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Abstract This retrospective study was conducted to

determine the relationship between variable factors and the

recurrence rate of post-semicircular canal benign parox-

ysmal positional vertigo (PSC-BPPV) after canalith repo-

sitioning procedure (CRP). Patients with PSC-BPPV were

diagnosed by history and the presence of a positive Dix–

Hallpike maneuver between 2008 and 2010. In total, 243

patients (47 males and 196 females, average age = 57.5 -

years) treated with Epley’s maneuver or canalith reposi-

tioning procedure (CRP) were included in the study. The

demographic factors studied were age, sex, sleep disorders,

inner ear diseases, head trauma history, and cardiovascular

diseases. Multivariate statistics using SPSS version 15,

Pearson’s Chi-squared test (v2), Kaplan–Meier analysis,

log-rank test, and Cox proportional hazards regression

model were used for the analysis. The success rate of

vertigo control after the initial CRP was 83.1 %. Pearson’s

v2 test results showed that females and participants with

sleep disorders exhibited a significant difference in the

recurrence of vertigo after the initial CRP. In addition, the

Kaplan–Meier analysis and log-rank test survival analysis

revealed that the recurrence was associated with females

and participants with sleep disorders and inner ear diseases.

However, Cox proportional hazards regression showed no

differences in recurrences associated with old age, sex,

sleep disorders, inner ear diseases, head trauma, and car-

diovascular diseases. Epley’s maneuver or CRP is an

effective, safe, and simple treatment for BPPV. Females

and participants with sleep disorders and inner ear diseases

are likely associated with the recurrence of BPPV after

CRP.

Keywords Sleep disorders � Post-semicircular canal

benign paroxysmal positional vertigo (PSC-BPPV) �
Canalith repositioning procedure (CRP) � Epley’s

maneuver

Introduction

Dizziness is a major complaint of elderly people. The most

common cause (approximately 26 %) of dizziness reported

in elderly patients is benign paroxysmal positional vertigo

(BPPV) [1]. The prevalence of BPPV increases with age

[2–4]. BPPV is observed in approximately 20 % [5] of

patients with dizziness and contributes up to 43 % of the

patient population in otology clinics [4]. BPPV is exacer-

bated by sudden head movements, especially when lying

down, bending forward (e.g., when tying shoes), turning on

the bed, looking upward, or reaching for high objects

(bookshelf syndrome). The attack duration is typically brief

(\60 s), and the most prominent symptom of BPPV is

vertigo occurring when a patient rolls into a lateral position

on a bed [6].

Although the etiology of BPPV is mostly idiopathic

(approximately 50–70 %) [7], an increased susceptibility
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of the condition is likely caused by head and neck traumas,

advanced age, vestibular degeneration, and other ear dis-

orders and ear surgeries [4].

The success rate of the canalith repositioning procedure

(CRP; also known as canalith repositioning maneuver) for

BPPV is approximately 70–90 % [8]. The Semont’s

manoeuvre is also used, like Epley’s, to treat posterior

canal canalolithiasis. The Lempert maneuver is used for

treating horizontal canal canalithiasis, and the Hamid

maneuver is used for treating horizontal canal cupu-

lolithiasis [9]. Epley’s initial publication on the use of

bedside treatment for benign paroxysmal positional vertigo

reported a success rate of 80 % after a single treatment

session and a success rate of 100 % after more than one

treatment sessions [6]. Despite the high success rate, ver-

tigo may recur after a few months. Nevertheless, CRP

remains the first choice of treatment when BPPV recurs.

Nunez et al. [7] showed that the rate of symptom reso-

lution after the CRP in patients after acute vestibulopathy

was 94.1 %, with a recurrence rate of 37.5 % (after an

average of 12.8 months). For the idiopathic group, the

resolution rate was 90.5 %, with a recurrence rate of

22.1 % (after an average of 15.9 months).

Some studies have found BPPV was associated with

sleep disorders. In Korres et al. [10], vertigo in most

patients (75.9 %) was associated with sleep disorders.

Common sleep disorders include insomnia (inability to

sleep), sleep apnea, narcolepsy, sleepwalking, night tre-

mors, periodic limb movement disorder, restless legs

syndrome, bruxism (involuntary grinding or clenching of

the teeth during sleep), and nocturia. Moreover, past

medical history is likely related to recurrence. Several

studies have investigated the comorbidities of BPPV

including age, sex, head trauma, Meniere’s disease, and

vestibulitis, whereas the etiology of it with sleep disorders

remain scarcely discussed [7, 8, 11, 12]. In the present

study, we analyzed variable factors associated with

recurrence of posterior canal BPPV (PC-BPPV) patients

treated with CRP.

Materials and methods

This retrospective study investigated the recurrence of

posterior BPPV after treatment with Epley’s maneuver.

The study was approved by the hospital’s institutional

review board (13MMHIS054). We reviewed hundreds of

patients diagnosed with PC-BPPV using Dix–Hallpike

maneuvers from 2008 to 2010 and immediately treated

with the Epley’s maneuver. A positive Dix–Hallpike

maneuver was defined by the presence of an upbeating and

torsional nystagmus with the top pole of rotation beating

toward the affected ear [13, 14].

Participants aged \20 years and those with atypical

posterior BPPV (including anterior canal BPPV, horizontal

BPPV, bilateral canal or multiple canal BPPV, and con-

tralateral posterior BPPV evoked after CRP and BPPV of

idiopathic nature) were excluded. In total, 247 participants

with typical PC-BPPV were recruited as study participants

after a follow-up of at least 2 years until 2012. During fol-

low-up at the clinic, Dix–Hallpike tests were performed to

evaluate the result. If nystagmus was detected, Epley’s

maneuver was performed again. The treatment was consid-

ered successful when neither nystagmus nor vertigo was

detected. The recurrence of BPPV is clinically defined as the

detection of vertigo evoked by changing position 3 months

after successful treatment with Epley’s maneuver.

Patient history, including the number of episodes of

vertigo, the number of times Epley’s maneuver was per-

formed, age, sex, and history [hypertension, hyperlipi-

demia, diabetes, and heart disease, sleep disorders

(International Classification of Diseases, 9th edition,

Clinical Modification codes 780.50, 780.51 m, 780.52, and

789.59), head trauma, and inner ear diseases (vestibulitis,

sudden sensorial hearing loss, and Menière disease)] was

recorded. In 2013 and 2014, we contacted all participants

over the telephone to obtain additional information

regarding recurrence. Four participants died during the

follow-up period. Thus, data of 243 participants were

analyzed using SPSS statistical software (version 15).

Risk factors associated with the recurrence of BPPV were

compared using Pearson’s Chi-squared (v2) test. The recur-

rence until the end of follow-up was compared using Kaplan–

Meier estimates and the log-rank test, with cases censored at

the end of the follow-up. In addition, a multivariate Cox

proportional hazards regression analysis was performed to

compare recurrence by age, sex, sleep disorders, head trauma,

inner ear diseases, and cardiovascular diseases.

Results

Of the 243 participants, 202 (83.1 %) were treated suc-

cessfully after a single CRP session, 24 after 2 sessions, 6

participants after 3 sessions, 8 participants after 4 sessions,

2 participants after 5 sessions, and 1 participant after 6

sessions. Regarding risk factors associated with BPPV,

none were observed were observed in 126 participants

(51.9 %), sleep disorders in 40 participants (16.5 %), head

trauma in 11 participants (4.7 %), inner ear diseases in 25

participants (10.3 %), and cardiovascular diseases in 80

participants (32.9 %). Among the 243 participants, 46 were

classified into the recurrence group and 197 into the non-

recurrence group. The average age of the participants was

57.5 ± 13.9 years (age range = 25–87 years). The age

distribution is shown in Fig. 1.
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Table 1 presents the results for the recurrence and

nonrecurrence groups obtained using Pearson v2 test. The

results for females (P = 0.042) and participants with sleep

disorders (P = 0.005) differed significantly. However, the

results for elderly participants aged C65 years (P = 0.673)

and participants with head trauma (P = 0.948), inner ear

diseases (P = 0.078), and cardiovascular diseases

(P = 0.091) did not differ significantly.

The results of the Kaplan–Meier estimates are as

follows:

The recurrence rates at 12 and 24 months were 16 and

20 % in participants \65 years, respectively, and 18 and

20 % in participants [65 years, respectively (Fig. 2). The

differences were nonsignificant (P = 0.766).

The recurrence rates at 12 and 24 months were 7 and

11 % in males, respectively, and 19 and 20 % in females,

respectively (Fig. 3). The differences were significant

(P = 0.049). Mean recurrence of BPPV was higher in

females than in males.

The recurrence rates at 12 and 24 months were 14 and

17 % in participants without sleep disorders, respectively,

and 30 and 40 % in participants with sleep disorders,

respectively (Fig. 4). The differences were significant

(P = 0.002). Mean recurrence of BPPV was higher in

participants with sleep disorders than in those without.

The recurrence rates at 12 and 24 months were 18 and

18 % in participants without head trauma, respectively, and

17 and 20 % in participants with head trauma, respectively

(Fig. 5). The differences were nonsignificant (P = 0.975).

The recurrence rates at 12 and 24 months were 15 and

19 % in participants without inner ear diseases, respec-

tively, and 28 and 36 % in participants with inner ear

diseases, respectively (Fig. 6). The differences were sig-

nificant (P = 0.042). Mean recurrence was higher in par-

ticipants with inner ear diseases.

Fig. 1 Distribution of age and

sex among the participants in

our study

Table 1 Results of the Pearson

v2 test for participants in the

recurrence and nonrecurrence

groups

Recurrence (N = 46) Nonrecurrence (N = 197) P value

N (%) N (%)

Age ]65 15 (32.6) 58 (29.4) 0.673

Female 42 (91.3) 154 (78.2) 0.042*

Sleep disorder 14 (30.4) 26 (13.2) 0.005*

Inner ear disease 8 (17.4) 17 (8.6) 0.078

Head trauma 2 (4.3) 9 (4.6) 0.948

CV disease 20 (43.5) 60 (30.5) 0.091

* Statistically significant difference

Fig. 2 Kaplan–Meier survival curves for recurrence among partici-

pants aged[65 years and those aged\65 years
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The recurrence rates at 12 and 24 months were 14 and

17 % in participants without cardiovascular diseases,

respectively, and 16 and 23 % in participants with car-

diovascular diseases, respectively (Fig. 7). The differences

were nonsignificant (P = 0.077).

To summarize, the recurrence of BPPV was compared

according to sex, age, and comorbidities—namely sleep

disorders, inner ear diseases, cardiovascular diseases, and

head trauma—using Kaplan–Meier estimates and the log-

rank test. The recurrence rates did not differ significantly

when stratified by age (P = 0.680), head trauma status

(P = 0.975), and cardiovascular disease status

(P = 0.077). However, significant differences in recur-

rence rates were observed when stratified by sex

(P = 0.049) and presence of sleep disorders (P = 0.002)

and inner ear diseases (P = 0.042).

Finally, a multivariate Cox proportional hazards

regression analysis was performed to compare recurrence-

free survival by ethnicity. The prespecified Cox propor-

tional hazards analysis showed that no significant differ-

ence in BPPV recurrence in age (P = 0.735), sex

(P = 0.639), sleep disorders (P = 0.621), head trauma

(P = 0.409), inner ear diseases (P = 0.774), or cardio-

vascular diseases (P = 0.686) (Table 2).

Discussion

The short term effectiveness of Epley’s maneuver in the

present study was satisfactory. Among 243 participants,

202 completely recovered within 1 week. The success rate

of the procedure was 83.1 %, consistent with that observed

in other studies (80.2–98 %) [8, 12, 15–19]. Therefore,

Fig. 3 Kaplan–Meier survival curves for recurrence among male and

female participants

Fig. 4 Kaplan–Meier survival curves for recurrence among partici-

pants with and without sleep disorders

Fig. 5 Kaplan–Meier survival curves for recurrence among partici-

pants with and without head trauma

Fig. 6 Kaplan–Meier survival curves comparing recurrence among

participants with and without inner ear diseases
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Epley’s CRP remains the first treatment choice for

P-BPPV.

Among the 243 participants in our study (age range

25–88 years), the age distribution of the elderly partici-

pants was as follows: 51–59 years, 65 participants

(26.7 %) and 61–69 years, 53 participants (21.8 %). The

proportion of participants aged 50–70 years was 48.5 %,

almost half that observed in other related studies [20, 21].

199 females and 48 males were considered for the final

analysis. This ratio is consistent with those observed in

other studies [12, 15, 22].

Of the 243 participants, 126 participants (51 %) exhib-

ited idiopathic factors, which is again consistent with the

literature (50–70 %) [8, 12, 15, 23]. In total, 25 participants

(10.5 %) exhibited inner ear diseases, including vestibular

neuronitis (15 participants), unilateral sensorial hearing

loss (5), and Meniere disease (5). Head trauma was noted

in 11 participants (5.2 %); this proportion was slightly

lower than that observed in previous studies (8.5–27 %) [8,

11, 15]. In the present study, 40 participants (16.5 %)

exhibited sleep disorders. In Korres et al. [10], 155 patients

with vertigo (75.9 %) had sleep disorders. In our subgroup

of participants with sleep disorders, most experienced long-

term insomnia and were under medication. Some partici-

pants seldom experienced poor sleep, and some attributed

their abnormal sleep patterns to shift work (Circadian

rhythm sleep disorder). In the present study, 81 participants

(32.8 %) had cardiovascular diseases. In the study by

Dornhffer and Colvin [12], 38 % of the patients had

coronary artery disease, diabetes, cancer, or hypertension.

In the present study, the recurrence rate after 2 years

was 19 % (46 of 243 participants). Epley [6] reported a

recurrence rate of 30 % over a 30-month follow-up period.

Furman demonstrated a yearly recurrence rate of 15 %

after bedside treatment after a 4-year follow-up. Brandt

[20] reported that the recurrence rate in BPPV patients after

a mean follow-up of 10 years was 50 %. In most patients

(80 %), recurrence occurred within the first year of the

treatment, irrespective of the liberatory maneuver applied.

Fifteen of the 46 participants in the recurrence group

(32.6 %) and 58 of the 197 participants in the no recur-

rence group (29.4 %) were older adults ([65 years).

Pearson v2 test, Kaplan–Meier estimates, log-rank test, and

Cox proportional hazards model revealed no significant

difference between participants in the recurrence and

nonrecurrence groups.

Among participants in the recurrence and nonrecurrence

groups, 42 were females (91.3 %) and 154 were females

(78.2 %), respectively. Pearson v2 test, Kaplan–Meier

estimates, and log-rank test revealed significant differences

between the groups, suggesting that females are more

likely to be associated with the recurrence of BPPV.

However, Cox proportional hazards model yielded no

significant differences. In Nunez et al. [7] study, a recur-

rence rate of 26.8 % was observed among participants who

initially reported resolution of symptoms after CRP; a

Kaplan–Meier estimate showed an annual recurrence rate

of 15 %, with a 50 % recurrence rate at 40 months after

treatment. No significant association was noted between

the recurrence rate and sex, age, duration of symptoms,

presumed cause, or treating physician [7], an observation

that differs from the results of the present study, where the

recurrence rate was higher among females. In Sakaida et al.

[13], overall recurrence rate was 37 % after 60 months of

follow-up. The patients with horizontal canal BPPV

exhibited a significantly higher recurrence rate (50 %,

N = 19) at 60 months of follow-up than those with pos-

terior canal BPPV (26 %, N = 28) did. No significant

association between recurrence rates and sex or age was

noted [13]. This observation was different from the result

of the current study where the recurrence rate was higher

among females.

Among the participants recurrence and nonrecurrence

groups, 14 (30.4 %) and 26 (13.2 %) participants experi-

enced sleep disorders, respectively. Pearson v2 test,

Fig. 7 Kaplan–Meier survival curves for recurrence among partici-

pants with and without cardiovascular diseases

Table 2 Multivariate Cox proportional hazards analysis of factors

predictive of BPPV recurrence

HR 95 % CI P value

Age ]65 0.946 0.684–1.307 0.735

Female 1.044 0.872–1.250 0.639

Sleep disorder 0.887 0.552–1.426 0.621

Head trauma 0.866 0.616–1.218 0.409

Inner ear disease 0.963 0.743–1.247 0.774

CV disease 0.965 0.810–1.148 0.686

HR hazard ratio, 95 % CI 95 % confidence interval
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Kaplan–Meier estimates, and log-rank test revealed a sig-

nificant difference between the groups, suggesting that

sleep disorders are likely associated with the recurrence of

BPPV. However, Cox proportional hazards model showed

no significant difference. Korres et al. [10] reported that in

most (75.9 %) vertigo patients, BPPV was related to sleep

disorders. BPPV is a common peripheral vestibular disor-

der, and Insomnia is often complained in out patient

department. However, the relationship between insomnia

and BPPV is not well investigated. Our study is the first to

analyze the relationship between insomnia and recurrence

after treatment with Epley’s maneuver in p-BPPV patients.

In our clinical experience, we highly speculated bad sleep

caused patients a lot of head movement during the night

bed time and more prone to have otoconia free movement

and BPPV relapse.

Among the participants recurrence and nonrecurrence

groups, 8 (17.4 %) and 17 (8.6 %) participants had inner

ear diseases, respectively. The associated inner ear diseases

in our BPPV study patients were vestibular neuritis in

majority and Menière disease minority. Pearson v2 test and

Cox proportional hazards model showed no significant

differences. However, Kaplan–Meier estimates and log-

rank test revealed a significant difference. This is consistent

with Dornhoffer and Colvin [12], who showed that inner

ear diseases increase BPPV recurrence rate. Lee et al. [23]

and Gross et al. [24] have noted that BPPV associated with

inner ear diseases takes longer to recover it does BPPV of

idiopathic nature. However, in a secondary subgroup in

Lee et al., no significant difference was noted between

Meniere disease related–BPPV and idiopathic BPPV.

Gross [24] reported that vertigo in Meniere disease related

BPPV took longer time for recovery than that in idiopathic

BPPV did. Head trauma was observed in 2 of the 46 par-

ticipants in the recurrence group (4.3 %) and in 9 of the

197 participants in the nonrecurrence group (4.6 %).

Pearson v2 test, Kaplan–Meier estimates, log-rank test and

Cox proportional hazards model showed no significant

differences in recurrence rates. Cardiovascular diseases

were observed in 20 (43.5 %) and 60 (30.5 %) participants

in the recurrence and nonrecurrence groups, respectively.

Pearson v2 test, Kaplan–Meier estimates, log-rank test, and

Cox proportional hazards model showed no significant

differences in the recurrence rates.

The limitation of the present study is that it focused on

posterior semicircular canal BPPV and not on all types of

BPPV. In addition, we could not distinguish between sleep

disorders with a psychological disorder and those associ-

ated with a physical disease, such as nocturia or hyper-

tension. We inquired about relapses only by telephone

interview, so the diagnosis of relapse relies on a similar

symptomatology, not on reexamination and we cannot be

sure if the same ear relapsed or the other ear.

Conclusion

Epley’s maneuver (or CRP) is an effective, safe, and

simple treatment for P-BPPV. Females and participants

with sleep disorders and inner ear diseases are likely to be

associated with the recurrence of P-BPPV after CRP.

However, BPPV recurrence is not associated with age,

head trauma, or cardiovascular diseases.
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