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“Ipsilateral side.
cVEMP, cervical vestibular-evoked myogenic potential; IAD, interaural difference; L, left; OD, right eye; OS, left eye; OU, both eyes; 0VEMP, ocular VEMP; SVV, subjective visual vertical.
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Lesion on Onset-to-  Onset-to- HIT VOR gain (1) Canal OVEMP CVEMP Pure tone

MRI* MRI(d)  VFT(d) asymmetry average
He e € %) 1/Q)
L superior vestibular 2 23R
1 Fl65 3 091 1.06 0.82 = R(10) L L Normal 33/24
nerve LICW
2 2.1R
2 M/32 L vestibule 3 1.09 127 1.04 R L(12) L L Normal 10112
LICW
L inferior vestibular 2 19R 1.7D
3 M/74 2 1.08 122 123 R L(14) Normal L L 43/44
nerve, vestibule LICW
L inferior vestibular 1 21R 13U
4 F/65 18 097 078 1.00 R R(37) L L L 32/29
nerve, vestibule 1L6CW

“The lesion was decided using quantitative measurement of the normalized signal intensity of each neural structure as described previously (14) (upper normal limit < 1.49 and < 1.62 for the superior and inferior vestibular nerves, respectively; <0.69 for the vestibule;
<040, <061, and < 0.63 for the HC, AC, and PC, respectively),
AC, anterior canal; C, contralateral; CCW, counter-clockwise (the upper pole beating toward the left shoulder); CW, clockswise; D, down; F, female; HC, horizontal canal; HSN, head-shaking nystagmus; I ipslaterals L, lefi; M, male; R, right; VT, vestibular function test; Ui up.
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Acute attack of peripheral vestibular

vertigo
BPPV

Menieres disease

No specific precipitants

Sudden deafness with vertigo
Chronic ansxiety disorders
Vestibular neuritis

Phobia

Post-traumatic inner ear concussion
Orthostatic dysregulation

Panic attack

Cerebellar infarction

Ramsay Hunt syndrome

BPPV, Benign paroxysmal positional vertigo.
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PPPD Meniere’s p value

(n=105) disease
((UEELE )] (n=130)
(mean + SD)
Age 4992160 522£145 0.1683
Men/Women 2679 51179 <005
DHI
Total 5674185 346£240 <0.0001
Physical 161262 8969 <0.0001
Emotional 201474 13695 <0.0001
Functional 206486 12599 <0.0001
NPQ
Total 4185152 27220 <0.0001
Upright/ 132254 73270 <0.0001
walking
Motion 141251 87167 <0.0001
Visual 145265 7627.1 <0.0001
HADS
Total 185280 136473 <0.0001
Anxiety 95245 68+42 <0.0001

Depression 90446 69439 <0.001
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PPPD (n = 105) Meniere’s p value

(mean + SD) disease
(n=130)
(mean + SD)

CP (%) 169188 242201 <0.05
Asymmetry 162115 1922215 09221
ratio of cVEMP
(%)
Asymmetry 1654181 1942222 04735
ratio of OVEMP
)
VOR-DP (%) 72469 1042141 01023
Ellipse area 70478 5027 04229
(eyes open)
(em?)
Ellipse area 99494 80282 02083
(eyes closed)

(cm?)
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Characteristic All SRT HSN+SRT ~ BLT+SRT  SSPT+SRT = RART+SRT

participants n=110 n=112 n=108 n=114 n =109
n =553

Gender (1,%) 6983 | 0137
Male 175 (31.65) 38(34.55) 32(28.57) 32(29.63) 29 (25.44) 44/(40.37)
Female 378 (68.35) 72(65.45) 80 (71.43) 76(70.37) 85(74.56) 65(59.63)
Age (n,%) 1279 0865
<40y 83 (15.01) 20(18.18) 16(14.29) 14.(12.96) 17 (1491) 16 (14.68)
>=40y 470 (84.99) 90 (81,82) 96 (85.71) 94 (87.04) 97 (85.09) 93(85.32)
BMI (1,%) 4129 0389
<2kgm? 219(39.60) 44 (40) 49 (43.75) 48 (44.44) 38 (33.33) 40/(36.70)
>24kg/m’ 334 (60.40) 66 (60) 63 (56.25) 60/(55.56) 76 (6.67) 69 (63.30)
Duration of dizziness (1, %) 9947 0269
<7days 171(3092) 31(28.18) 23(20.54) 41(37.96) 39 (34.21) 37 (33.94)
7-30days 252(45.57) 52(47.27) 57 (50.89) 45 (41.67) 51(44.74) 47 (43.12)
>30days 130 23.51) 27(24.55) 32(2857) 22(2037) 24(21.05) 25(2294)
‘The affected semicircular canal and type of BPPV (1, %) 20187 | 0064
R-HSC-Can 282 (50.99) 51(46.36) 57 (50.89) 48 (44.44) 63 (55.26) 63 (57.80)
L-HSC-Can 156 (28.21) 37(33.64) 30 (26.79) 35 (3241) 32(28.07) 22(20.18)
R-HSC-Cup 61(11.03) 16(14.55) 17(15.18) 10(9.26) 10(8.77) 8(734)
L-HSC-Cup 54(9.76) 6(5.45) 8(7.14) 15 (13.89) 9(7.90) 16 (14.68)

HST +SRT; head:-shaking test + supine roll test; BLT +SRT; bow and lean test+supine rolltest.
SSPT + SRT, seated supine positioning test + supine roll test; RART-+ SRT, rapid axial roll test + supine roll test.
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Degree of vestibular hydrops Low High

Vestibular Endolymphatic ratio <67% >67%
Perilymphatic enhacement Yes No
Vestibular herniation to the ampulla No Yes
Reason for the first consultation Hearing impairment Vestibular impairment
Cardiovascular risk factors Yes No

Subgroup of Ménire’ disease Delayed





OPS/images/fneur-15-1432608/fneur-15-1432608-t002.jpg
Cases (n) Cases with elicited Elicitation rate of

nystagmus (n) nystagmus (%)
SRT 1o 8 7727
HST+SRT 2 91 8125
BLT+SRT i 9 81.58° 15.189 p=0004
SSPT+SRT 108 %0 8333
RART+SRT 109 104 95.41°
Total 553 470 8199

HST + SKT, head-shaking test + supine rolltest; BLT-+ SKT, bow and lean test + supine roll test.
SSPT+ SR, seated supine positioning test + supine rolltest; RART-+ SR, rapid axial rolltest+ supine roll test.

a\b: The same letters meaned there was no statsticall significant difference between the groups. Different letters meaned there was a statistical significance between the groups. Pairwise
comparison between groups and adjust the inspection level. a=0.05, ****p<0.005. RART + SKT vs. SRT: £2=15.239, p<0.001; RART + SRT vs. HST+ SKT: 52= 10,674, p=0.001; RART + ST
vs. BLT+SRT: 2= 10.353, p=0.001; and RART +SRT vs. SSPT + SRT: 2 =8.354, p=0.004.
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patients were diagnosed as HSC-BPPV

According to different positional tests received
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Sequence

Slice thickness (mm)
Slices

Field of view (mm)
Resolution (pixels)
Voxel size (mm)
TR (ms)

TE (ms)

TI (ms)

Flip angle
Bandwidth (Hz/Px)

Acquisition time (min:s)

T2 SPACE
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Variable Groups

Cochleocentric Non-cochleocentric
n (%) n (%)
Sex 0394
Male 71(51.82) 26(47.27) 45(54.88)
Female 66 (48.18) 29(52.73) 37 (45.12)
Cochlear hydrops degree 0.068
None 2417.52) 12(21.82) 12(14.64)
Mild 45(32.85) 12(21.82) 33 (40.24)
Severe 68 (49.63) 31(56.36) 37(45.12)
Vestibular hydrops degree <0001
None 16(11.68) 16(29.09) 0(0.00)
Mild 15(1095) 11(20.00) 4(488)
Moderate 51(37.23) 19.(34.55) 32(39.02)
Severe 55(40.14) 9(16.36) 46 (56.10)
Perilymphatic enhacement 0.019%
Absent/Cochlea 119 (86.86) 43(78.18) 76 (92.68)
Vestibule/Cochleovestibule 18(13.14) 12(21.82) 6(732)
Herniation toward ampulla 0.006*
Absent 88(64.23) 43(78.18) 45(54.88)
Present 49(35.77) 12(21.82) 37 (45.12)
Symptom onset 0232
Synchronous 42(30.66) 15(27.27) 27(3293)
Auditory symptoms first 58 (42.33) 28(50.91) 30 (36.59)
Vestibular symptoms first 37(27.01) 12(21.82) 25 (30.48)
Reason for consultation 0.019%
Unclear 5(3.67) 4(7.41) 1(1.22)
Falls 1073) 1(1.85) 0(0.00)
Vertigo 103 (75.74) 37(68.52) 66 (80.49)
Fluctuating HL 10(7.35) 5(9.26) 5(6.10)
Unsteadiness 8(5.89) 1(1.85) 7(8.53)
BPPV poor evolution 1073) 0(0.00) 10.22)
Progressive HL 8(5.89) 6(1L11) 2(244)
Tumarkin 0357
Absent 114 (83.21) 48(87.27) 66 (80.49)
Present 23(16.79) 701273) 16(19.51)
Headache 0778
Absent 103 (75.73) 40 (74.07) 63(76.83)
Migraine 2417.65) 11(2037) 13(1585)
Tension-type 9(6.62) 3(5.56) 6(732)
CV risk factors, 0.036*
Absent 105 (77.20) 37(67.27) 68 (83.95)
Present 31(22.80) 18(32.73) 13(16.05)
Spontaneous nystagmus 0.483
Absent 67(49.26) 29(53.70) 38 (46.34)
Present 69(50.74) 25 (46.30) 44 (53.66)
Video head impulse test 0549
Normal 99 (73.88) 41(77.36) 58 (71.60)
Abnormal 35(26.12) 12(22.64) 23 (28.40)
Ménire’ disease subgroup 0.044%
Classic 84(70.94) 29(61.70) 55 (77.14)
Delayed 11(9.40) 8(17.02) 3(429) 002758
Familiar 2(1.71) 1213) 10.43)
With migraine 11(9.40) 7(14.89) 4671
Autoimmune 9(7.69) 2(4.26) 7(10.00)
Total 137 (100) 55 (40.15) 82(59.85)

*p<0.05. Results of Chi-square test with Monte Carlo simulated p-values. APost ho significant test that explains a sgnificant multicategorical chi-square test. Missing values are not included
i this table, since these data have been excluded from the statisical analysis.
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Elicitation rates of Elicitation rates of Agreement in Cure rate (n, %)

nystagmus in in SRT (n, determining affected
alternative positional semicircular canal (n, %)
tests (n, %)
HST+SRT 44 (36.61)° 89 (79.46)" 36 (32.14) 35(97.22)
BLT+SRT 45 (3947 79 (69.30)° 30(2632) 28(93.33)
SSPT+SRT 55(50.93)° 96 (88.89)° 50 (46.30) 48 (96.00)
RART+SRT 101 (92.66)" 102 (93.58)° 96 (85.45) 94(97.92)
7 85558 26935 103.034 1618
» <0.001 <0.001 <0.001 0655

HST + SKT, head-shaking test + supine rolltest; BLT-+SKT, bow and lean test + supine rol test.
SSPT+ SR, seated supine positioning test + supine rolltest; RART-+ SR, rapid axial rolltest + supine roll test.

a\bic: The same letters meaned there was no statistically significant difference between the groups. Different letters meaned there was a statistical significance between the groups. Pairwise
comparison betwween groups and adjust the inspection level. a=0.05, ***4p <0.0083.

Elicitation rates of nystagmus i alternative positional tests: RART vs. HST: x°=69.747, p<0.001; RART vs. BLT: '=69.727, p<0.001; RART vs. SSPT: 1'=46.757, p <0.001.

tation rates of nystagmus in SRT: HST + SRT vs. BLT + SKT: 1 .008; BLT + ST v5, SSPT + SRT: '=12.754, p <0.001; HST +SRT vs. RART + SRT: £°=9.379, p=0.002;
BLT + SRT vs. RART + SRT: z7=21.488, p<0.001.
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Variable Total Groups

Cochleocentric Non-cochleocentric
Median Median IGR Median IGR

Age 56 17 57 19 56 18 0281
Disease duration 3 7 4 fl 3 6 0.250
Endolymphatic ratio 7 50 55 4950 80.50 38 <0001*

Number of vertigo spells” 4 6 4 4 5 5 0502
Pure tone audiometry 51 3150 4250 3238 5650 2972 0.066
Low frequency PTA 55 25 55 2250 55 30 0.280
High frequency (4-8Hz) 60 2170 55 2.5 60 19.50 0313
PTA

p<0.05; IQR, Interquartile range. "Number of vertigo spells in the 6 months previous to evaluation.
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SRT (n, %)

Agreement (n,

Kappa value

p-values

HST (m, %)

BLT (n, %)

SSPT (n, %)

RART (1, %)

SR, supine roll test; HST, head-shaking test; BLT, bow and lean test; SSPT, seated supine positi

)
=)

39 (34.82)
50 (44.64)
34 (31.48)
45 (41.67)
52 (45.62)
38(33.33)
9 (90.83)
3(275)

5(447)
57 (50.89) 0128
18 (16.07)
11(10.19)
52(48.14) 0037
18 (16.67)
3(263)
73 (64.04) 0295
21(18.42)
201.83)
104 (95.41) 0642
5(459)

ling test; RART, rapid axial roll test,

0053

0633

0071

<0001
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Variable P-value

Cochleocentric Non-cochleocentric
Mean SD Mean SD
Days since last crisis 3 88 54 9 45 81 0738
CVEMP asymmetry 3631 2829 3383 2552 37.83 2976 0621
OVEMP asymmetry 3615 2699 3278 2558 3820 2762 0331

SD, Standard deviation.
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Controls Patients Mann-Withney test

Mean (s.d.) Median Mean (s.d.) Median P

Age 48.7(182) 477 579 (15.7) 622 0011
Stable gaze delay right (ms.) 359 (102) 354 422 109) 398 <001
Stable gaze delay left (ms.) 358 (63) 350 404 (100) 387 0.021
Right gaze amplitude (deg.) 61(15) 62 53(6) 53 <001
Left gaze amplitude (deg) 59 (18) 59 70) 48 <001
Right saccade amplitude (deg.) 20 2 230) 2 ns.

Left saccade amplitude (deg.) 2(6) 2 21(5) 20 ns.

Right saccade velocty (deg./sec.) 372(87) 353 363 (78) 360 ns.

Left saccade velocty (deg./sec.) 364 (79) 344 380 (94) 356 ns.

Global gain right 104 (0.07) 104 0.78 (0.20) 088 <001
Global gain left 1.04(0.07) 103 083 (0.21) 089 <001
Pre-stall gain right 105 (0.07) 104 090 (0.12) 092 <001
Pre-stall gain left 104 (0.06) 103 0,95 (0.09) 095 <001
Head velocity right (deg./sec.) 289 (81) 281 186 (79) 170 <001
Head velocity left (deg./sec.) 268 (64) 265 185 (86) 155 <001
Stall speed right (deg/sec) 295 (69) 286 133 (50) 124 <001
Stall speed Left (deg./sec.) 266 (65) 263 142(69) 124 <001
Head mover ratio right 094 (0.22) 096 0.81(0.25) 081 <001

Head mover ratio left 103 (0.84) 091 077 (023) 075 <001
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MSSQ-S: motion sickness susceptibiity questionnaire-short score, LF: low-frequency component, HE: high-frequency component, Haz: Hertz, rMSSD: root mean square of the successive
diffrences, pNN50: Percentage of adjacent normal-to-normal intervals differing by more than 50 ms. “Chi-square tests; “two independent sample f-tets; ‘Kolmogorov-Smirnov Z tests;
“Proportion of subjects with low’high susceptibility in electric and visual-motion cage rotating chair.
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Unadjusted OR (95% CI) ~ Age and Sex adjusted  Multivariable analysis (95%  p value for t

OR (95% ClI) Ccit

Age 1.03 (0.99-1.06) = 1.00 (0.96-1.03) 0.801
Male sex 0.90 (0.36-2.27) - 1.28 (0.42-3.90) 0.665
Vascular risk factors* 1.78(1.17-2.68) 1.69 (1.09-2.60) 1.65 (1.02-2.69) 0.043
Bilaterally positive HITs 7.50(2.43-23.19) 6.77 (2.10-21.85) 6.12(1.77-21.14) 0.004
‘Wrong-way saccades during -

HITs 0.72(0.24-2.15) 0.79 (0.26-2.42)

VOR gain, HC, ipsilesional 0.54(0.09-3.18) 0.51(0.09-3.10) -

Pure tone asymmetry 0.14(0.02-0.81) 0.15(0.02-1.01) 0.14 (0.02-1.17) 0.070

The lesioned side was assigned according 1o the hearing impairment, “Counts of vascular risk factors that include diabetes melltus, hypertension, dyslipidemia, smoking, prior stroke/TIA,
coronary artery occlusive disease/myocardial infarction, and atrial fibrillation. AICA, anterior inferior cerebellar artery; CI, confidence intervals HC, horizontal canal; HITs, head-impulse tests
OR, odds ratio; VOR, vestibulo-ocular reflex. Bold values indicate statistical significance. 'Indicate that p-values for multivariable analysis is presented.
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Unadjusted OR (95% CI) ~ Age and Sex adjusted

OR (95% CI)

Multivariable analysis (95%
cnt

p value for t

Age 104 (099-1.09)
Male sex 0.75 (0.23-2.44)
Vascular risk factors 157 (0.92-2.68)
Bilaterally positive HITs 819 (2.18-30.85)

Wrong-way saccades

0.69 (0.17-2.85)
during HITs

VOR gain, HC,

0.5 (0.06-5.54)
ipsilesional

Pure tone asymmetry 0,05 (0.01-0.59)

133 (0.73-2.41)

662 (1.64-26.78)

0.72(0.17-3.06)

058 (0.06-5.89)

0,05 (0.004-0.73)

1.02(0.97-1.07)
105 (0.26-4.25)

645 (1.50-27.77)

0.05 (0.003-0.86)

0.490

0944

0.012

0.039

AAVS, acute audiovestibular syndrome; AICA, anterior inferior cerebellar artery; CI, confidence intervals HC, horizontal canal; HIT, head-impulse tests; OR, odds ratio; VOR, vestibulo-
ocular reflex. The lesioned side was assigned according to the hearing impairment. Bold values indicate statistical significance. 'Indicate that p-values for multivariable analysis is presented.
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AICA infarction (n = 28) Labyrinthitis (n = 51)

Sex, men (%) 15 (54) 26(51) 0825
Age, mean£SD, years 66213 60£18 013

Lesion side, right (%) 13 (46) 25(49) ©1.000
Tinnitus (%) 1169 32(63) 0.045

Ear fullness (%) 5(18) 22(43) 0.027

Hearing loss (%) 23(82) 46 (90) 0314

Diabetes melltus (%) 10(36) 1326) 0339

Hypertension (%) 21(75) 28(55) 0078

Dyslipidemia (%) 9(2) 5(10) 0.013

Smoking (%) 5(18) 2(4) 009

Prior stroke/TIA (%) 5(18) 2(4) 0090

CAOD/myocardial infarction (%) 20) 3(6) ©1.000
Atrial fibrillation (%) 1@ 10 <1000
Vascular risk factors (%)* 2(1-3) 1(0-2) 0.006
Initial false negative MRI for stroke (%) 4(14) =

MRI-positive labyrinthitis (%)" - 19 (40)

AICA, anterior inferior cerebellar artery; CAOD, coronary artery occlusive disease; SD, standard deviations TIA, transient ischemic atack
“Counts of vascular sk factors that include diabetes melltus, hypertension, dyslipidemia, smoking, prior stroke/TIA, coronary artery occlusive disease/myocardial infarction, and atrial
fibrillation. *Excluding three patients without incomplete evaluation of MRI. Bold values indicate statistical significance.
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‘Except two patients with pure downbeat nystagmus.

AICA infarction (n = 28)
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Negative value indicates the direction of nystagmus i towards the ear with hearing impairment.
‘Negative value indicates the canal asymmetry is towards the ear with hearing impairment. AICA, anterior inferior cerebellar rtery: C, contralesional; VEME, cervical vestibular-evoked
myogenic potential; HIT, head-impulse test; I ipsilesional; IQR, interquartile ranges oV EMP, ocular VEMP; SN, spontaneous nystagmus without visual fixation; SV, slow-phase velocity;
SSNHL, sudden sensorineural hearing loss. Bold values indicate statistical significance.
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