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Background: This study aimed to differentiate video nystagmography (VNG) characteristics,
including the video head impulse test (VHIT), in patients with idiopathic rapid eye movement
behavior disorder (RBD) from healthy controls, which is considered a precursor to degenera-
tive diseases.

Methods: One hundred eighty-five patients underwent overnight polysomnography (PSG)
and VNG. Based on overnight PSG, 27 patients with RBD or REM sleep without atonia (RWA)
and AHI<15 were categorized into the RBD group, 34 patients with RBD/RWA and AHI>15
were grouped into the combined group. Sixty patients with AHI>15 and no RBD/RWA were
included in the obstructive sleep apnea (OSA) group, and 64 negative participants were
assigned to the control group. In VNG, we measured the gain of vHIT in each canal, with the
latency, amplitude, and velocity of horizontal saccades and smooth pursuit. We compared the
results between groups using ANOVA, after normalization and adjustment for age and sex.
Results: The gain of VHIT in the left horizontal canal was decreased in the RBD group, but it
was more pronounced in the OSA group. Elevated gain of the left posterior canal was seen in
the RBD group, but technical errors were attributable. The RBD group displayed prolonged
latency of saccade on the left side and slowed saccade on the right side, but these were statis-
tically insignificant.

Conclusions: The VNG study revealed differences between the sleep disorders, potentially
reflecting brainstem function in each disorder. However, these differences lacked statistical
significance. We anticipate that significant results could be obtained with more controlled
conditions.
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M35 2ol (rapid eye movement [REM] sleep be-
havior disorder, RBD)& @4 & A4 2-21¢0] YEl=
AE& EAO= ot Ao 2 RBDY| A2 A5 F AF

E WAY 5349 249 B PF50] YEhu= AoE &
BEAY 919 o]} 440] SRtk HAKpolysomnogra-
py, PSG)oIA ERl=1l PSGollA A4HEZNFAH(REM
without atonia, RWA)o] #&E o 7}s3tcth! RWAE o
=97 (pontine tegmentum)oll X3t sFZH]SA(sublat-
SFEIG A7BAIE S
A Aol A7 Ml Z(spinal cord inhibitory interneuron)
7} HlgAgstElo] fEElE 20 & A ok A
RBD A7} A= Al 59] wI& ) Folad] A4
£ EZot= gu-AR28Q] B3 (a-synucelinopathy) 2.
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(video nystagmography, VNG)& EallA % &91g 4= 3=
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20219 19 19%H 202349 49714 49428 49
AlEjol A g s w184 o4t BAHE tiAgo.
E 3= PSG BARe @7 VNGE 819,

3 x|uf 2 m71ss So] AAEY AT Ak o] 9]
£ B wiAlsih WY B34 RBDE ANelE 44E

Hol= &4} F PSGOIA H4Hd
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A5& A4*(apnea-hypopnea index, AHI)7} 15 B]RHQl

A= RBD €4k, AHI7F 15 olde = &l Sk =
e 2% 7Hd S (combined) 0. 2 B53tgit) W 9
PSGOllA] RBD AJA} &740] @lot AHIZH 15 o<l k=
STHE GG Z(obstructive sleep apnea, OSA) EAEC2
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=8 A=
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(arousal index, Al), F=ZH A4 (movement Al, MAI),
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hi-square testg AH&oF oM, A
= 739 ANOVA tests

WFE51R] o= 9 Kruskal-Wallis testE AR8-5fo] v

yl 9] EAto A S4H VNG 2T FA& A& HeER
Hati #EUA Be ST ARG ”IE o185t 7]
&5t9oH, Kruskal-Wallis test &= ANOVA testE 0]
&oto] v 2 719] IS AFPSHRTE VNGOfA dojzl 424]
9] F3E WEAI7Y] Aol 21 ¥EH(log transforma-
tion) I+ Box-Cox HZHBox-Cox transformation)< Al
ANOVA testZ ol-&sto] Y] & 7t9] £A&
H| WS TH(Table 2).

v & 2t g E4 F wolet e dis sAIg F,
= 7F VNG 2%E vlushy] 98] ol A9 24 &4
(multivariable linear regression model)& ©]-&5}%.0H,
gt Zpo|7} WAYSH= 7% Bonferroni W< ©]-&5}od
ARE 242 egst3th(Table 3).

nE B4 £4

Fol, ol

2 R statistical software (version 3.6.3;

Table 1. Demographic and overnight PSG data

0| =E7| 71 Xotof thet S+

[ T oo

The R Foundation, Vienna, Austria)& A&}t

Z it

20219 19595 20234 497H] A& AollA PSG
o} 3 VNG HAFE w2 3= % 18590]%dth PSGOll
A Aed F AF 9 B3 &5 Feol ERIFAY, HE
#’d RBDE AlAFstH PSGOlA RWAZF &Q1%3L AHIZF 15
o]9kQl RBD b2 271, 8 E PSGOlA RBD AJA &
7ol Lot AHIZE 15 o]/d?l OSA ZAFE 607801312
o, = A%tS 2% 7HA 3R combined)wt2 34780|31ct
RBD 842 1ol 65.6+6.14A3L, A= 16%(59.3%)
ojglon, OSA AL 62.2+9.94], FAH= 437H(71.7%),
combined AL 69.247.14], BA = 287(82.4%) 0.2,
Y| & 25 FA70] 140](50.6+15.44)0] ¥l & HolH,
combined EAFt3 OSA EAFtol| Al E/do] HlEg-o] A2
0= 2 AL AT 4= UtH(Table 1).

of ¥, Ay, T Atz dis) &
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nﬂ

Aol M= 2 ol A

gain RBD #Aof|A 0.88+0.15, combined At

=

Control (n=64) RBD (n=27) Combined (n=34) OSA (n=60) p-value

Age (years) 50.6+15.4 65.616.1 69.2+7.1 62.2£9.9 <0.0001
Sex

Male 26 (40.6) 16 (59.3) 28 (82.4) 43 (71.7) 0.0001

AHI 8 (11,10.7) 0(54,1.2) 22.9 (19.6, 36.6) 39.0 (22.8, 52.4) <0.0001

Al 17.2 (13.5, 23.7) 18.8 (14.3, 22.6) 25.1(19.6, 33.3) 28.7 (20.1,42.5) <0.0001

MAI 0.5(0, 5.4) 2(0,24) 0.8 (0,4.0) 0(0,02) <0.0001

Valures are presented as meanzstandard deviation, median (interquartile range), or number (%).
PSG; polysomnography, RBD; raid eye movement sleep behavior disorder, OSA; obstructive sleep apnea, AHI; apnea-hypopnea index, Al; arousal index,

MAI; movement arousal index.

J Korean Neurol Assoc Volume 41 Issue 4, 2023 295



“uonewojsuel} B0y, Jo uonewojsueI} Xo)-xog, Buisn Jaye paieduwiod s uonduinsse Ajjeusiou

3U3} S9I[OIA LPIYMm BjqerieA uonduinsse Aljeuliou ayj Sa1e|joIA YDIUM Sa|qeLieA 1o} 158} SIj|BA-|eSnIy pue uondwinsse A)jeusiou ay3 a3e|olA 10U S20P YDIYM S|gelleA SNONURUO) 10} 159} YAONY d|detealun
'5000>4,

"9pIs Y| 01 spnyduie dipeddes [T dwy ‘apis 1ybL 03 spnyjdwe dipeddes Y duwy ‘Bpis 3| 01 AUD0JA 117[oA ‘BpIs 1YBL 0} AUDOJRA 1Y oA

‘apIs Ya| 0} Aouaie| 1Aousie] ‘apis ybu 03 Lousie| Y Aousie ‘jeued Jendiiwas Joualsod Y| ‘DdT ‘|eued Jejnduniwas Jouisod b 1Ddy ‘[euBd JeindJidiuss JoUSIUR Y| ‘D] |eUeD JejndunIwas oLsiue
6L ‘DY ‘[eurd JBNJIDIWSS [EJUOZLIOY Y3| ‘DHT ‘[eued Jendiniwas [ejuozuoy 1ybu ‘DHY 1581 asindwi peay ospia /] |HA ‘esude das|s aARdNASqO ‘ySO J9pIosip Joineyaq das|s Juswarow afs pidel gy
‘(abuel a)1enbisyul) UBIPaW O UOIIBIASP PJepUBlSFURIW Se pajuasald aie eleq

07€80 16€50 (GoC'Lsh 8l (€6l 29l 28l (Loz ‘0L L8l @121 el TI_A

6456°0 €658°0 (€2l g6l (€12's91) 28l (€0c g9l 06l (81208l 96l 1A
1nsind yioowss

¢69€0 COLFSYE CLFLSE L9¥99¢ GeFELE Tdwy

ooesp :0C700 L'9*¥0'LE ¥'9+8 7€ €9+5'G¢E LSL¥5°8€ Y duwy

JE080 €850 (¢'68S ‘v6lY) 6°€67 (8209 '67¥Y) L'6LY (1'€09 '8°£05) 6'6€S (€8S 'L'sev) 06l TIeA

SLLSO G/850 (€995 '€°06€) L' €97 ('89S 'S¥0¥) €797 (£'18S '6'Cer) 099 (L1415 'v12v) €v6v dPA

66LELO 89610 (6'6L¢ '1'022) 8'Ste (98¢ 'z'eee) 98y (1'98¢ 'z'522) 6'€9¢ (6'€9¢2 'S'802) 6'8¢€¢C T housie]

5805770 €LV90 (¥'/92 'z€le) 0zee (r'69¢2 ‘2222 ¥ (r'692 ¥6l2) Llve (€852 'L'9L2) L'1ie Y Aousie]
apeddes

@pe) 1510000> (@pe) 20000 (00'L'58°0) €610 (00'L '98°0) 760 (60'L'00°) €0'L (€01 '98°0) S6'0 2d1

480070 8¥le0 (€0'L '28°0) 00'L (l0'.'/80) 560 (60°L '68°0) LO'L (90'L'28°0) 60 Jdy

0o 96800 (£0'L '26°0) 00'L (201 '56°0) 00'L (811 '56°0) 0L (€1'1'86°0) SO'L V1

48070 6LEED (90'L'S6°0) 00'L (€0'L '¥6'0) 00'L (011 "96°0) ¥0'L (elL'e60) €0'L vy

(p>>q9) 2¢000°0 ¢l'0¥8L0 €1'0%580 Gl'0¥88°0 61'0%¥06'0 OH1

87780 €1'0%680 Gl'0%260 71'0¥560 8L'0¥56'0 DHY
uieb J|HA

oYY aJojog
VSO ,paulquo) .dgd £/043U0D dnoio
anjeA-d

dnoub yoea usamiaq sanjen diydesbowbeysAu oapia jo uosuedwo) *g 3jqeL

, 2023

=}

2|X| M1 M4

3

S
Sl

Lot

296
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0.

Table 3. Comparison of nystagmographic values after adjusting age and sex

Post-hoc analysis p-value

Characteristic p-value

Control RBD Combined OSA
VHIT gain
RHC 01803 (ref) 0.4816 0.2176 0.0447°
(ref) 0.4859 0.0427°
(ref) 0.3060
LHC 0.0019° (ref) 0.8220 0.6466 0.0012°
(ref) 0.8725 0.0035°
(ref) 0.0138°
RAC® 0.5325 (ref) 0.8828 0.4104 0.2558
(ref) 0.3671 03576
(ref) 0.7824
LAC® 0.4423 (ref) 0.7604 0.9735 0.1576
(ref) 0.6730 0.1951
(ref) 0.7189
RPC® 0.3874 (ref) 0.2485 0.9202 0.8772
(ref) 03132 0.0623
(ref) 0.9662
LPC® 0.0015 (ref) 01897 03420 0.0639
(ref) 0.0011° <0.0007°
(ref) 0.2807
Saccade
Latency R 0.9546 (ref) 0.9360 0.8708 0.9098
(ref) 0.7307 0.4673
(ref) 0.6006
Latency_L° 0.5902 (ref) 0.5715 0.4958 0.7350
(ref) 0.1976 0.2280
(ref) 0.8025
Vel R° 0.5802 (ref) 0.9277 0.6094 0.4518
(ref) 0.9813 0.4451
(ref) 0.4382
Vel L° 0.5128 (ref) 0.2677 0.8152 0.6325
(ref) 0.3909 0.2790
(ref) 0.4382
Amp_R 0.2241 (ref) 0.8273 0.6538 0.2012
(ref) 0.9469 0.0706
(ref) 0.0730
Amp_L 0.4643 (ref) 0.2979 03704 0.6023
(ref) 0.8920 03135
(ref) 0.3606
Smooth pursuit
Vel R® 0.8668 (ref) 0.8263 0.0598 0.7185
(ref) 0.5287 0.5627
(ref) 09898
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Table 3. Continued

Post-hoc analysis p-value

Characteristic p-value
Control RBD Combined OSA
Vel L° 0.8048 (ref) 0.1460 0.0883 0.7492
(ref) 0.9347 0.6222
(ref) 09312

RBD; rapid eye movement sleep behavior disorder, OSA; obstructive sleep apnea, VHIT; video head impulse test, RHC; right horizontal semicircular
canal, LHG; left horizontal semicircular canal, RAC; right anterior semicircular canal, LAC; left anterior semicircular canal, RPC; right posterior semicircular
canal, LPC; left posterior semicircular canal, Latency_R; latency to right side, Latency_L; latency to left side, Vel_R; velocity to right side, Vel_L; velocity to
left side, Amp_R; saccadic amplitude to right side, Amp_L; saccadic amplitude to left side.

°p<0.005.

Multivariable linear regression model was used to evaluate the effect of group on each variable. Continuous variable which violates the normality
assumption is transformed using “Box-Cox transformation or ‘log transformation.

o4 0.85+0.13, OSA ZEAFollA] 0.78+0.12, A d<tollAl
0.90+0.192 ZRI=glom, v 7 1+e] F-2J5t o7} Eelx
AcH(p=0.0002). AFF- 242 okl o, OSA T4kl
A 49 gaino] FAwa RBD S0l v]wsto] §-2)5}
Al @kom(p=0.0004: p=0.0103), combined EAIZT}+=
F20g polE HolA] ggtth(p=0.0702). =
2| gol| o Al £ A= vl & 74e] o7t Afol7}
ZEA] 2k TH(p=0.1848).

E3H 95 9 25 A Algtare] o] tish Alget HAtol
Al 2 2H] 93t Zpo7t TEEA] ¢kgkom(p=0.3319;
p=0.0896), H7+/8< TH=ol7] 5 Box-Cox ¥¥HS o]
3}o] gaind W&t F A3 ANOVA testo]ME Y] 2+
O] o3t Afol= TEEA] AUTHp=0.4083; p:0.241o).

i AR ol A AR BAE HY, 25 ) ARt
o] sl AlaYst HARIA ZF 9] gaine RBD b
oA 1.03 (1.00, 1.09), combined &}l A 0.94 (0.86,
1.00), OSA gEFHollA1 0.93 (0.85, 1.00), AolA 0.95
(0.86, 1.03)2 ZA=|3lom, U] & 7+9] F-olgt zfo]7t 9l
o] ZRIFAH(p=0.002). FF3L WZHA717] Y5f Box-
Cox WHgFS o]-&sfo] HEgt 5 AJggt ANOVA testoll A
T o] = 2R R9Jgt 2ozt o] ERIEATH(p<0.0001).
AFS BAS A359S ol RBD $429 gain®| FAMLE,
&, OSA A3} vlwste] fofot &
% AATH(p=0.0291; p=0.0002; p<0.0001). gt
HF ARt E]Sol A S H gain2 Y| & 7kl 72
gt 2pol7h Zo1=] ] &k tH(p=0.3148) (Table 2).

3 AR

combined &}
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7t A oA VNGOA &5 9 502 A&EH7|E Al
SHAIL, JEZI9L At &%=, Xdff Zhwo] disf 2t & 7F Bl
19S o, &5 WO R A&H7|9] o i FA4
A 38.46+15.66° RBD $AFo]lA] 35.46+6.31° com-
bined EHAFFoA 34.78+6.38° 12|31 OSA TAHolA
32.44£6.10°% gRl=|glom, ] o 7k {93t Zfo)7t &
A=A HpP=0.0420). AT EAS APstS wf OSA A
9] A& (amplitude)] /Ftol vl F-olskA wekor
(p=0.0115), RBD ¥A++ ¥ combined A}t& A4 w3t
B ot ol o 2= 9] gro] WA TEEAN, |2
3L WA AAth(p=0.7188; p=0.0618). T+, F= 1}
FOZ AP Al&H oA EgH X 4= gk |
Zboll §9J5t 2o 7k TAEA] FUTHp=0.3692).
F& oz APt AGHT|0A FEIE
< uf, RBD EAollA 263.89 ms (225.2, 286.11)&
A3t combined A 9 OSA Sxp3} Hlwsho] A%
o] = ACE Holu, FAFCRE [Fo42 SR &
ko™ (p=0.1968), A& TEoH] I8 21 M-S A
83t F ANOVA testE APolS Hole 72442 gele]
A %oktH(p=0.1379). E3t 5 WF| Al&H7] o S
9S Wo = RBD Aol A 539.87°/s (507.80,
603.07)2 AA combined ¥ OSA A3} B W 5}o]
S ZA0F Holf, BAXHOE |42 el ehottt
0.5833; Box-Cox ¥1%t & p=0.8031). $-5 WFOE Al
3 A&E 7oA 719k oA W] & 7H] |23t A}
o]7} T A] 9FAtH(p=0.6473; p=0.5875).
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2= 9 = gko g J83F 25 (smooth pursuit)S

Aok 245 S8 Huslgon, 502 Ayt U
2%959] A =L RBD BAZOIA 18.98%s (16.80,

20.31), combined =Fol 4 18.22°/s (16.51, 21.33)

2 gl oH, 2= o2 APt "ol RBD
Apol A 18.77°/s (17.00, 20.09), combined At
olA 18.22°/s (16.20, 19.28)& & of Hlsf W2 o
& HYou A4 Fo482 A=A ek dtH(p=0.8593;
p=0.5391) (Table 2).

A 5400 et Bl E Akl wl o] < 7ol Holt
gl Rt Apol7t Qlele, o] W47 VNG 574 2%

of ¥Fe vE Az AU w2 o]E EAsH |

- 7+2] Aol 5 THA] Bl WSt HA & thA] ARt 240
A, 5 8 AtaeEol A Alggt vHITIA 2oil gain

o] | & 7+2] f-9Jgt A}o|& HF 0m(p=0.0015), RBD ¥t
T4 gain®] combined ¥ OSA ¥At3} H| WS
FoH =& FUsIHp=0.0011; p<0.0001). FAT
< doll= Fofgt Aol7t iTH(p=0.1897). &
& setue|o] tis) 5785 gaing BloHAS ol -9
3t 2}o)7} EQ1E|2 25 (p=0.0019), OSA THAF-o] HA T,
RBD ¥ combined Z&}to] H|8]| gaino] F-osH ¥
& 4= AATH(p=0.0012; p=0.0035; p=0.0138). Th2 Z7gA|
oA rolet B BAste] Y] 3 7+ H|IE Aol
U BAE 942 TEEA] AkTH(Table 3).

[
i
B
_0|_‘5
)

!

£ A+ollA= RBD 9 OSA 4gojA H&7] 7|5 B7HE
3 VNGE A5, vHITOIA z Astaie}se] gain
A, b9] AlEHETIONAM FEY], ) £ & X 7t
T, Y229 %0] g £19] xjo|E rotrEgit) vHITY
3 ARt Holl A &7 gain 42 OSA A
o] A, RBD A+ ¥ combined AR 7-9]517]
i ARt oA 4% gain w9 AS
of LyHA] SR}tar} v wske] -F-of5HA A 57
k. & 7+ BT} Lo 9] &o]7} Qlof o] F EAsho] Hlal

:\9

St Wolk vt At FlT 4 qllon, U] Al
HtaE|ol A S48 gain g2 F-OJ8F AolE HolA| eksk
th ol dtollA =T RBD SAt& o2 VEMP
AAFE AlF¥stelen, 71 A3k RBD $AtollA] A/dwtollAl H]
3 VEMP AAMY ol 7ol o5t #A| = o]
£ &9l RBDOIA ¥E719] 7|5 ool R t= 2= Al
AR AAHE B3 BoFqitk! vHITE VEMPe} 2ol 14
Aol A =85 Ap=o] &AM Zrh(medial longitudi-
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