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Abstract

Objectives. A last resort for therapy for intractable benign
paroxysmal positional vertigo (BPPV) is mechanical occlu-
sion of the posterior semicircular canal. The aim of this
review was to assess the effect of posterior canal occlusion
for intractable posterior canal BPPV on vertigo and to deter-
mine the risk of loss of auditory or vestibular function.

Data Sources. A systematic literature search according to
the PRISMA statement was performed on PubMed, the
Cochrane Library, Embase, Web of Science, and CINAHL.
The last search was conducted in June 2018.

Review Methods. Cohort studies with original data and case
reports describing .5 cases were included if they analyzed
the effect of posterior semicircular canal obliteration in
adults with intractable posterior BPPV on vertigo. Two
authors screened titles and abstracts for eligibility. The first
author screened full texts and analyzed the data.

Results. Eight retrospective studies met the eligibility criteria.
The quality of all individual studies was rated fair. Canal
occlusion was performed on 196 patients. All studies
reported complete resolution of BPPV in all patients
(100%). Among postoperatively tested patients, total loss of
auditory function and vestibular function was reported in 2
of 190 (1%) and 9 of 68 (13%), respectively.

Conclusion. Posterior semicircular canal plugging resulted in
100% resolution of BPPV in patients with intractable BPPV
in all studies. However, the strength of evidence was weak.
Potential serious complications, such as deafness and loss of
vestibular function, should be taken into account.
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B
enign paroxysmal positional vertigo (BPPV) is the

most common vestibular type of vertigo, with an

estimated incidence of 64 cases per 100,000 popula-

tion per year and a lifetime prevalence of 2.4%.1,2 It is char-

acterized by sudden and brief spinning sensations initiated

by a change of head position.3,4 A widely accepted hypoth-

esis of the cause of BPPV is the detachment of degenerated

otoconia from the otolithic membrane in the utricle, dislo-

cating into the semicircular canals. Because of clotting of

the otolithic fragments, the cupula in the semicircular canal

becomes sensitive for gravity, and this leads to positional

vertigo.5 It can occur in the anterior, horizontal, and poster-

ior semicircular canal.

BPPV may recover spontaneously in approximately 25%

of patients after 1 month and up to 50% after 6 months of

follow-up.6-8 However, patients without spontaneous recov-

ery are at increased risk for fall incidents and impairment

for daily activities.9,10

In the case of posterior canal BPPV—the most common

type of BPPV—patients can be treated successfully with a

single canalith-repositioning maneuver (CRM) in 85% of

the cases.11 Before the introduction of a CRM for posterior

canal BPPV in 1992, various surgical treatments were per-

formed for intractable cases.12-15 These included destruction

of the labyrinth, nerve VIII transection, transection of the

posterior ampullary nerve, and surgical occlusion of the pos-

terior canal. Although not often performed, the last was

accepted as an appropriate surgical option for patients with

intractable posterior canal BPPV, since this technique was

the least destructive and it was more easy for surgeons to

perform than nerve transection. The first surgical occlusion

of a posterior semicircular canal was described by Parnes
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and McClure in 1990.16 They performed surgery on 2

patients with a history of episodic positional vertigo and

severe ipsilateral hearing loss. The posterior semicircular

canal was identified, blue lined, opened, and plugged with

bone chips or bone paste. Postoperatively, both patients

reported complete resolution of the positional vertigo, and

no nystagmus and vertigo could be provoked by performing

the Dix-Hallpike maneuver. However, caloric responses

diminished, and because of the preoperative severe hearing

loss, the effect of surgery on the auditory function was

unclear. Nowadays, the CRM is the gold standard for treat-

ment for BPPV. Surgical therapy, such as canal occlusion,

is considered a last resort for patients who do not respond to

repeated CRMs.17

Objectives

The aim of this review was to assess the effect of canal

occlusion for intractable posterior canal BPPV on vertigo

and to determine the risk of loss of the auditory or vestibu-

lar function by performing this surgery.

Methods
Protocol

We searched the literature using the PRISMA guidelines

(Preferred Reporting Items for Systematic Reviews and

Meta-analyses).18

Eligibility Criteria

Although we searched for retrospective and prospective

studies, we included only retrospective cohort studies with

original data as well as case reports describing .5 cases if

they analyzed the effect of obliteration of the posterior

semicircular canal in adults with intractable posterior BPPV

on vertigo. Secondary outcome measures, such as auditory

function, vestibular function, and complications, were

recorded if presented in the data. No restrictions on lan-

guage or publication year were applied.

Information Sources

We performed a systematic literature search to investigate

the effectiveness of canal occlusion in intractable posterior

canal BPPV on outcomes on vertigo, auditory function, and

vestibular function. We searched the following electronic

medical databases: the Cochrane Library, MEDLINE

(PubMed), Embase, Web of Science, and CINAHL. The last

search was performed on July 5, 2018.

Search

We searched the databases for abstracts, titles, and key-

words containing suitable search terms from inception to

June 2018. A detailed description of the search in each data-

base is presented in Appendix 1 (available in the online ver-

sion of the article).

Process of Study Selection and Data Collection

One reviewer excluded duplicates (B.D.P.J.M.). Two inde-

pendent reviewers (B.D.P.J.M. and H.J.v.d.Z.-L.) screened

titles and abstracts for eligibility for inclusion. Discrepancies

were discussed. One reviewer (B.D.P.J.M.) screened full

texts of the eligible articles and analyzed the data.

Data Items

From each full-text article, we extracted the following data

items: study design, sample size, sex, age, indication for

surgery, surgical technique, follow-up, lost to follow-up,

and complications, as well as outcomes on vertigo, auditory

function, and vestibular function.

Quality Assessment of Individual Studies

To assess the quality for each study, we used the quality

assessment tool for case series studies developed by the

National Heart, Lung, and Blood Institute of the US

National Institutes of Health. This tool evaluates a total of 9

elements for each study. A polar (yes/no) scale was used to

estimate the risk of bias for each element. In case one or

more components could not be determined, were not

reported, or were not applicable, this was noted. The evalua-

tion was executed by 2 independent reviewers (B.D.P.J.M.

and T.D.B.). If ratings differed, the reviewers discussed

them to reach consensus.

We considered a research question or objective clearly

stated if the authors defined the focus of their study and if

they identified primary or secondary outcome variables. The

study population was regarded as clearly and fully described

if the authors presented a short explanation of patient char-

acteristics, such as sex, mean age, and mean duration of

symptoms. Comparability was based on the primary out-

come measure, and subjects were considered comparable if

they all had an equal indication for surgery, the same treat-

ment prior to surgery, and identical outcomes on diagnostic

tests. The outcome measure was considered clearly defined,

valid, reliable and consistent if the authors clearly described

that the primary outcome was objectively measured with the

Dix-Hallpike maneuver and if this was implemented across

all study patients. We defined an adequate length of follow-

up as a period of at least 6 months after surgery.

Summary of Outcome Measures

We considered the outcome of BPPV the primary outcome

measure. This outcome was subdivided into 2 outcome mea-

sures: an objective outcome and a subjective outcome. The

Dix-Hallpike maneuver was considered an objective pri-

mary outcome measure. If the resolution of BPPV was

assessed otherwise or if the method of measuring was not

explained, we considered this to be a subjective primary

outcome measure. The effects on the auditory function and

vestibular function were considered secondary outcome

measures. The following secondary outcome measures were

considered valid: pure tone audiogram and caloric response.

Results
Study Selection

The search resulted in a total of 154 articles (Figure 1).

After screening on title, abstract, and full text, we screened

Maas et al 41
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the reference lists of the remaining 6 articles. Eventually,

we included a total of 8 retrospective studies in this review.

Although we searched for retrospective and prospective

studies, no eligible prospective cohort studies were retrieved

from the literature.

Study Characteristics

Study Design, Sample Size, and Inclusion of Patients. All studies

had a retrospective design (Table 1). Sample sizes were

expressed in numbers of patients or procedures. The number of

patients varied between 6 and 61. One study presented 12 pro-

cedures in 6 patients with bilateral disease.19 All studies except

for 1 reported the time span of inclusion of patients. The long-

est inclusion period was found in Beyea et al,20 which lasted 22

years (1988-2010). Two studies included patients without a

repositioning maneuver prior to surgery, as this was not the

standard treatment at the time of these studies.19,20

Indication for Surgery and Surgical Technique. Before proceed-

ing to canal occlusion, 4 studies clearly described a certain

required duration of symptoms, and 7 studies considered

failed conservative attempts, such as the Epley maneuver or

Semont maneuver, as a criterion for plugging the posterior

semicircular canal.

In all studies, a cortical mastoidectomy via a postauricu-

lar transmastoid approach was performed. If the posterior

semicircular canal was identified, the canal was skeleto-

nized, and the lumen of the canal was fenestrated. The

membranous labyrinth was then mechanically compressed.

In most studies, a mix of harvested bone tissue and fibrino-

gen sealant was used for plugging. Subsequently, the defect

was covered up with fascia of the temporalis muscle.

Follow-up and Lost to Follow-up. Follow-up time was reported

in 5 of 8 studies, and this time varied from 2 months to 17

years.

None of the studies reported loss of patients in follow-

up. Three studies reported lost results for audiograms or

caloric tests in follow-up.21-23

Quality Assessment of Individual Studies. The results of the

quality assessment for each study are presented in Table 2.

We rated the quality of all included studies as fair. According
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Figure 1. Flow diagram for study selection according to the PRISMA statement.
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to Shekelle et al, we graded the level of evidence as 4 and

the level of recommendation as D.24

Results of Individual Studies per Outcome Measure

Primary Outcome: Vertigo. All studies discussed the effect of

plugging on vertigo, and regardless of the method of measuring,

all studies reported complete resolution of positional vertigo in

all patients (100%; Table 3). Three of 8 studies objectively

measured the effect of canal plugging on BPPV by performing

the Dix-Hallpike maneuver pre- and postoperatively.

Secondary Outcomes
Auditory Function. For the evaluation of the auditory func-

tion, all studies stated to have performed audiometric tests

before (n = 196) and after (n = 190) surgery (Table 4).

Two patients (1%) of 1 study had a Barany deaf ear

(.100-dB hearing loss).21 Four studies reported a total of

15 patients (8%) with permanent sensorineural hearing loss

due to surgery. Nine patients (5%) experienced persistent

mild conductive hearing loss, and in 1 of them, this was

caused by a dislocation of the incus.

Vestibular Function. Total loss of vestibular function was

observed in 9 of 68 postoperatively tested patients (13%).

Three of these patients had a preoperative reduction of their

vestibular function on the side opposite to that of the operation.

A reduced caloric response was observed in 14 patients

(21%) who underwent postoperative caloric testing. Not all

patients who received preoperative caloric tests were sub-

jected to postoperative testing. This was due to several rea-

sons, as described in Table 5.

Table 2. Quality Assessment for Individual Case Series Studies.a

First Author 1 2 3 4 5 6 7 8 9

Parnes (1991)25 No Yes CD Yes Yes No Yes NA Yes

Hawthorne (1994)22 No Yes CD No Yes Yes Yes NA Yes

Zappia (1996)41 No Yes CD No Yes Yes No NA Yes

Pulec (1997)42 No Yes CD No Yes No NR NA Yes

Kisilevsky (2009)23 No Yes CD No Yes Yes No NA Yes

Ahmed (2012)21 Yes Yes CD Yes Yes No Yes NA Yes

Beyea (2012)20 Yes Yes CD No Yes No NR NA Yes

Ramakrishna (2012)19 No Yes CD No Yes Yes NR NA Yes

Abbreviations: CD, could not determine; NA, not applicable; NR, not reported.
a(1) Was the study question or objective clearly stated? (2) Was the study population clearly and fully described? (3) Were the cases consecutive? (4) Were

the subjects comparable? (5) Was the intervention clearly described? (6) Were the outcome measures clearly defined, valid, reliable, and implemented consis-

tently across all study participants? (7) Was the length of follow-up adequate? (8) Were the statistical methods well described? (9) Were the results well

described?

Table 3. Results of Individual Studies for Vertigo: Primary Outcome Measure.a

Dix-Hallpike

First Author Patients, n Procedures, n Preoperative Postoperative Postoperative Point of Time Measuring

Parnes (1991)25 6 6 Unknownb Unknown — Subjective

Hawthorne (1994)22 15 15 Yes (15 of 15)c Yes (15 of 15) Unknown Objective

Zappia (1996)41 8 8 Yes (8 of 8)d Yes (8 of 8) Unknown Objective

Pulec (1997)42 17 17 Yes (17 of 17) Unknown (17 of 17)e Unknown Subjective

Kisilevsky (2009)23 30 32 Yes (32 of 32)f Yes (32 of 32) ‘‘Immediate’’ Objective

Ahmed (2012)21 53 55 Unknowng Unknown — Subjective

Beyea (2012)20 61 65 Yes (65 of 65)h Unknown — Subjective

Ramakrishna (2012)19 6 12 Unknown Yes (6 of 6) Unknown Subjective

aEach study reported 100% resolution.
bOne patient with preoperative ipsilateral Ménière’s disease.
cThree patients with atypical nystagmus (no latency and/or no adaptation) and 1 without nystagmus on the preoperative Dix-Hallpike maneuver.
dOne patient with a subjective response (sensation of vertigo without nystagmus) on the preoperative Dix-Hallpike.
ePostoperatively described as ‘‘the provocative position’’; unclear whether this is a Dix-Hallpike maneuver.
fOne patient tested negative on preoperative Dix-Hallpike maneuver; 2 patients with preoperative Ménière’s disease.
gSeven patients with unilateral ear disease: 2 ipsilateral Ménière’s, 1 previous vestibular neuronitis, 2 mastoid surgery, 1 previous herpes zoster, 1 vestibular

schwannoma.
hPrior failed singular neurectomy in 2 patients.
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iè

re
’s

d
is

ea
se

,
2

w
it
h

p
re

o
p
er

at
iv

e
re

d
u
ct

io
n
)

A
h
m

ed
(2

0
1
2
)2

1
5
3

5
5

Ye
s

(5
0

o
f
5
3
)e

Ye
s

(3
7

o
f
5
3
)f

1
w

k
5

o
f
3
7

w
it
h

re
d
u
ce

d
ca

lo
ri

c

re
sp

o
n
se

(3
0
%

-7
8
%

)

5
o
f
3
7

w
it
h
o
u
t

ca
lo

ri
c

re
sp

o
n
se

(9
8
%

-1
0
0
%

)

B
ey

ea
(2

0
1
2
)2

0
6
1

6
5

N
o

N
o

—
—

—

R
am

ak
ri

sh
n
a

(2
0
1
2
)1

9
6

1
2

N
o

N
o

—
—

—

a T
h
re

e
o
f
1
3

p
at

ie
n
ts

w
it
h

p
re

o
p
er

at
iv

e
ve

st
ib

u
la

r
hy

p
o
fu

nc
ti
o
n

o
n

th
e

u
n
af

fe
ct

ed
si

d
e.

b
‘‘E

le
ct

ro
ny

st
ag

m
o
gr

ap
hy

d
em

o
n
st

ra
te

d
a

ca
lo

ri
c

re
sp

o
n
se

in
th

e
o
p
er

at
ed

ea
r

w
h
ic

h
w

as
eq

u
al

to
o
r

b
et

te
r

th
an

th
e

p
re

o
p
er

at
iv

e
te

st
.’’

c P
re

o
pe

ra
ti
ve

ly
,
6

p
at

ie
n
ts

w
it
h

ip
si

la
te

ra
l
re

d
u
ce

d
ca

lo
ri

c
re

sp
o
n
se

;
1

p
at

ie
n
t

w
it
h

b
ila

te
ra

l
re

d
u
ce

d
ca

lo
ri

c
re

sp
o
n
se

.
d
D

u
e

to
lo

gi
st

ic
al

re
as

o
n
s

(i
n
cr

ea
se

d
p
at

ie
n
t

w
o
rk

lo
ad

an
d

a
w

id
er

re
fe

rr
al

b
as

e)
,
p
o
st

o
p
er

at
iv

e
el

ec
tr

o
ny

st
ag

m
o
gr

ap
hy

te
st

in
g

w
as

p
er

fo
rm

ed
in

2
3

o
f
3
2

ca
se

s.
e
P
re

o
p
er

at
iv

el
y,

1
4

p
at

ie
n
ts

w
it
h

ca
n
al

p
ar

es
is

.
2
5
%

o
n

th
e

af
fe

ct
ed

si
d
e,

o
f
w

h
ic

h
2

h
ad

M
én

iè
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Complications

All studies reported whether patients experienced complica-

tions. Five studies did not report any serious complication,

which we defined as an unintended and undesired event or

condition during or following medical treatment that causes

incurable damage or that is so detrimental to the health of the

patient that adjustment of the medical treatment is necessary.

Two studies reported a postoperative perilymph fistula21,25; 1

study reported a wound infection21; another reported post-

operative otitis media with effusion25; and 1 mentioned dislo-

cation of the incus causing 30-dB conductive hearing loss.22

Discussion

Summary of the Evidence

This review shows the complexity of summarizing fair-

quality retrospective studies.

One concise literature review has been published on this

topic, and it concluded that the surgery delivers good results

with minimal risks for hearing.26 The authors included stud-

ies with different surgical techniques (eg, laser irradiation)

for different types of BPPV, examining the results on ver-

tigo and auditory function. Their outcomes are slightly dif-

ferent from our results, since they described a few patients

with no complete resolution of BPPV and did not report any

patients with postoperative deafness.

Although complete resolution of BPPV was reported in all

studies included in our literature review, this has to be inter-

preted with caution, given that only 3 out of 8 studies included

pre- and postoperative Dix-Hallpike results. Objective indica-

tions for surgery and for results of surgery are lacking in the

majority of studies. Patient data are not entirely comparable

across studies, because the subjects are not comparable with

regard to indication for surgery and preoperative Dix-Hallpike

responses. Moreover, patients are not consecutive; the out-

comes are not uniformly reported; and follow-up data are

inconsistent. Furthermore, 1 study presented 2 patients with a

failed singular neurectomy prior to occlusion of the posterior

semicircular canal. Since there was no resolution of BPPV

after singular neurectomy, the diagnosis might have been

incorrect. This emphasizes the importance of an objective

diagnostic measurement, such as the Dix-Hallpike maneuver.

Also, outcomes on resolution of BPPV might be inaccurate,

given that caloric tests solely measure the lateral semicircular

canal. In case of a postoperative total loss of vestibular func-

tion, stimuli from the otoconia will not be processed, because

there is no vestibular function.

In contrast to the lacking objective results for surgery

regarding the primary outcome, all studies reported pre- and

postoperative audiometric results. Postoperatively, nearly all

patients experienced transient conductive or sensorineural

hearing loss. One study attributed the conductive loss to a

hemotympanum. Other studies attributed the transient sen-

sorineural loss to a perilymph fistula, labyrinthitis, or an

infection of the mastoid. One patient had conductive hearing

loss due to a dislocation of the incus, which is a possible

but very rare complication of a canal occlusion with a

transmastoid approach. Of the 2 patients who had a Barany

deaf ear, 1 preoperatively experienced severe sensorineural

hearing loss with a threshold .80 dB. The other patient

became deaf due to the surgery.

Only 3 studies provided information on postoperative

vestibular function measured by caloric responses. Hence,

the overall percentage of patients with a reduced caloric

response is unknown, since only a minority were tested.

Among those patients tested, more than one-third had

reduced vestibular function or had totally lost their caloric

responses. In 2 studies, no further information on clinical

symptoms of vestibular loss was provided. Ahmed et al21

indicated that 2 patients reported a short-term period of

acute vertigo and nausea and that vestibular loss resulted in

mild permanent imbalance in 5 patients.

Although all studies reported whether patients experi-

enced complications, some studies did not include second-

ary outcomes relating to vestibular function and hearing

outcomes. Determining the true risk of the procedure

according to data in this review is therefore difficult.

Limitations

Title and abstract screening was executed by the first and

second authors, and the assessment of risk of bias for indi-

vidual studies was done by the first and last authors.

Furthermore, the reviewing process was limited to published

articles only, and no correspondence was established with

authors to obtain unpublished data. Hence, publication bias

might have influenced the conclusion of this review.

The overall evidence was considered weak because the

quality of individual studies was rated fair, due to the het-

erogeneity of indications for surgery and inconsistent

follow-up data. Moreover, all studies carried the risk of

selection and information bias because of the retrospective

designs and the low numbers of included patients and

because results were not compared with a control group.

Given that not a single study included a control group, it

remains unclear whether the resolution of vertigo may be

from canal plugging, from a placebo effect of the surgery,

or from spontaneous resolution.

Because of the shortage of objective criteria for surgery,

other etiologies of intractable vertigo may be have been

overlooked. Vertigo attacks could be the result of BPPV as

well as other peripheral vestibular disorders. Recurrent ves-

tibulopathy, vestibular paroxysm, vestibular migraine, and

Ménière’s disease are known causes of paroxysmal ver-

tigo.27-29 The duration of attacks is often longer, and attacks

also occur without a change of position. In case of

Ménière’s disease, attacks are often accompanied by ear

symptoms. Nevertheless, especially with subjective mea-

surements, it can be difficult to distinguish BPPV from

other peripheral vestibular disorders. In addition, vascular

conditions, cerebral tumors, and, rarely, medical or psychia-

tric disorders can mimic BPPV.30-33

This review solely studied articles focusing on posterior

canal plugging as a surgical therapy for BPPV. Other surgi-

cal therapies, such as singular neurectomy, were not
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included in this review.34,35 There are very few articles

focusing on this particular operation. The large case series

of Silverstein et al and Gacek et al showed complete resolu-

tion of vertigo between 80% and 97% of patients, with

approximately 4% having deafness and severe sensorineural

hearing loss.36,37 However, smaller case series reported

higher rates of sensorineural hearing loss, up to 42%, and

reduced caloric responses.38-40

Conclusion

Posterior canal plugging resulted in 100% resolution of

BPPV in patients with intractable BPPV in all studies.

However, the true effectiveness and risks are difficult to

determine because of the lack of objective data and the fair

quality of studies. One should always take into account the

possibility of serious complications, such as deafness and

loss of vestibular function. In the future, prospective cohort

studies should be conducted that describe the outcome mea-

sures and use comparable time spans between surgery and

postoperative tests.
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