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Abstract

OBJECTIVE: To compare presentations of Méniére's disease (MD), vestibular migraine (VM), and
Méniere's disease plus vestibular migraine (MDVM), with and without comorbid chronic subjective
dizziness (CSD).

STUDY DESIGN: Retrospective review with diagnosis confirmed by consensus conference of investigators
using published criteria for MD, VM, and CSD.

SETTING: Ambulatory, tertiary dizziness clinic.

PATIENTS: Approximately 147 consecutive patients with diagnoses of MD, VM, or MDVM, with/without
comorbid CSD.

INTERVENTIONS: Diagnostic consultation.

MAIN OUTCOME MEASURES: Similarities and differences between diagnostic groups in demographics;
symptoms; and results of neurotologic, audiometric, and vestibular laboratory assessments.

RESULTS: Seventy-six patients had MD, 55 MD alone. Ninety-two patients had VM, 71 VM alone.
Twenty-one patients had MDVM, representing about one-quarter of those diagnosed with MD or VM.
Clinical features thought to differentiate VM from MD were found in all groups. Twenty-seven patients with
VM (38%) had ear complaints (subjective hearing loss, aural pressure, and tinnitus) during episodes of
vestibular symptoms and headache, including 10 (37 %) with unilateral symptoms. Conversely, 27 patients
with MD alone (49%) had headaches with migraine features that did not meet full IHS diagnostic criteria,
migrainous symptoms (photophobia, headache with vomiting), or first-degree relative with migraine.
Including MDVM patients, 59% (45/76) of all patients with MD had migrainous features. Thirty-two patients
had CSD; most (29; 91%) were in the VM group.

CONCLUSION: Comorbidity was common between MD and VM, and their symptoms overlapped. More
specific diagnostic criteria are needed to differentiate these diseases and address their coexistence. CSD
co-occurred with VM but was rarely seen with MD.
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TABLE 5. Demographics, audiovestibular symptoms, family history, and self-ratings by diagnostic group

Disease p value Sensitivity and specificity Sensitivity index (d")
VM MDVM MD VM VM MDVM
Variable n=71) (n=21) (n=155) wversus MD  versus MDVM  versus MD VM MDVM MD VM MDVM MD
Demographic data
Race (Caucasian) 62 (87%) 19 (90%) 49 (89%) 0.76 0.7 0.9 NA NA NA NA NA NA
Sex (female) 59 (83%) 12 (57%) 19 (35%) <0.0001 0.013 0.07 83%/59%  ST%/38%  35%/23% 1.182 -0129 -—1.124
Age onset (y1) 41 42 51 0.0007 0.71 0.07 NA NA NA NA NA NA
liness duration 6 months 1 year 1 year <0.0001 0.007 0.338 NA NA NA NA NA NA
Vestibular symptoms
Vertigo duration (h) 19 (38%) 14 (70%) 47 (90%) 00001 0.04 0.09 38%/15% T0%/36% 90%/53%  —1.342 0.166 1357
Unsteadiness 49 (92%) 16 (100%) 44 (86%) 031 026 0.11 92%/10%  100%/11% 86%/6% 0.124 1.1 =0.474
Dizziness (nonvertiginous) 38 (78%) 5 (50%) 25 (50%) 0.0044 0.07 1 T8%/50%  S0%/36%  50%/27% 0.772  —0358 —0613
Auditory symptoms
Fluctuating HL 9 (14%) 13 (62%) 43 (78%) =0.0001 00001 0.14 14%/26% 62%/57% 78%/75% —1.724 0.482 1.447
Progressive HL 14 (22%) 18 (86%) 51 (93%) =0.0001 <0.0001 0.34 22%/9% 86%/46%  93%/63%  —2.113 0.98 1.808
Tinnitus 37 (55%) 18 (B6%) 53 (96%) =0.0001 0.014 0.09 55%(T% 86%/26%  96%/38%  —1.35 0437 1.445
Aural fullness 33 (51%) 14 (67%) 43 (78%) 0.0026 0227 0.3 51%/25%  67%/37%  T8%/45%  —0.649 0.108 0.647
Otalgia 17 (27%) 4 (24%) 9 (17%) 0.09 0.75 0.4 27%/82%  24%/78%  17%/73% 0.303 0066  —0341
Hearing loss related to vertigo 8 (44%) 4 (22%) 21 (43%) 091 0.16 0.12 44%/63%  22%/55%  43%/67% 0.181  —0.647 0.264
Tinnitus related to vertigo 13 (50%) 7 (39%) 27 (59%) 047 047 0.15 50%/47%  39%/44%  59%/55%  —0.075  —043 0353
Aural fullness related to vertigo 16 (70%) 7 (50%) 24 (65%) 0.71 023 0.33 T0%/39%  S0%/33%  65%/47% 0245 —044 031
Family hist
Faiﬁly ﬁgmy of vertigo/dizziness 16 (30%) 10 (56%) 7 (17%) 0.16 0.04 0.002 30%/T72%  S6%/T6%  17%/63% 0.058 0857 —0622
Family history of hearing loss 11 (25%) 8 (44%) 13 (33%) 0.74 0.19 0.35 25%/64%  44%/73%  33%/69%  —0.316 0.462 0.056
Other
Mean DHI score 51 40 41 0.02 0.03 0.76 NA NA NA NA NA NA
HADS (abnormal) 32 (48%) 6 (32%) 22 (45%) 0.58 0.11 0.26 48%/59%  32%/53%  45%/56% 0.177 —0392 0.025
Comorbid CSD 29 (41%) 1 (5%) 2 (4%) <0.0001 0.002 0.82 41%/96% 5%/75% A%76% 1.52 -097 —1.044

Gray shaded boxes mark variables with statistical significance (p < 0.05) in the 3-way multivariate logistical regression analysis; bold p values are significant in bivariate analysis.
CSD indicates chronic subjective dizziness; DHI, Dizziness Handicap Index; HADS, Hospital anxiety and depression scale.

TABLE 6. Headache-related variables by diagnostic group

Disease p value Sensitivity and specificity Sensitivity index (d”)
VM MDVM MD VM VM MDVM
Headache variable (n=71) (n=21) (n=55) versus MD  vesus MDVM versus MD VM MDVM MD VM MDVM MD
History motion sickness 23 (51%) 6 (32%) 8 (20%) 0.0023 0.15 0.3 51%77%  32%64%  20%/55% 0764  —0.109  —0.716
Migrainous sensory symptoms 37 (95%) 15 (94%) 12 (29%) <0.0001 0.87 <0.0001 95%/53%  94%39%  29%/5% @ 1.72 1275 —2.198
occurring with vestibular symptoms
HA 70 (99%) 20 (95%) 38 (81%) 0.0026 0.46 0.14 99%/15%  95%/8% 81%/2% 129 024 =1.176
HA age of onset (years) 28 34 23 0.44 0.91 0.5 NA NA NA NA NA NA
HA frequency (daily or weekly) 42 (67%) 9 (47%) 6 (19%) <0.0001 0.31 0.008 67%/70%  47%M49%  19%/38% 0964  —0.1 —1.183
HA Duration (days) 24 (43%) 3(21%) 2 (8%) 0.0012 0.23 0.4 43%87%  21%68%  8%/61% 095 -0339  -1.126
HA severity (mod/severe) 42 (96%) 9 (69%) 5 (26%) <0.0001 0.02 0.04 96%/56%  69%25%  26%/10% 1902 —0.179  —1.925
Photophobia w/ HA 57 (86%) 18 (90%) 14 (40%) <0.0001 0.67 0.0003 86%/M42%  90%30%  40%/12% 0878 0.757 —1.428
Phonophobia w/HA 42 (82%) 1 (50%) 10 (63%) 0.1 0.25 0.7 82%MA9%  S0%22%  63%/28% 0636  —0.772  —0.251
Nausea/vomit w/ HA 42 (72%) 14 (82%) 7 (20%) <0.0001 0.41 <0.0001 T2%60%  82%M47%  20%25%  0.836 0.84 —1.516
Triggers for HA 29 (69%) 4 (31%) 3 (11%) <0.0001 0.01 0.11 69%83%  31%/54%  11%/40% 145 —0395 —1.48
Balance symptoms with HA 47 (81%) 14 (82%) 9 (31%) 0.07 0.42 0.03 81%/50%  82%36%  31%/19% 0878 0557  —1.374
Frequency of balance symptoms 45 (80%) 14 (82%) 8 (29%) <0.0001 0.59 0.002 80%/49%  82%M37%  29%/19%  0.817 0.586  —1.431
with HA (mostsome of time)
Aun 23 (62%) 4 (25%) 7 (22%) 0.0003 0.007 0.8 62%77%  25%/57%  22%/49%  1.044  —0498  —0.797
Family history of migraine 36 (61%) 12(60%) 11 (26%) 0.0017 0.96 0.016 61%/63%  60%/54%  26%/39% 0611 0354  —0.923

Gray shaded boxes mark variables with statistical significance (p < 0.05) in the 3-way multivariate logistical regression analysis; bold p values are significant in bivariate analysis.

TABLE 7. Physical examination and laboratory test results by diagnostic group

Disecase p value Sensitivity and specificity Sensitivity index (d)
VM MDVM MD VM VM MDVM
Variable (n=T1) (n=21) (n=355) wversus MD wversus MDVM  versus MD VM MDVM MD VM MDVM MD
Physical examination
Headshake nystagmus (abnormal) 9(15%) 14(70%) 28 (62%) <0.0001 <0.0001 0.55 15%/35%  T70%/65%  62%/71% —1.42 0.91 0.86
Head thrust (abnomal) 2(3%) 6(29%) 16 (37%) <0.0001 0.0017 0.3 3%/66%  29%/B3%  3T%/B9% —1.47 0.40 0.90
Nystagmus with mastoid vibration (abnormal) 7(12%) 7(35%) 25 (60%) <0.0001 0.03 0.17 12%/48% 35%/68%  60%/82% —1.23 0.08 1.17
Smooth pursuit (abnormal) 5 (8%) 3 (14%) 2 (5%) 0.09 0.43 0.18 8%/92%  14%M93%  5%90% 0 0.40 —0.36
Saccades (abnormal) 0(0%) 1(5%) 2 (5%) 046 0.09 0.98 0%/95%  5%/98% 5%M99%  —0.68 0.41 0.68
Vestibular testing
Mean caloric asymmetry (%) 13% 30% 33% =0.0001 0.02 0.75 NA NA NA NA NA NA
Caloric asymmetry (abnormal) 12(17%)  12(63%) 37 (69%) <0.0001 0.0001 0.67 17%/33%  63%60%  69%/73% —1.39 0.59 1.11
Mean directional prep. (%) 13% 21% 19% 0.09 0.11 0.58 NA NA NA NA NA NA
Directional prep. (abnormal) 5(15%) 6 (46%) 13 (29%) 0.5 0.03 0.24 15%/67% 46%/77%  29%/76% —0.60 0.64 0.15
Rotary chair phase (abnormal) 5(18%) B (47%) 34 (68%) =0.0001 0.04 0.12 18%/37% 47%/50%  68%/71% —1.25  -0.08 1.0z
Rotary chair gain (0.01 Hz) 0.36 028 0.25 <0.0001 0.03 0.48 NA NA NA NA NA NA
Rotary chair symmetry (abnormal) 8 (29%) 2(12%) 18 (35%) 0.02 0.91 0.07 29%/7T1% 12%67%  35%/78% 0 =0.74 0.39
Rotary chair summary (abnormal) 8 (29%) 8 (47%) 41 (82%) <0.0001 0.21 0.005 29%/27% 4T%3 7%  82%/64% —1.17 —0.41 1.27
Posturography (SOT composite) 16 (27%) 5(33%) 21 (42%) 0.1 0.1 0.69 27%/60%  33%M66%  42%/72% —0.36 —0.03 0.38
VEMP (abnormal) 9(16%) B(57%) 14 (45%) 0.0068 0.03 0.46 16%/51% 57%/74%  45%/76% —0.97 0.82 0.58
Aundiometry
PTA = 25 dB initial 10 (7%) 19 (83%) 50 (83%) 0.0011 0.0001 0.3 T%/M1T%  83%/69%  83%/82% —2.43 1.45 1.87
PTA = 25 dB worst 12 (9%) 24 (100%) 60 (100%)  <0.0001 <0.0001 0.79 9%/0%  100%/63% 100%/78% —3.67 2.66 3.10
Discrimination <85% initial 3 (2%) 14 (61%) 37 (63%) <0.0001 0.015 0.21 2%/38%  61%/79% 63%/89% —2.36 —0.80 1.56
Discrimination <85% worst 3 (2%) 19 (86%) 51 (86%) <0.0001 <0.0001 0.52 2%/14%  B6%/T72%  B6%/B6% —3.13 1.66 2.16
Change in discrimination 002+0.14 —048+37 0.6+2.0 0.0002 0.31 0.88 NA NA NA NA NA NA
(“%o/month—mean + standard
deviation)
Hearing class (initial class B-D) 6 (5%) 20 (83%) 42 (71%) <0.0001 0.57 5%025%  B3%/T74%  T1%/83% —2.32 1.60 1.51
Hearing class (worst class B-D) 8 (6%) 23 (96%) 56 (95%) <0.0001 0.52 6%/5%  96%/66%  95%/T9% —3.20 2.16 245
Hearing loss pattern (low tone) 0(0%) 10 (42%) 24 (40%) <0.0001 0.32 0%/60%  42%/82%  40%/71% —2.84 0.71 0.3

Gray shaded boxes mark variables with statistical significance (p < 0.05) in the 3-way multivarate logistical regression analysis; bold p values are significant in bivardate analysis.
Disc. indicates word discimination score; NA, not applicable; PTA, pure tone average (500, 1,000, 2,000, and 3 000 Hz); SOT, sensory organization test; VEMP, vestibular evoked myogenic potential.



TABLE 8. Multivariate logistic analysis: pairwise and 3-way comparisons by diagnostic group
. . VM versus MD VM versus MDVM MDVM versus MD 3-way comparison
Criteria Variables
p ROC(AUC) p ROC(AUC) p ROC(AUC) p  ROC (AUC)
Meniere's Vertigo NS 0.957 NS 0.948 NS 0.675 0.028 VM 0.947
disease criteri . o MD 0.847
1SCaSE CTEME Hearing loss (objective)  0.0001 0.0001 NS 0.0001 )\
Aural fullness 0.0041 NS NS NS 0.755
Tinnitus NS NS NS NS ’
WVestibular Episodic vertigo 0.050 0.981 NS a NS 0.973 NS VM 0.992
migraine criteria MD 0.986
Migraine diagnosis 0.0001 — 0.0001 0.047 MDVM
Migraine characteristics 0.0005 NS 0.0045 NS 0.878
during vestibular
symptoms
Migraine triggers NS NS NS 0.013
Best model Headache 0.0005 VM 1.00
(moderate/severe) MD 0.997
Caloric (directional 0.0019 MDVM
preponderance) 0.996
Rotary chair (abnormal 0.015
summary)

Audiometry (initial PTA)

0.0001

Values equal to or greater than 0.9 are marked in bold italics. These occur when sensitivities and specificities both exceed 0.80.
NS indicates not significant; ROC (AUC), receiver operating characteristic area under the curve.
“Unreliable calculation because of fewer than 5 cases in at least 1 category.
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TABLE 1. 1995 committee on hearing and equilibrium
guidelines for Méniére's disease diagnosis

TABLE 2. Diagnostic criteria for vestibular migraine or

migrainous vertigo (2,19)

Certain Méniére’s discase
Definite Méniere’s disease, plus histopathologic confirmation.
Definite Méniere’s discase
Two or more definitive spontaneous episodes of vertigo 20 minutes
or longer.
Audiometrically documented hearing loss on at least one occasion.
Tinnitus or aural fullness in the treated ear.
Other causes excluded.
Probable Meniere’s disease
One definitive episode of vertigo.
Audiometrically documented hearing loss on at least one occasion.
Tinnitus or aural fullness in the treated ear.
Other causes excluded.
Possible Méniére’s disease
Episodic vertigo of the Méniére’s type without documented
hearing loss, or
Sensorineural hearing loss, fluctuating or fixed, with disequilibrium
but without definitive episodes.
Other causes excluded.

Audiometrically documented hearing loss is defined as the following:

1) the average hearing threshold at 0.25, 0.5, and | kHz is 15 dB or greater

worse than the average of 1, 2, and 3 kHz; 2) in unilateral cases, the PTA

(0.5, 1, 2, and 3 kHz) is 20 dB or greater worse in the suspected car than

the opposite side; and 3) in bilateral cases, the PTA (0.5, 1,2, and 3 kHz) is
25 dB or greater in both ears.

TABLE 3. Diagnostic criteria for chronic subjective

dizziness (4,32)

1. Subjective unsteadiness or dizziness—persistent (>3 mo) sensations of
unsteadiness or nonvertiginous dizziness that are present on most
days.

These symptoms may be described as:

A. Rocking, swaying, or wobbling that is usually not apparent to others.

B. A feeling that the floor is moving or wavy.

C. Lightheaded, foggy or cloudy in the head.

D. Heavy headed or full in the head.

E. Spinning “‘inside the head™ without a perception of movement of
the visual surround.

F. A feeling of dissociation from the environment.

Hypersensitivity to motion—chronic (=3 mo) hypersensitivity
to one’s own motion, which is not direction specific, and to the
movement of objects in the environment.

. Visual dizziness (a.k.a. visual vertigo)—cxacerbation of symptoms in
settings with complex visual stimuli, such as displays in grocery stores
or shopping malls, or when performing precision visual tasks (e.g.,
reading or working on a computer).

Definite vestibular migraine (need to meet A-D)

A. Episodic vestibular symptoms of at least moderate severity.

B. Current or previous history of migraine according to the 2004
[CHD-II criteria.

C. One of the following migraine symptoms during 2 or more vertigo
attacks: migrainous headache, photophobia, phonophobia, visual
aura, or other aura (dizziness not included).

D. Other causes ruled out by appropriate investigations.

Note: vestibular symptoms are defined as rotational vertigo or another
illusory self motion or object-motion. Moderate severity- symptoms
interfere but do not prohibit daily activities.

Probable vestibular migraine (need to meet A-C)

A. Episodic vestibular symptoms of at least moderate severity.

B. One of the following:

(1) Current or previous history of migraine according to the 2004
ICHD-II criteria;

(2) Migrainous symptoms of photophobia, phonophobia, aura, or
other aura during vestibular symptoms;

(3) Migraine precipitants of vertigo in more than 50% of vertigo
attacks: food triggers, sleep irregularities, or hormonal changes;

(4) Response to migraine medications in more than 50% of attacks.

C. Other causes ruled out by appropriate investigations.

ICHD-II indicates International Classification of Headache Disorders,
2nd edition, by the International Headache Society (37).

TABLE 4. Characteristics of patients in the 3 diagnostic groups

MD (n =55) MDVM (n = 21) VM (n=71)
Episodes of simultaneous Yes 28 (51)  Bilateral 10 (18)  9(43%)  Bilateral 6 (29) 27(38%)  Bilateral 17 (24)
vestibular and aural symptoms Unilateral 18 (33) Unilateral 3 (14) Unilateral 10 (14)
No 21 (38) 10 (48) 40 (56)
Unknown 7(12) 2(9) 4 (6)
Strictly unilateral ear 31 (56) 7(33) 23 (32)
symptoms (anytime)
Bilateral ear symptoms (anytime) 19 (35) 13 (62) 29 (41)
Bilateral MD diagnosis 5(9) 3(14) NA
MD category Definite 48 (80) ears 18 (75) ears NA
Probable 12 (20) ears 6 (25) ears
MD stage Stage 1 1 (2) ear 0 (0) ears NA
Stage 2 5 (10) ears 1 (6) ear
Stage 3 33 (69) ears 15 (83) ears
Stage 4 9 (19) ears 2(11)ears
Migraine type” Without aura NA 18 (86)° 42 (59)°
With aura 3 (14)° 29 (41)°
VM category Definite NA 8(38) 36 (51)
Probable 13 (62) 35 (49)

Values in parentheses are in percentages.

MD indicates Méniere’s disease; MDVM, Meniere’s disease with concomitant vestibular migraine; NA, not applicable; VM, vestibular migraine.

“Statistically significant (p < 0.05).
"Headache meets 2004 ICHD-II criteria for migraine.
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