 
of vertigo in patients with BPPV, residual symptoms may 
remain even after the disappearance of typical vertigo 
and nystagmus following a successful CRP. These residual 
symptoms, also referred to as residual dizziness (RD), 
imply a non-specific sensation of unsteadiness, lighthead-
edness, disorientation, fogginess, or drowsiness.8 The 
reported incidence of RD ranges from 29.6% to 76.9%, 
and the duration of RD can range from a few days to 
several months.8–12 Several authors have reported that 
RD symptoms may persist for >3 months,13 14 resulting in 
adverse physical and psychological consequences.

Different pathophysiological mechanisms have been 
proposed to explain the presence of RD, but the cause 
remains unknown. Previous studies have suggested the 
following possible explanations: (1) the persistence of 
debris in the canal is insufficient to provoke detectable 
positional nystagmus or vertigo11; (2) otolith dysfunc-
tion15 16; (3) coexisting vestibular disease that leads to 
incomplete central adaptation; (4) potential autonomic 
dysfunction such as orthostatic hypotension17 and (5) 
persistent postural-perceptual dizziness.18

Dizziness increases the risk of falls or fear of falling, 
disturbs daily life and results in restriction of social activ-
ities. As a result, many patients with BPPV tend to avoid 
certain activities, limit their movement and avoid specific 
circumstances due to fear of provoking dizziness and 
unanticipated unsteadiness attacks.19 It is not surprising 
that increased postural instability has been documented 
in patients who experience RD.20 21 Given the high preva-
lence of RD after successful repositioning and its negative 
impact on patient recovery, this impairment should be 
managed properly.

To date, there is no consensus regarding how to effec-
tively manage RD after successful CRP in patients with 
BPPV. Betahistine is the most widely used medication 
to ameliorate dizziness due to its effects of increasing 
labyrinthine microcirculation as well as suppressing the 
increased neuronal activity in vestibular receptor cells, 

afferent neurons and vestibular nuclei.11 22 However, 
conflicting data exist regarding the efficacy of betahistine 
for preventing or treating RD. Guneri et al23 evaluated 
the efficacy of betahistine in reducing symptoms after 
Epley’s manoeuvre for posterior canal BPPV; they found 
that 48 mg of daily betahistine was more effective than 
Epley’s manoeuvre alone or combined with a placebo in 
improving symptoms as assessed by four different vertigo 
symptoms scales. In contrast, Acar et al24 carried out a 
randomised controlled clinical trial to investigate the 
efficacy of betahistine (compared with a no medication 
group) for the treatment of RD after successful CRP. After 
3 and 5 days of treatment, the mean Dizziness Handicap 
Inventory (DHI) scores of the groups receiving medica-
tion did not differ from the mean DHI score of the control 
group, indicating that betahistine did not produce greater 
alleviation of RD than did no treatment. However, both 
studies have unclear randomisation sequence generation 
and allocation concealment and only included subjective 
outcomes. These results suggest that clinical trials with 
more rigorous methodology and that include compre-
hensive outcome assessments are warranted.

Recently, non-pharmacological interventions such as 
vestibular rehabilitation (VR) have been recommended as 
the first line treatment for chronic vertigo.22 VR, which has 
been available since the 1940s, is an exercise-based treat-
ment consisting of varied eye, head and body movements 
designed to stimulate the vestibular system and optimise 
vestibular compensation.25 The current VR approach 
typically includes a combination of three different exer-
cise components to address the impairments or func-
tional limitations identified during evaluation: (1) gaze 
stability exercises; (2) habituation exercises, including 
optokinetic exercises and (3) balance and gait training 
in different conditions.26 The aim of VR is to improve the 
visual-vestibular interaction and increase balance ability. 
It is also proven to improve daily function and reduce the 
symptoms of dizziness.26 The mechanism underlying its 
efficacy is thought to rely on the following three aspects: 
(1) compensation/habituation, a central process refer-
ring to the concept that repeated exposure to a provoca-
tive stimulus will result in a reduction in the symptomatic 
response to that treatment27; (2) adaptation, which is the 
recovery of dynamic vestibulo-ocular responses due to the 
ability of the vestibular system to make long-term changes 
in the neuronal response to input and (3) substitution, 
which is the use of other strategies to replace the lost 
function.28

The updated evidence-based clinical guideline of the 
American Academy of Otolaryngology-Head and Neck 
Surgery Foundation (AAO-HNSF) indicates that the clini-
cian should offer VR as treatment for BPPV, stating that 
although movement/habituation based VR should not 
be a first-line treatment modality for BPPV, it is indicated 
for patients who experience persistent disability following 
CRP.29 VR is particularly indicated in subjects with addi-
tional impairments, such as non-specific dizziness and 
heightened fall risk.7 A Cochrane review30 was conducted 
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to assess the efficacy of VR in patients with symptomatic 
unilateral peripheral vestibular dysfunction; this included 
eight studies investigating VR in BPPV specifically. This 
review supports the contention that the primary interven-
tion for BPPV should be CRP that directly treat the condi-
tion, but movement/habituation-based VR will further 
aid and benefit long-term functional recovery. A more 
recent review by Bressi et al31 proposed that a hierarchy 
of interventions should be offered to patients with BPPV, 
starting with CRP and followed by post-treatment exer-
cises. The findings also indicated that CRP and VR seem 
to have a synergic effect in patients with BPPV.31

While previous studies have shed light on the benefits 
of VR in BPPV patients, to date, no randomised clinical 
trial has been conducted to specifically investigate VR, 
with or without betahistine, in treating RD following CRP 
in patients with BPPV. This study has been designed with 
the broad aim of verifying the efficacy of VR as a first-
line treatment option for RD. It conforms to the current 
recommendations for best clinical practice with respect to 
the implementation of VR for persons with impairments 
and functional limitations related to vestibular deficit.26 
We hypothesise that participants in the VR group will 
exhibit fewer activity and participation restrictions and 
less balance dysfunction than participants in the beta-
histine group. Moreover, we expect that participants in 
the VR group will experience shorter durations of RD, 
reduced dizziness-related handicaps and enhanced 
recovery of otolith dysfunction. We also hypothesise that 
the effects of VR alone will be non-inferior to a combi-
nation of VR and betahistine in terms of the outcome 
measurements mentioned above.

MEthods And AnAlysIs
study design, setting and participants
This study was designed as a randomised controlled 
prospective single-blinded study. Outcome assessment 
will be conducted by two researchers who are blinded to 
group allocations.

The study setting is the largest ear, nose and throat 
(ENT)-specialised hospital in China. The hospital serves 
a population of ~23 million persons in Shanghai. It also 
serves as a referral centre accepting patients from all over 
the country.

The eligibility criteria are as follows: (1) diagnosis of 
unilateral BPPV (unilateral posterior semicircular canal 
BPPV or horizontal semicircular canal BPPV) according 
to the clinical practice guideline by AAO-HNSF in 2017,29 
(2) age 18–80 years and (3) residual symptoms after 
successful repositioning manoeuvres. Participants will be 
excluded if they (1) are confirmed to have anterior semicir-
cular canal BPPV or multi-canal BPPV; (2) are confirmed 
to have recurrent BPPV; (3) are diagnosed with coex-
isting vestibular disorders, including Meniere disease, 
vestibular neuritis, labyrinthitis and peripheral vestibular 
loss; (4) are diagnosed with severe cervical spine disease; 
(5) are diagnosed with severe cardiovascular disease; (6) 

are diagnosed with known cerebral vascular disease such 
as carotid stenosis; (7) are pregnant/lactating or plan-
ning to become pregnant during the study period or (8) 
have taken vestibulosuppressants, antihistamines and/or 
ototoxic medications in the previous 3 months.

Procedure
Patients who are suspected of having BPPV and visit an 
ENT specialist are potentially eligible for this study. They 
will undergo a Dix-Hallpike test, a roll test, and an anterior 
canal provoking test to confirm whether they are expe-
riencing solely unilateral posterior canal or horizontal 
canal BPPV. After diagnosis by an ENT specialist, poste-
rior canal BPPV will be treated using Epley’s manoeuvre 
or Semont’s liberatory manoeuvre, while horizontal canal 
BPPV will be treated with barbecue rotation manoeu-
vres. The same physiotherapist will apply both the 
testing procedure and the CRP manoeuvre. The CRP is 
repeated up to three times over the course of 1 day. After 
a successful repositioning manoeuvre, patients will be 
asked to complete a DHI test. Patients who fail to respond 
when up to three CRPs have been performed will not be 
included in this study.

On the second day following successful CRP, a lead 
investigator will contact the patient by either telephone 
or Webchat. Patients will be asked whether they are expe-
riencing residual symptoms. If yes, they will be initially 
screened via telephone interview, and those who meet 
the inclusion criteria will be invited to participate in the 
study. A face-to-face interview will be arranged for patients 
who express an interest in the trial, written informed 
consent will be obtained from candidates who agree to 
participate. After obtaining written consent, the principal 
investigator (Li HW) will fully review the participant’s 
medical history and perform a physical examination and 
videonystagmography (VNG) including a caloric test to 
exclude any central nervous system pathologies or other 
vestibular diseases. The diagnostic test for BPPV will be 
repeated to confirm that the exclusionary characters 
are negative. Pure-tone audiometry and tympanometry 
will be checked. Gait and balance will also be assessed 
(Romberg, sharpened Romberg). Whenever necessary, 
an imaging exam such as a CT scan or MRI will be used 
to exclude cerebellar disorders. The purpose of the 
above-mentioned examination is to confirm the diagnosis 
and validate the homogeneity of all participants who take 
part in the study. After eligibility screenings, participants 
will be randomly allocated to one of three groups: Group 
A patients will perform VR exercises; Group B patients 
will be prescribed betahistine and Group C patients will 
be offered both VR and betahistine. Outcome measure-
ments will be noted at baseline and at 2, 4 and 8 weeks 
post-randomisation. Outcome measurements will be 
executed by two independent researchers; one will be 
responsible for apparatus-based measures and another 
for subjective data collecting. Both researchers will be 
unaware of the treatment assignment until the end of the 
study. A study flowchart is provided in figure 1.
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randomisation and blinding
Participants will be randomly assigned to three groups 
of 61 persons each. The randomisation process will be 
carried out by an internet-based randomisation tool 
provided by the China clinical trial registration centre. 
The website is accessible to the public via http://www. 
medresman. org/ login. aspx. The randomisation sequence 
will be generated automatically when the administrator 
logs into the website and requests the allocation number 
(once an eligible patient is recruited). Participants will 
be randomly allocated at a ratio of 1:1:1 and stratified by 
sex and age (≤60 years, >60 years). As the randomisation 
is on-line and automatic, neither the researchers nor the 
patients can manipulate which treatment the patients will 
receive; this ensures that group allocations are randomly 
assigned.

Since VR is an operational intervention, it is not possible 
for either the patients or the physiotherapists and physi-
cians to be blinded to allocation. However, two indepen-
dent researchers will contact the patients to collect both 
subjective and apparatus-based data. The statistician of 
our trial team will remain blinded until the statistical 
analyses are complete.

Interventions
Participants in Group A (VR group) will perform VR 
exercises twice a day, 7 days per week, over a period of 
4 weeks. The exercise protocol was developed based on 
clinical experience and adapted from previous studies32 33 
in which vestibular stimulation exercise was demonstrated 
to improve balance ability and functional performance 
among BPPV patients who had undergone CRP. A dedi-
cated physiotherapist (Wu PX) drafted the initial protocol. 
The content was reviewed by three experts with experi-
ence in caring for patients with chronic dizziness and was 
then piloted with two female and two male patients who 
have experienced RD post-BPPV. Participants reported 
no difficulties in practicing these exercises. The protocol 
primarily consists of three categories: oculomotor exer-
cises, head movement exercises, and gait and balance 
training (table 1).

The difficulties of the tasks in each session are set 
according to each participant’s balance performance 
(as measured by computerised dynamic posturography 
(CDP)) or tolerance to vestibular stimulation. We 
intend to make the tasks progressively challenging. The 
approaches used to increase the level of difficulty will be 

Figure 1 Study flowchart.

http://www.medresman.org/login.aspx
http://www.medresman.org/login.aspx
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as follows: (1) increasing the velocity of exercise perfor-
mance; (2) changing target distance (near to far) while 
performing VOR×1; (3) placing the target in a distracting 
visual pattern; (4) performing the exercises with eyes 
open, then with eyes closed; (5) altering the surface from 
solid to foam and (6) performing dual tasks such as doing 
math or talking on a cell phone while walking.

The VR protocol involves one office-based session per 
week conducted by a skilled physiotherapist (Wu PX) at 
the clinic and home-based exercises for the remaining 
6 days of the week. Compliance will be assessed during 
home exercise; an exercise diary outlining the time and 
duration of each exercise is required to be filled out 
every week. A video and booklet have been developed 
illustrating the programme and will be used as guides 
when participants carry out exercise at home. Figures 2 
and 3 present the screenshots of the training video; 
written consent from the person in the video has been 
obtained. During the first clinical visit, the physiothera-
pist will provide adequate supervised VR for the patients 

to help them understand the goals of the programme and 
methods to manage their own progress independently. 
Patients will be instructed not to start any new physical 
activity during the study period.

Participants in Group B (betahistine group) will be 
prescribed betahistine 12 mg (manufactured by Wei 
Cai China Pharmaceutical Co.) (two tablets taken two 
times per day for 4 weeks). Participants will be asked 
not to take any other types of antivertiginous medicine 
during the course of the study; in such a case, the patient 
should inform his/her ENT specialist. The pharmacy 
department of the study hospital will be responsible for 
dispensing betahistine to each participant. There are 30 
tablets in one prescription package. Four packages will be 
prescribed at the commencement of treatment. During 
the first two follow-up visits (2 and 4 weeks post-randomis-
ation), participants will be asked to bring their drug pack-
ages and the specialist will count the remaining tablets; if 
the participant fully adheres to the protocol, eight tablets 
should be left at the fourth week follow-up visit.

Table 1 Overview of the vestibular rehabilitation programme

Components Movements Rationale

Oculomotor 
exercises

VOR×1
VOR×2
Smooth pursuits
Saccades

Improve gaze stability and VOR gain 
adaptation

Head 
movement 
exercises

Shaking the head right and left, nodding the head up and down, 
and circumducting the head clockwise and counter clockwise while 
maintaining focus on a visual target

Habituate vestibular responses and 
relieve symptoms

Gait and 
balance 
training

Static standing on varied base of support (feet apart, feet together, semi-
tandem, tandem)
Static standing with different arm positions (arms away from body, arms 
close to body, arms reaching forward, arms tossing a ball)
Sitting to upright
Sitting upright then bending down to pick up objects
Walking with yaw head movement
Walking with pitch head movement
Tossing a ball above the eye level while walking
Tandem walking on a level surface
Tandem walking on a foam surface

Facilitate the vestibulospinal 
response, improve postural stability 
and regain balance and physical 
function

VOR, vestibulo-ocular reflex.

Figure 2 Screenshot of head movement exercises in the 
training video. Figure 3 Screenshot of gait exercise in the training video.
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Participants allocated to Group C (VR plus betahistine 
group) will receive a combination of the VR and betahis-
tine protocols as described above.

Adverse events
Adverse events are rare while performing VR. However, 
patients will be instructed to report any complaints or 
symptoms occurring during or after the exercises. The 
following symptoms are considered as signs to stop or 
modify the VR protocol: vomiting, nausea or muscle sore-
ness; a sharp or prolonged pain sensation in the neck, 
arms or legs; a sensation of ear fullness, hearing loss or 
tinnitus; double vision or fainting.

The tolerability for betahistine is reported to be good.34 
Major possible side effects include gastrointestinal system 
disturbances and headache.35 In this study, participants 
will be encouraged to report any adverse events after 
betahistine intake. The investigator will routinely contact 
the participant once per week and ask if any unexpected 
symptoms have appeared. Any adverse events likely 
caused by betahistine during the trial will be recorded 
and reported to the Adverse Drug Reaction administra-
tion of the Eye and ENT Hospital of Fudan University 
within 48 hours.

Withdrawal/retention of participants
Participation in this study is voluntary and participants 
have the right to withdraw at any time. However, we will 
use the approaches recommended by Dziura et al36 to 
improve adherence to the intervention protocols and 
minimise attrition rates. These include data collection 
that does not require clinical appointments, a reimburse-
ment mechanism for extra auxiliary examination fees to 
encourage study completion, and the provision of weekly 
phone-call contact during the trial. Any concerns, such 
as unexpected symptoms, as well as logistic issues such as 
travelling to the clinic or parking issues will be evaluated 
during each telephone consultation. In rare cases, partic-
ipants may withdraw owing to unforeseen circumstances. 
Every reason for withdrawal will be recorded.

outcome measures
Evaluating therapeutic success in patients experiencing 
vestibular disorder is often difficult due to the complexity 
of this condition and the lack of specific apparatus-based 
parameters. Various measurements have been utilised; 
however, no consensus has been reached as to which 
aspects should be addressed. An international group 
of investigators and healthcare providers developed 
a core set based on the International Classification of 
Functioning, Disability and Health (ICF) framework 
that illustrates key aspects of functioning that should 
be measured when assessing patients with vertigo, dizzi-
ness, and imbalance.37 Of these, two main domains are 
included: (1) body function and structure and (2) activity 
and participation. A recently published evidence-based 
clinical practice guideline has made recommendations 
for specific rehabilitation outcome assessment by using 

recommended measures from across the ICF domains.26 
In the current study, ICF-based activity and participation 
aspect and apparatus-based measures will be included to 
provide a full overview of the efficacy of VR on managing 
RD after successful repositioning in BPPV patients.

Primary outcomes
The primary outcomes will focus on patients’ daily func-
tional aspects and balance ability, which include:
1. The participant’s activity and participation as quanti-

fied by the Vestibular Activities and Participation (VAP) 
scale. The VAP is a 34-item self-reporting questionnaire 
based on the ICF framework to evaluate the effect of 
dizziness and/or balance problems on the ability to 
perform activity and participation tasks.38 The difficul-
ty of each task (without assistance from other persons) 
is rated. Each item of the VAP is scored on a five-point 
scale indicating the level of difficulty; 0 refers to no dif-
ficulty and 4 indicates inability to complete the task. A 
total score is obtained by calculating the average item 
scores after excluding the ‘not applicable’ responses. 
Previous studies have established the cross-cultural va-
lidity of the VAP.39 We recently completed the trans-
lation and validation of a Chinese version of the VAP.

2. Balance function, as measured by CDP (Equitest, 
NeuroCom International, Inc.). The Sensory 
Organisation Test (SOT) of CDP evaluates the ability 
of subjects to use vision (vestibular and somatosenso-
ry) to maintain their balance.40 Six increasingly chal-
lenging conditions (from SOT1 to SOT6) that disrupt 
portions of balance sensory input or visual surround-
ings are provided to evaluate balance. An Equilibrium 
Score (ES) for each condition is calculated by compar-
ing the angular difference between the subject’s cal-
culated maximum and minimum sagittal plane body 
sway to a theoretical maximum displacement (12.5°). 
In terms of overall performance, a Composite Score 
(CS) is given as an estimate of postural stability: a CS 
score near 100% indicates little sway, while scores ap-
proaching 0% confirm instability or a fall. The ES for 
each test condition from SOT1 to SOT6 and the CS 
will be used for analysis in this study. The values are 
considered abnormal when the score is lower than the 
age-specific norm data.

Secondary outcomes
The secondary outcomes will include dizziness-related 
handicap, recovery of otolith dysfunction and duration 
of symptoms.
1. Dizziness-related handicap as measured by the DHI. 

The DHI has been widely used as a reliable tool for 
evaluating the self-perceived handicap effects imposed 
by vestibular system disease and has been translated 
to Chinese and standardised by Ding et al.41 The DHI 
consists of 25 self-assessment items that can be broken 
down into three subscales: physical, emotional and 
functional. Total scores of the DHI range from 0 to 100 
with increasing scores indicating greater perception of 
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handicap due to dizziness. It has been widely used as a 
reliable and valid tool for assessing the harmful effects 
of dizziness on quality of life for patients including 
those with BPPV.42

2. Recovery of otolith function as analysed by Vestibular 
Evoked Myogenic Potentials (VEMPs). VEMPs are now 
established as a clinical test of otolith function. The 
cervical VEMP (cVEMP) is used to assess inferior nerve 
otolith function (testing mainly saccular function), 
while the ocular VEMP (oVEMP) is believed to exam-
ine superior nerve otolith function (testing mainly 
utricular function). Previous studies16 43 identified that, 
in patients with BPPV who underwent successful CRP, 
the occurrence of residual symptoms was correlated 
with oVEMP abnormalities; this suggests that utricular 
dysfunction is responsible for RD presence. In con-
trast, another study found that BPPV patients with sac-
cular dysfunction experienced more significant effects 
than did those with utricular dysfunction.42 Therefore, 
in this study, both cVEMP and oVEMP will be recorded 
using the Bio-Logic Navigator Pro V.9.0 (Natus Med-
ical, San Carlos, California, USA) system. The proce-
dure will be performed in a sound-proof room. The 
methodology is reported in detail elsewhere.44 Otolith 
dysfunction in our patients will be defined as a lack of 
unilateral responses in cVEMPs or oVEMPs.

3. Duration of symptoms as reported by patients. During 
the trial period, a researcher will contact the partici-
pants once per week to ask how many days they expe-
rienced symptoms in the previous week. By the end of 
the study, the number of days per week with reported 
symptoms will be summed to represent the duration of 
symptoms.

time-points of outcome measurements
Outcome measurements will be performed at baseline 
and at three follow-up visits. Baseline assessments will be 
performed on the second day following successful CRP. 
Demographic and clinical data collected will include: age, 
sex, education, employment, marital status, coexisting 
systemic diseases, date of onset, duration of symptoms 
from onset to treatment, affected ear and canal and the 
number of CRPs performed. Participants are required to 
return to the clinic at 2, 4 and 8 weeks post-allocation. 
They will fill out the same questionnaires (VAP and DHI) 
at each follow-up, while the CDP and VEMPs will only be 
repeated when the previous exam indicates abnormality. 
The schedule of enrolment, interventions, and outcome 
assessments are presented in table 2.

sample size calculation
The study sample size was based on the VAP measure (one 
of the primary outcomes), which is a useful clinical tool 
for assessing a patient’s limitations in activities and partic-
ipation due to vertigo, dizziness and unsteadiness. The 
validation of VAP in patients who complained of dizziness 
or imbalance showed the minimum detectable change 
(MDC) for the VAP was 0.58, with an SE of 0.21.39 In this 

study, a VAP difference of 0.6 will be considered clinically 
meaningful. Thus, to detect an MDC of 0.6 for the VAP 
with 80% power (alpha level of 0.05, two-tailed test), 55 
subjects per group will be required. Although there are 
three groups in this study, controlling for the type I error 
rate is not needed because our hypotheses are: (1) VR 
will be superior to betahistine (Group A vs Group B) and 
(2) VR will be non-inferior to VR plus betahistine (Group 
A vs Group C); therefore, only two comparisons will be 
executed. Allowing for a 20% loss during the follow-up 
period, a total sample of 183 (61 per group) will be 
required for the current study.

data analysis
Statistical analyses will be completed using IBM SPSS 
Statistics for Windows (SPSS V.22.0) and the level of 
significance will be set at p<0.05. First, a descriptive anal-
ysis will be conducted to determine outliers and the distri-
butions of the data. The three groups will then be analysed 
with respect to baseline values. Analysis of the outcome 
measures will be based on the conservative intention-to-
treat (ITT) approach; moreover, as a secondary analysis, 
a per protocol analysis will also be performed. Drop-out/
attrition is anticipated. We will examine the structure 
and pattern of missing data and, if appropriate, multiple 
imputation methods will be used in both the ITT and the 
per-protocol analyses.

The main analysis of change in the primary outcomes 
(VAP score and SOT composite) will use mixed-model 
with repeated measures (MMRM) analyses of variance 
(ANOVAs), with group and time as fixed effects and 
subject as a random effect. Mathematical transfor-
mation or categorisation of raw scores will be under-
taken to meet the distributional assumptions that are 
required in MMRM models. Models will adjust for 
age, sex and other baseline potential confounders. 
Secondary outcomes include both continuous data 
(DHI score, duration of symptoms) and dichotomous 
data (otolith function, defined as normal or abnormal). 
Analysis of secondary outcomes will be conducted using 
MMRM ANOVAs for continuous outcomes or logistic 
regression for dichotomous data, again controlling for 
baseline potential confounders. Statistical analysis will 
be carried out by a statistician from Fudan University 
Medical School, who will be blinded to group alloca-
tions and the study hypotheses. To achieve blinding, all 
participants will be anonymised and study groups will 
be coded as A, B, C.

study status and recruitment
This is protocol V.3.0, updated 20 February 2019. The 
planned date of first enrolment is 1 April 2019. The esti-
mated time required for recruitment is 15 months. The 
total duration of this study is expected to be 23 months, 
including statistical analysis and drafting of the study 
results.
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data management
The Data Safety and Monitoring Board (DSMD) has 
been organised. The DSMD will monitor the day-to-day 
running of the trial, review the accumulation data, check 
the database integrity and be responsible for carrying 
out interim analyses. The DSMD consists of five persons: 
a chair, a statistician, a methodologist experienced in 
research with BPPV, a clinical expert and a patient repre-
sentative. All members are independent of the study 
sponsor and report no competing interests. The DSMD 
will meet approximately once per month from the start 
of the trial. The trial sponsor will compensate DSMD 
members for their time and effort, similar to the compen-
sation provided to other trial support personnel.

For data collection, an electronic case report form 
has been designed to record all of the data at baseline 
and the three follow-up visits during the trial. Electronic 
data will be stored on a public platform at http://www. 
medresman. org, which is sponsored by the China Clin-
ical Trial Registry. The database uses standard techniques 
to provide security. Access to the database is controlled 
by user names and encrypted passwords. Individual 

participant data (IPD) will be made public at 6 months 
after the completion of the study via the IPD sharing 
platform.

Patient and public involvement
Patients and the public were not involved in the design 
of this study. However, we have consulted with a patient 
representative about his views on how best to involve 
patients throughout the proposed project. His views have 
been incorporated into our revised protocol. Patients and 
the public will be informed of the study results via peer-re-
viewed journals or academic conferences.

EthICs And dIssEMInAtIon
We plan to publish the study findings in peer-reviewed 
academic journals. We also intend to present this study 
at local, national, and international conferences where 
possible. Furthermore, we will draft a summary of the 
study results to be posted on the website of Eye and ENT 
hospital that can be accessed by all trial participants as 
well as relevant interest groups.

Table 2 Schedule of enrolment, interventions and outcome assessments

Study period

Screening 
and eligibility/
allocation Post-allocation Close-out

Time-point T0 T1 T2 T3

(D=day, W=week) D2 W2 W4 W8

Eligibility screening ✓

  Medical history review ✓

  Physical and VNG examination ✓

Informed consent ✓

Demographic and clinical characteristics ✓

Allocation ✓

Interventions

  VR (Group A)

  Betahistine (Group B)

  VR plus betahistine (Group C)

Assessments of outcome variables

  VAP ✓ ✓ ✓ ✓

  CDP ✓ ✓/* ✓/*

  DHI ✓ ✓ ✓ ✓

  oVEMP ✓ ✓/* ✓/*

  cVEMP ✓ ✓/* ✓/*

  Symptom duration ✓ ✓ ✓

 *Test is only repeated when the previous exam indicates abnormality.
CDP, computerised dynamic posturography; cVEMP, cervical vestibular-evoked myogenic potential; DHI, Dizziness Handicap Inventory; 
oVEMP, ocular vestibular-evoked myogenic potential; VAP, Vestibular Activities and Participation; VNG, videonystagmography; VR, vestibular 
rehabilitation.

http://www.medresman.org
http://www.medresman.org
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