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Objective: To report audiovestibular outcomes following endolymphatic shunt surgery (ELS) and intratympanic gentami-
cin injections (ITG) in patients with Meniere’s disease (MD).

Study Design: Retrospective matched cohort study

Methods: Patients with MD refractory to medical management between 2004 and 2017 were reviewed: 44 patients
underwent ELS and had outcomes available, while 27 patients underwent ITG and had outcomes available. Mean follow-up
durations for the ELS and ITG groups were 39.1 and 43.3 months, respectively. Twenty-six patients from the ELS group and
24 patients from the ITG group were then included in a pretreatment hearing- and age-matched analysis. Main outcome mea-
sures were successful control of vertigo, pure-tone average (PTA; 0.5, 1, 2 and 4 kHz), word recognition score (WRS), and
treatment complications.

Results: A matched analysis showed vertigo control rates of 73.1% in the ELS group and 66.8% in the ITG group, which
were not significantly different (P = .760). The change in PTA following treatment was statistically similar between the ELS
group (6.2 dB) and ITG group (4.6 dB) (P = .521), while the change in WRS for the ELS group (+3.9 %) was significantly more
favorable than the ITG group (-13.6 %) (P = .046). Chronic post-treatment unsteadiness was reported in 25.0% of the ITG
group and was not encountered in the ELS group (P =.009).

Conclusion: ELS provided successful vertigo control at least as well as ITG with a lower incidence of audiovestibular

complications.

Level of Evidence: 4

Key Words: Meniere’s disease, endolymphatic shunt, intratympanic gentamicin, vertigo, hearing.

Laryngoscope, 130:2455-2460, 2020

INTRODUCTION

The initial management of Meniere’s disease
(MD) consists of lifestyle and dietary changes, including a
low-sodium diet and use of diuretics. Such interventions
are effective in roughly 85% of patients.! However, in
patients with MD refractory to medical management,
more invasive treatment strategies should be considered.
The treatment of disabling vertigo in medically refractory
MD remains a controversial challenge to clinicians.

Traditionally, a number of surgical options, such as
endolymphatic shunt (ELS), vestibular nerve section, and
labyrinthectomy, have been developed to reduce the symp-
toms of MD.%® Labyrinthectomy or vestibular nerve
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section can provide definitive management for episodic ver-
tigo; however, the former procedure leads to complete hear-
ing loss and both procedures result in permanent vestibular
dysfunction with resulting imbalance that can be lifelong.2*
In contrast, ELS is non-destructive, has favorable surgical
morbidity, and has minimal impact on hearing. Hence it is
a logical surgical option in the presence of functional hear-
ing; however, controversies regarding its efficacy continue
to exist and demonstrate the need for additional data.>™®
Intratympanic gentamicin injection (ITG) has been
widely used in order to avoid the morbidity of surgical pro-
cedures. Gentamicin is employed to ablate, fully or partly,
the vestibular function in the affected ear, and seems to be
an effective treatment for vertigo complaints in MD.® Two
randomized controlled trials have shown a beneficial effect
of ITG for MD compared with placebo, and subsequent
studies have further validated the effectiveness of ITG.2%*
Despite its efficacy and less invasive nature (when com-
pared with surgical procedures), ITG can be hazardous to
hearing and can have significant long-term vestibular
sequelae. While vestibular hair cells are more sensitive to
gentamicin than cochlear hair cells, ITG can still lead to
cochlear hair cell and spiral ganglion neuron injury.'*¢
The first study directly comparing outcomes between
ELS and ITG for intractable MD reported that ITG had
better posttreatment functional outcomes as well as bet-
ter overall quality of life scores but no statistically signifi-
cant difference in vertigo control.!” This provides further
support for the comparability of both treatments with
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regards to vertigo outcomes. The aim of the present study
was to compare vestibular and auditory outcomes
between ELS and ITG in patients with definite MD
refractory to medical management.

MATERIALS AND METHODS

A retrospective chart review was conducted on patients with
American Academy of Otolaryngology—-Head and Neck Surgery
(AAO-HNS) definite unilateral MD who failed medical manage-
ment and underwent ELS or ITG between 2004 and 2017. The ini-
tial medical management included low-salt diet, diuretics, and
vestibular suppressants. If a patient had persistent vertigo attacks
after conservative medical management for 3 to 6 months, ELS or
ITG were offered. Which treatment was performed depended on
which clinician the patient saw. One clinician performed only ELS,
and two other clinicians performed only ITG. There were no known
criteria that determined which patients saw which clinician.

All patients underwent pretreatment evaluation, including
complete neurotological examination and audiological testing
(pure-tone audiometry and word recognition score testing).
Symptoms, such as frequency of major vertiginous episodes,
chronic unsteadiness, and any other associated symptoms were
noted. Treatment outcomes were evaluated at the last follow-up
visit based on the 1995 guidelines of the AAO-HNS.'® Frequency
of major vertiginous episodes was measured, and successful con-
trol of vertigo was considered as Class A or B (reduced by 60% to
100%). If general imbalance/unsteadiness was newly developed
after ELS or ITG and the symptom continued more than
6 months after the treatment through the last follow-up, then
the patient was considered to have chronic unsteadiness. Pure-
tone average (PTA; 0.5, 1, 2, and 4 kHz) and word recognition
score (WRS) that were obtained before and 6 months after treat-
ment were compared. Clinically significant hearing change was
defined as a PTA change of 210 dB or a WRS change of >15%.

Patient Characteristics

The patient characteristics are summarized in Table I. A
total of 47 patients were treated by ELS, with outcomes available
for 44 patients. One patient had previously undergone ITG, one
had received an intratympanic corticosteroid injection, and all
remaining 42 patients had been treated with medical

TABLE I.
Patient Characteristics of ELS and ITG Groups.
ELS group ITG group
(n=44) (n=27) P
Sex Male: 20 Male: 10 6221
Female: 24 Female: 17
Age (y) 48.6 + 14.6 60.7 + 16.5 .004%
Symptom period prior to 55+56.7 6.0+ 5.6 .925%
each treatment (yr)
Follow-up duration (mo) 39.1 +30.5 43.3 £ 37.2 .904*
Preoperative PTA (dB) 455 +18.8 60.2 + 15.0 .002*%
Preoperative WRS (%) 71.4 +24.88 42.3 + 31,97 <.001*

ELS = endolymphatic shunt surgery; ITG = intratympanic gentamicin
injection; PTA = pure-tone average (0.5, 1, 2, and 4 kHz); WRS = word recog-
nition score.

By Fisher’s exact test.

*By Mann-Whitney U test.

Sn = 43 (Spanish speaker).

n = 25 (WRS testing not available in two patients).
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management only. Postoperative audiologic data were available
in all 44 patients with follow-up. A total of 33 patients were
treated with ITG, with outcomes available for 27. Four patients
had previously undergone other invasive treatments for vertigo
(three cases of endolymphatic sac decompressions and one case
of intratympanic steroid injection), while the remaining
23 patients had been treated with medical management only.
Post-procedure audiologic data were available in 25 patients (two
patients were followed up after ITG but the posttreatment audio-
grams were missing from the medical record).

Endolymphatic Sac Surgery

After complete mastoidectomy, the sigmoid sinus and poste-
rior fossa dura were skeletonized. The horizontal and posterior
semicircular canals were identified. The endolymphatic sac was
identified as a thickened portion of the dura, usually deep and
inferior to the posterior semicircular canal, anterior to the sig-
moid sinus, and superior to the jugular bulb. The lateral aspect
of the sac was incised and a silastic sheet was placed into the sac
extending into the mastoid cavity. All patients were discharged
on postoperative day 1. All surgeries were performed by the same
surgeon at a tertiary neurotologic referral center.

Intratympanic Gentamicin Injection

Thirty-three patients with MD refractory to medical man-
agement underwent ITG. Injections were performed on an outpa-
tient basis. The patients were placed in a supine position with
head extension and contralateral rotation. Approximately 0.3 to
0.4 mL of 30 mg/mL buffered solution (pH 6.4) of gentamicin was
slowly injected filling the middle ear space using a small-gauge
needle, or through a ventilation tube. Weekly follow-up examina-
tions were performed including pure-tone audiogram. Symptoms
of vertigo, dizziness, hearing loss, tinnitus, and aural fullness
were recorded. A titration method was used, in which a single
injection was given with repeat injections performed for persis-
tent vertigo attacks. If a significant hearing deterioration
occurred, vertigo attacks stopped, or the frequency of attacks
remained constant after repeated injections, further gentamicin
injection was discontinued. No treatment was given to patients
with less than one vertigo attack per month. ITG was adminis-
tered by two surgeons with similar protocols for treatment and
evaluation.

Statistical Analysis

Comparison between the ELS and ITG groups was per-
formed using the Mann-Whitney U test and Fisher’s exact test.
A P value <0.05 was considered to be statistically significant.
Mean values are reported + standard deviation (SD). All statisti-
cal analyses were performed using GraphPad Prism 7 software.
This study was approved by the institutional review board of the
University of Washington.

RESULTS

Outcomes of ELS

In the ELS group, 72.7% of patients had subjective
improvement in vertigo symptoms after treatment. The
degree of vertigo control following ELS was as follows:
class A in 22 (50.0%) patients, class B in 10 (22.7%)
patients, class C in three patients (6.8%), and class D in
nine (20.5%) patients. The mean (£SD) PTA and WRS
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results after ELS changed from 45.5 dB (+18.8) to 51.8
dB (+26.9) (P = .424), and 71.4% (+24.8) to 71.1% (+32.9)
(P = .367), respectively. Eighteen of the 44 patients
(40.9%) experienced hearing deterioration (for scatter-
grams'® of hearing data see Supplemental Data 1). No
patients suffered from chronic unsteadiness after ELS.
Ten patients underwent secondary treatment, including
vestibular nerve section (n = 4), labyrinthectomy (n = 3),
revision ELS (n = 2), or vestibular implant (n = 1)2%2! for
definitive vertigo control. No surgery-related complica-
tions were identified except worsening of hearing.

Outcomes of ITG

The mean (+SD) number of gentamicin injections
was 2.6 (£1.8) (range: 1-9), with a mean cumulative dose
of 23.3 (+16.4) mg. In the ITG group, 63.0% of patients
had subjective improvement in vertigo symptoms after
treatment. The degree of vertigo control was as follows:
class A in nine (33.3%) patients, class B in 8 (29.6%)
patients, class C in one (3.7%) patient, and class D in nine
(33.3%) patients. The mean (£SD) number of gentamicin
injections for patients who achieved successful vertigo
control was 2.6 (+1.4) (range: 1-6), with a mean cumula-
tive dose of 23.3 (+12.8) mg. The mean (+SD) PTA and
WRS results changed from 60.2 dB (+15.0) to 65.7 dB
(+£15.7) (P = .295), and 42.3% (+31.9) to 28.0% (+27.4)
(P = .085), respectively. Thirteen of 25 patients (52.0%)
experienced hearing deterioration (for scattergrams of
hearing data see Supplemental Data 2). Chronic unstead-
iness was newly developed in eight patients (29.6%). Four
patients underwent secondary treatment due to persis-
tent disabling vertigo attacks, including labyrinthectomy
(n = 3) and vestibular nerve section (n = 1). Middle ear
infection was noted in one patient after ITG and treated
with antibiotics.

Comparison Between the ELS and ITG Groups
Before treatment, the mean preoperative PTA and
WRS in the ELS group were 45.5 dB and 71.4%, while
those in the ITG group were 60.2 dB and 42.3%, respec-
tively. The ITG group started with worse hearing in terms
of both PTA (P = .002) and WRS (P = .0003) as compared
with the ELS group. Vertigo control and hearing outcomes
between the ELS and ITG groups are shown in Table II.
Bilateral audiometric data is displayed in Supplemental
Data 3 and demonstrates stable hearing before and after
treatments in unaffected ears, with no differences between
groups. In the ELS group, 72.7% of patients had subjective
improvement in vertigo symptoms after treatment, while in
the ITG group, 63.0% had a posttreatment subjective
improvement of vertigo. There was no statistically signifi-
cant difference in postoperative vertigo control between the
two groups (P = .453). Of note, although it is generally not
considered as a treatment failure, chronic unsteadiness
occurred in 29.6% of patients who underwent ITG, while no
patient reported this symptom after ELS. The difference in
the development of chronic unsteadiness between the two
groups was statistically significant (P <.001). The two
groups did not show a significant difference in terms of
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TABLE II.

Vertigo Control and Hearing Outcomes Between Endolymphatic
Shunt and Intratympanic Gentamicin Injection Groups.

ELS group ITG group
(n=44) n=27) P
Vertigo control rate 72.7% (32/44) 63.0% (17/27) 4537
Chronic unsteadiness 0% (0/44) 29.6% (8/27) <.001"
Postoperative PTA (dB) 51.8 + 26.9 65.7 + 15.7% .004%
Postoperative WRS (%) 711 +£ 329 28.0 4 27.47 <.001*
Change in PTA (dB) 6.3+ 23.4 554 9.08 .356%
Change in WRS (%) -0.2 +29.2 -14.4 4+ 27.87 .049%
Worsening of hearing 40.9% (18/44) 52.0% (13/25)% 4531

(% of patients)

ELS = endolymphatic shunt surgery; ITG = intratympanic gentamicin
injection; PTA = pure-tone average (0.5, 1, 2, and 4 kHz); WRS = word recog-
nition score.

"By Fisher’s exact test.

*By Mann-Whitney U test.

Sn = 25 (post-procedure audiometry unavailable in two patients).

In = 24 (post-procedure WRS testing unavailable in three patients).

In = 43 (Spanish speaker).

changes in PTA (pre- and posttreatment PTA difference)
(P = .356). However, the change in WRS was significantly
more favorable for the ELS group than the ITG
group (P = .049).

Due to the differences in age and preoperative hear-
ing between the two groups, there could be a bias in inter-
preting the hearing and vertigo outcomes between the two
groups. Therefore, we restricted both groups in order to
match age and hearing levels by removing patients whose
age is under 30 years (n = 4), whose PTA is under 30 dB

TABLE Il

Vertigo Control and Hearing Outcomes Based on a Matched
Analysis.

ELS group (n =26) ITG group (n = 24) P

Sex Male: 14 Male: 9 272t
Female: 12 Female: 15
Age (yn) 53.7 £ 11.2 57.3+13.9  .244%
Symptom period prior to 6.6 + 6.9 58+59 491%
each treatment (yr)
Follow-up duration (months) 40.9 + 32.5 43.9 + 36.8 .882*
Preoperative PTA (dB) 56.4 + 12.2 60.2 + 15.3 273*
Preoperative WRS (%) 56.3 +21.8 42.8 +32.6 120%
Vertigo control rate 73.1% (19/26) 66.8% (16/24) 7607
Chronic unsteadiness 0 25.0% (6/24) .009"
Postoperative PTA (dB) 62.5 + 26.3 64.7 £ 15.2 .352%
Postoperative WRS (%) 60.2 + 36.1 29.8 +26.4 .002%
Change in PTA (dB) 6.2 +27.0 46+79 521*
Change in WRS (%) 3.9+355 -13.6 + 28.1 .046*

Worsening of hearing 50.0% (12/24) 5697

(% of patients)

38.5% (10/26)

ELS = endolymphatic shunt surgery; ITG = intratympanic gentamicin
injection; PTA = pure-tone average (0.5, 1, 2, and 4 kHz); WRS = word recog-
nition score.

By Fisher’s exact test.

*By Mann-Whitney U test.
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TABLE IV.
Association of Age with Vertigo and Hearing Outcomes.

Patients aged Patients aged
10-52 years (n = 34) 53-98 years (n = 37) P

Mean age (yr) 40.2 £ 10.5 65.1 + 10.5 <.001*
Vertigo control rate 70.6% (24/34) 67.6% (25/37) .803"
Change in PTA (dB) 5.4 + 20.0 6.6 + 19.0% .585%
Change in WRS (%) -5.3+27.9" -5.3 +30.9% .849%

Worsening of hearing 45.7% (16/35) >.999"

(% of patients)

44.1% (15/34)

ELS = endolymphatic shunt surgery; ITG = intratympanic gentamicin
injection; PTA = pure-tone average (0.5, 1, 2, and 4 kHz); WRS = word recog-
nition score.

By Fisher’s exact test.

*By Mann-Whitney U test.

Sn = 35 (post-procedure audiometry unavailable in two patients).

n = 32 (post-procedure WRS testing unavailable in two patients).

(n = 9), or whose WRS is over 90% (n = 5) in the ELS
group, and by removing patients whose age is 80 years or
older (n = 3) in the ITG group. After this restriction, a mat-
ched analysis was possible, and the results are displayed
in Table III. Vertigo control rates for the ELS and ITG
groups were 73.1% and 66.8%, respectively, and did not
significantly differ (P = .760). The change in PTA following
treatment was similar between the ELS group and ITG
group (P = .521), while the change in WRS for the ELS
group was significantly more favorable than the ITG group
(P = .046). Chronic post-treatment unsteadiness occurred
in 25.0% of the ITG group and was not encountered in the
ELS group (P = .009).

To further examine whether age or preoperative
hearing could serve as confounders that introduce bias,
we performed several additional analyses to determine
the effect of age and pre-operative hearing on vertigo and
hearing outcomes. We first divided all 71 patients into
two groups based on age (patients whose age was
between 10 and 52 years, and patients whose age was
between 53 and 98 years) and analyzed differences in

TABLE V.

Association of Pretreatment PTA with Vertigo and Hearing
Outcomes.

Patients with Patients with
pretreatment pretreatment
PTA <55 (n=34) PTA>55 (n =35) P

Mean Preoperative PTA (dB) 35.7 + 13.4 65.5 + 9.0 <.001%
Vertigo control rate 70.6% (24/34) 68.6% (24/35) >.9997
Change in PTA (dB) 10.48 + 20.6 1.6 £17.3 .050*
Change in WRS (%) —7.0 + 26.9% -3.7+316 .820*

Worsening of hearing 45.7% (16/35)  >.999"

(% of patients)

44.1% (15/34)

ELS = endolymphatic shunt surgery; ITG = intratympanic gentamicin
injection; PTA = pure-tone average (0.5, 1, 2, and 4 kHz); WRS = word recog-
nition score.

"By Fisher’s exact test.

*By Mann-Whitney U test.

$n = 32 (post-procedure audiometry unavailable in two patients).
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TABLE VL.

Association of Pretreatment WRS with Vertigo and Hearing
Outcomes.

Patients with Patients with
pretreatment pretreatment
WRS > 70 (n=35) WRS <70 (n=32) P

Mean Preoperative WRS (%) 86.4 +9.8 33.1 +19.2 <.001%
Vertigo control rate 71.4% (25/35) 68.8% (22/32)  >.999"
Change in PTA (dB) 6.4+ 18.6 5.0 +20.9 642*
Change in WRS (%) -12.4+275 2.5+29.6 .139*

Worsening of hearing 43.8% (14/32)  >.999"

(% of patients)

45.7% (16/35)

ELS = endolymphatic shunt surgery; ITG = intratympanic gentamicin
injection; PTA = pure-tone average (0.5, 1, 2, and 4 kHz); WRS = word recog-
nition score.

By Fisher’s exact test.

*By Mann-Whitney U test.

vertigo control rate, mean change in PTA, and mean
change in WRS. The results of this analysis are displayed
in Table IV. We performed similar analyses by dividing
patients based on their preoperative PTA (patients whose
PTA was less than 55 vs greater than 55) and preopera-
tive WRS (patients whose WRS was greater than 70 vs
less than 70). The results of these analyses are outlined
in Tables V and VI. Overall, there were no significant dif-
ferences in vertigo control, mean change in PTA, or mean
change in WRS based on age or preoperative hearing.

DISCUSSION

The management of disabling vertigo in patients
with medically refractory MD remains controversial. ITG
has emerged as a popular procedure for treating disabling
vertigo in MD, and surgical procedures are generally less
widely performed due to the perception that ITG is less
invasive than surgery. However, ITG is a destructive pro-
cedure and directly comparing the outcomes of ELS and
ITG is necessary for patient counseling as well as
selecting an appropriate procedure for the treat-
ment of MD.

In this study, hearing was stable or improved in
59.1%, and successful vertigo control was achieved in
72.7% after ELS. This outcome is in accordance with pre-
viously reported results. Derebery et al.?? reviewed the
ELS literature and reported that hearing was improved
or stable in 66% of patients, and vertigo was successfully
controlled (class A or B) in 77% of patients. These results
are quite successful, but skepticism remains due to lin-
gering concerns raised by the “sham study”® despite a
thoughtful re-analysis of those data.” Furthermore, a
recent Cochrane review indicated insufficient evidence for
the beneficial effect of endolymphatic sac surgery.?® Addi-
tional well-designed randomized controlled studies would
be necessary to definitively assess the relative efficacy of
ITG and ELS. Ethical concerns, however, preclude a fully
double-blinded study.

The ITG group showed a successful vertigo control
rate of 63.0%, which is lower but statistically similar to
the ELS outcome. A meta-analysis of ITG was performed
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by Cohen-Kerem et al.>* and found an overall vertigo con-

trol rate of 93% (class A and B), but there was a large var-
iability in vertigo outcome among studies. The cause of
variability in outcome following ITG is unclear, but it
may be related to the natural history of the disease, dos-
ing differences, maternally inherited susceptibility to
aminoglycoside ototoxicity, geographic differences, or eth-
nic population differences among studies.?>?® In addition,
the authors reported that average worsening of hearing
was 1.5 dB after ITG.

Chia et al.?® conducted a similar meta-analysis of
ITG studies but with very different results, reporting a
hearing loss rate of 25.1% across all studies. Derebery
et al.?? report a similar hearing loss rate of 25% in
patients who received ITG. However, both hearing and
vertigo outcomes after ITG can vary depending on the
dose, titration, number, and frequency of injections,
which has contributed to the large variability in outcomes
of previous ITG studies.'*?%27 In our study, 52.0% of
patients showed hearing deterioration after ITG, which is
higher than previous findings and could be the result of
variability in the numbers of injections patients received
along with other previously mentioned factors.'42%25-27

Of note, in our study, eight out of 27 patients (29.6%)
who underwent ITG developed chronic imbalance and
unsteadiness after the treatment. Previous studies have
also revealed that a significant portion of patients com-
plained of chronic unsteadiness or postural instability
after ITG.2%%° Boleas-Aguirre et al.?® reported that 15.5%
of patients with MD treated with ITG showed unsteadi-
ness, even though 81% of them achieved successful ver-
tigo control. Unsteadiness after ITG has been frequently
overlooked, but it should be taken into consideration
when choosing an appropriate treatment and should be
included in the informed consent process. Patients with
chronic unsteadiness should be encouraged to get
involved in a vestibular rehabilitation program, as this
improved subjective evaluation of postural control in a
previous study.?? In severe cases, labyrinthectomy should
be considered. While it is common for patients who
undergo destructive procedures such as labyrinthectomies
to have initial imbalance, this typically resolves and none
of the ELS patients who underwent secondary procedures
experienced chronic unsteadiness as a result. Of note, six
patients with chronic unsteadiness after ITG underwent
rehabilitation and continued to have persistent imbalance
despite this intervention.

Elderly patients with MD showed a higher incidence
of drop attacks and chronic unsteadiness.?*3! In addition,
Sunde et al.?! reported that patients older than 65 years
were more likely to have chronic unsteadiness after ITG
and they therefore recommended alternative treatment
options in this age group. In our study, four patients were
older than 65 years among the eight patients who experi-
enced chronic unsteadiness.

Comprehensive vestibular testing can provide addi-
tional objective data for evaluating vestibular function.
At our institution, with a diagnosis of definite unilateral
Meniere’s disease, these tests are typically performed
only prior to a destructive procedure to ensure the unaf-
fected ear is healthy. Posttreatment vestibular testing
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was not routinely performed for patients in this study but
should be considered for future analyses. While the
results of vestibular testing could also be important for
the management of patients with chronic unsteadiness,
the subsequent evaluation and management of these
patients is beyond the scope of this study.

The use of intratympanic corticosteroid injections has
recently emerged as an alternative to ITG.32 An initial ran-
domized control trial showed that intratympanic dexameth-
asone (ITD) results in significantly greater vertigo control
compared to placebo.®® A subsequent randomized control
trial comparing ITD to ITG demonstrated that ITD is less
effective at controlling vertigo than ITG,** while a more
recent randomized, double-blind control trial comparing
intratympanic methylprednisolone to ITG showed similar
outcomes between the two interventions.?® While additional
studies also support the effectiveness of intratympanic ste-
roids in the treatment of MD,??2® others have shown a
transient or lack of vertigo control following intratympanic
steroids, and controversies remain regarding the efficacy of
this treatment.32*"3% To date, no studies comparing
intratympanic steroid injections to ELS have been publi-
shed. In our study, only one patient from each group
received intratympanic steroids prior to ELS or ITG.

It is also important to note that there can often be
significant symptom overlap between MD and vestibular
migraine (VM), and rates of coexistence can be as high as
30—40% in certain cases.***! Thus, VM should be consid-
ered when evaluating treatment outcomes for MD. We
limited the patients in our study to those that met the
AAO-HNS guidelines for definite MD in order to reduce
the possibility of overlap with other vestibular conditions,
since coexistence of VM and MD are significantly lower in
cases of definite MD.*! While none of the patients in the
ELS and ITG groups had clinical characteristics that
suggested VM, this does not completely rule it out in our
cohorts. In addition, several studies have highlighted the
potential role of allergy in MD.*?*™*5 The patients in our
study were not evaluated for allergies; however, it
remains a possible consideration in the treatment of MD.

In this study, the mean follow-up durations for the
ELS and ITG groups were 39.1 and 43.3 months, respec-
tively, which are longer than the minimum 2-year follow-
up recommended by the 1995 AAO-HNS guidelines. Both
groups also had similar mean disease durations prior to
treatment (5.5 and 6.0 years, respectively). However, the
mean age (60.7 years), preoperative PTA (60.2 dB), and
preoperative WRS (42.3%) of the ITG group were signifi-
cantly different than those of the ELS group (48.6 years,
44.5 dB, and 71.4%, respectively). These differences could
affect vertigo and hearing outcomes and introduce bias.
Therefore, we performed an additional analysis by
restricting either group so that the two groups are age
and hearing matched. This matched analysis still showed
similar results: that vertigo control rate is comparable
between the two groups while the ITG group may experi-
ence hearing deterioration and chronic unsteadiness after
treatment. We performed additional analyses to deter-
mine the effect of age and preoperative hearing on out-
come measures, which revealed no significant differences
in vertigo control or change in hearing based on age or
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preoperative hearing. Furthermore, in a previous study,
MD patients with mild-to-moderate hearing loss had a
tendency toward decreased hearing over time, while those
with severe-to-profound hearing loss generally did not
experience further hearing deterioration.*® The results of
our analyses are consistent with these findings. Despite
these additional analyses, the risk of measurement bias
in our study remains present.*” This could be reduced in
future studies with the use of a standardized question-
naire for the evaluation of vertigo control, as described by
Paradis et al.'”

CONCLUSION

ELS provided vertigo control at least as well as ITG
with potentially better auditory outcomes and none of the
chronic unsteadiness found in over 25% of the ITG group.
This potential complication should be included in
informed consent for ITG. While good results have been
reported by some authors with ITG, ELS remains a valu-
able and extremely safe intervention after failure of medi-
cal management.
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