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Nasal Continuous Airway Pressure Titration Unmasks Periodic Limb
Movements in Obstructive Sleep Apnea Syndrome
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Abstract

Objectives : High co-morbidity of periodic limb movements during sleep(PLMS) and obstructive sleep apnea syndrome(OSAS) is
well known and their incidences tend to increase in the elderly. Previous studies have inconsistently reported increase or no change of
periodic limb movement index(PLMI) by nasal continuous positive airway pressure(CPAP) in OSAS without analyzing possible
variables affecting PLMI. We attempted to examine PLMI change evoked during CPAP titration and also factors affecting it in OSAS.

Methods : Twenty-nine OSAS patients(M:F=26:3, mean age: 51.6+ 10.6 yrs) without other sleep disorders except for PLMS were
selected, based on the noctumal (baseline) polysomnograhy. Another night of nocturnal polysomnography was performed for CPAP
pressure titration. We compared between those two nights PLMI, mean and lowest SaQ:, and sleep variables. We also calculated PLMI
differences between baseline and CPAP nights, named as delta PLMI (value of CPAP night PLMI minus value of baseline night PLMI).
Correlations were calculated between delta PLMI and factors such as age, body mass index, applied CPAP pressure, baseline night
values of respiratory disturbance index, mean and lowest SaQr, and sleep parameter differences between baseline and CPAP nights.

Results : Decrease of RDI (p<.01) and increase in mean and lowest SaO: (p<.05, p<.01) were observed during CPAP night. No sleep
parameters showed significant change except for the decrease of total stage 1 sleep%(p<.01) during CPAP night. Ten out of 29 patients
showed PLMI increase, while the other 19 patients showed either no change(n=14) or even PLMI decrease(n=5) during CPAP night.
The 10 patients showing PLMI increase during CPAP night showed a significant positive correlation between delta PLMI and baseline
night RDI(p<.05), which meant that PLMI increase was found to be more prominent in higher RDI patients than in lower RDI ones.
There were no significant correlations between delta PLMI and other factors in the other 19 patients.

Conclusions : We suggest that during the baseline night PLMS would have been underscored and/or masked due to the overlapping
of PLMS and apneas/hypopneas or the arousals induced by apneas/hypopneas. Despite its still unknown mechanism, the CPAP
application may unmask PLMS and increase PLMI in a subgroup of OSAS patients. It needs to be evaluated further whether the chronic
CPAP use sustains the above finding. (Sleep Medicine and Psychophysiology 5(1):103-110 1998)

Key Woras.' periodic limb movements during sleep, obstructive sleep apnea syndrome, nasal continuous positive airway pressure

M B PLMS)l A& AR 27}2te] Al A (extension)3)} W5 24,
&34 J2ln Y2 e 2 @AY FEA 2 F(flexion)o] Bt
F714 AFA| 253 (periodic limb movements during sleep, Bd= 8¢ 2 8% 50| Yedth 1 2eke A

& 7= ME0EmEY | (#2-97-154)9 X|HL 2 o|R0{HE, Supported by Seoul National University Hospital Grant (#2-97-154) to Do-Un
Jeong

£ ST 19984 6% X 124} o|34sts sar)slojM LEEUS

Presented at 12th APSS (Association of Professional Sleep Societies) Annual Meeting, New Orleans, U.S.A, on June 1998

THFYYY AFFAY, “MSUE D oDl s HATSRA U MSUE T Soictel AR

*Department of Neuropsychiatry, Cheongju St. Mary' s Hospital, Cheong-Ju, Chung-Buk, Korea, **Department of Psychiatry, Seoul National
University College of Medicine, and Division of Sleep Studies, Seoul National University Hospital, Seoul, Korea

TRAXK (HEol): ABA ZE2T HHE 28 A SChstn o|ajchst HAIDEmAl TEL 02-760-2294, FAX 02-744-7241

- 103 -



HHY SHESESHA XISH 71T SAZ0 M2 F71M AIK2SS #E

74 A (myoclonus) 2.t} vlEl A7) wF-g-(Babinski respon-
se)oll © 7PETHI). T -9 = Ao 2 AR M= Y
ERdTHQ2).

F713 AR EEF (18 AR 55T AN +
I 55 % (obstructive sleep apnea syndrome, OSAS)&-

TH F WA A3 2o WE FH FH S o

27131 F 2EFE FEAT0). AR EFESoIY
AR FRFIEZCI FHFIED)Y ST
T 990 371845 F1ste A o] glow,
AZS oA T AT Hshe AgS Bl
AAEN A AR EETY FHEEL 3% THE
o FHEL 18%, 1811 F Aglo] Yitg]o|
2} AAS 102347 238 o} 31chd. A
A5 2%NA FHEEFZo] HEE )
A HEIO)
TUHRSES A 8ot A4H 7% & (nasal
continuous positive airway pressure, nCPAP)6)0] B3]
02 AN 3 it A& A 7= FdE(ol st It
)9 B3 F43402 eI X3 A 47 H 3%
Z}ol| X < (respiratory disturbance index, RDI)E A A+ = 9]
7HA] ZHAAIZITHT).

BUEAE, Fdee 448 SE g B Pt
3o AR EEF 0] YEUAY 2 ¥lzr) Walit e
Hago] Yetur] AlZegoh AR £ 5 50] £719
Av s e 76,9, 10,11, 127} AL wha o)
7kt AFE UAATH3). G AFAEL %
&E T AR 2 5F 0l s E Aol SRS
5o W A FHEA dEo £AA U™ ALA)
TE50 FUER F3FF0| sz YehA ©
Aolgta FAFATHO, 10, 11, 12). T2 7S
Fte A7t AR 55 E REAY 27T
3 7P TH10). FAHE AR Fe 72 AT
3E350] e SRl gged A 4392 A5
AR EE50] Fas e A B2 dgE AA 7} A
ALEFE L 0 FH3 A Rug &
T UtK14).

o}z ¥l A 55 S FHEIIMIIE 714
< TAALZ AR dTE YA oo AAEL
FhEo| AR 559 W3 AT A E 27
A& FRFTES A o)A Fe 24 AT AL
TEATE Bl 231 o Yo7} AR 55l Ja-g
= T U WY Ed Fe) BMstaxt B ATE 9

il
2
]

Q

¢

e rﬁ

Rl oh

rjr oft i mor o
ofN

]

o

¢

19 o o

S Ho x2

»

skttt

oy % 9y
1. HpLH 4

QAR AP FAFEEF0| JAHA A&
et Y EFAAN FHO A A 9g]d &
AE WA, o|gA/A 8 A} ot 1
DA Al A A FEFSEFo 2 AT
%, AR EF 99 T2 U} iR &
Skow, AAA HA 2T o] FES BEEA] %
AL ddo 2 Ak AA TS Brb 264, o
A} 3402 F290|00r HIEAH-E 5.6+ 1064
(89 28-68A)01 Atk H]IA =& e = v =
Z)4*(body mass index : BMI)9] ¥ #& 249+39(4 %
158-39.0)2.2 18 (>30) A st A Mo &
U}, B9 & 2| & A F(kilogram)Z: 7] (meter)2] ]
FHOZ UE o2 Bt

2. g

AQ FYE 9 R $UTH12Y (13 712

FYel 27hste) Be AW 298 92 2

Ad(e]3 F& AAL)el Thal ozt FricelA| =
A

s

AT Fhe A4 42 40 omHOFE Al
AL, F3H, ASE, 292 AF 50l 2FE o

A TS 2 A B et e dEo) vl
AatA 23Uk FgE AT 4o Adahe 78
+2.5ecmH:00H $] 4.5-13.6 cemH:0)% o}

9] &Y BFA ozt FHYH7] E7] 22 Grass
model 78(Grass Instrument Co., US.A)YS AH&-3HTH 4
A7) 35L& AT (15 wshoH, A
Hh ¥l 0 gt AAS E 2 T o) g F ) A&y
th ¥4 7o) 8 72 A3 E AW R 948 FAA
ZH(time-in-bed, TIB), 4= 7] 7+A] ZK(sleep period time,
SPT), & 4HA] 7Htotal sleep time, TST), ZHAJ A7 &
(total wake time%, TWT), +HE &R 4 E&(sleep
efficiency index%, SEI%), 1A =8 &£ (total stage 1
sleep%, TS1), 29HA|H E-&-(total stage 2 sleep%, TS2),
A g4 E-&(total slow wave sleep%, TSW) 2 #4H
F-&(total REM sleep%, TREM)¥} 22 $HTFZ #E
LIRS Rk 3712 8

Fhe AL e IE FH UYEL W E B

- 104 -



A3l EF7Fol R4 (respiratory disturbance index : RDI)
:LE]J_ TR F Y5 42T BEg 2 AAG

d Aoz st A4 d¥T

ol A LEAS GG FEA

A of2ig ¥iQl
E E437] 49

< L0 vl wat et SERNAFE F FRAL AR EFAST DERkE MU E 2 ”ﬂrﬂr?ﬂe 29
«l AN AR AZEH 5L 59 oz g BJT TR ARNSFAS Z7h20lA 47 i
9&gch FUFH o2 FAFAE YA

e e A ES HskE 8] 98 *}Xl

3. AREN
5 AFE $L0 vzt AN S E A%
FHA 7J«l A AR &5 EAB 2 Ao —6}%1 SPSS for windows 5.08 A}-8-3}] 218 & £4 dait}

E}. REE ANAY AR & A5 ‘E‘ifi}"%—% &3}
7) 93l AR &5 A4 DEF3k(delta PLMD E 22615
o AR &5 A5 dElghe dtE ALY AR &
FAFAA 7 ‘9—2‘-7@“«1 AR EATE W gtog
BostATt AR &5 A4 debglel met Ax &5
AF F7H, —ﬁ’—‘i’iﬁ}i 2 AAFog BRdle gA
TS VW ok o2 roith 7 okt A& B4 8t
7] el A AT A5 2 EBH HMA(FZF A
AF, TRF EF A2z g 2 A4, ¢
%E AL, a2z AN £& Dk gtdelta
TWT%)<& Bl w3t o 7—.“3*17& =& e ¢
= A3 01,] AN EEd A 7] 279 9] ZFA A
TEeE §k°i%‘40}ﬁﬂ} & AR B
2 vl Aﬂ ZHd (microarousal}& ¥ 3-3}A] & %kt‘r
AR 2F A5 F742A AR &5 3o 24

B AR 5] W3l E £ 817] g8 AR & EZIT
S AR &5-2H4 -&PLM-arousal %) & ¥ ol B]
WP A 54 BELE AR EF HE F
AN 24 & Fu AR 5 3|7t AR she B &
2398t

3F BE R, FHTE #E Y, a2 AR E
A 4=9] ddzt ¥ ol & paired +-H A & A3 Th
AR EEA G dErgtel mhat B/ A ol 7 &
A 8] 2o} & Kruskal-Wallis H 733 & A}&3}5iTh AR
EEAF F7HEAM AR FEAT B AR &2
B89 oY 7| & Wicoxon swned ranks 73 0.2

}9&"/} A EEAF deig s A% N A, 3 F
4 Q) T ¥ e, a8 de
AdrtE el AaRAA 2L AA e
Pearson' s correlation .2, AFR] S EX &+ 27} A&
Spearman s correlation ©. 2 &} Tt}

4 3

AA QTN 712 SH LS ZFNAF B
AE 272513 (89 72-11433))0l ATk +HF &
FTALEHEY YA R HA A 7he] B & 943
+36%(8 9 81.1-97.7%), 82.3+8.4%(8 9] 51 0920%)
olitt. 712 SR Ul Ha) Fe AlBdele
ol A7E FresiA 2ap<onstsion 3 *V‘

AMAEE AT FFE 2 F A WIER 93, Tz A L HAAANE FAA F7Hp<05,
HBAE A4 $u7x FA A delgh 35 38 p<ODIATHE ). FRTZ BX N E 712 249
W 283 e AL AU AT ) ug FAE A B Lol FRANAUE F 194 £
23880 dEte St ASYY FETE R W E80] 2441 125%( 4] 44-71.7%)0)A 16,1+
QAN 71 EH Y FATFZ FHHAZS 83%(H 9] 42:36.1%)2 9 3HA 7481 2K p<01),
Table 1. Comparison of respiratory variables between baseline and CPAP nights

respiratory baseline night CPAP night b
parameters mean+SD range mean+SD range
RDI{/hr) 3271251 72-1143 36156 00-27.1 0.00
mean Sa0«(%) 943 + 36 81.1- 977 957+ 1.0 93.7-975 0.03
lowest Sa0:(%) 823+ 84 510- 920 88750 720-940 0.00

RDl(respiratory disturbance index ): the total number of apneas and hypopneas divided by total sleep time(hour); Sa02(%): artenial oxygen saturation level

- 105 -



His

2P e SAFLE §9 3 Ao] 7} QIQITHE 2).
718 3395 Yt AHYY AR 2 5R] 50
AT A QA 247 574953089 0 - 3543]),
120£1923](89] 0- 7433)2 ¥U4E AlPY ] §9
A F71et A thp< 05X 1). @ A ZZg &
HEAAZE AR EFAF S7HE, T 2 7
&3 7} 242} 109, 149, SOl QATHE 3, 18 2).
71 R Lol AR FF0l YUY AT 129 Sl
A FtE AFYol AR E5Z0) ERE YiArL 29
o) ATHIE 3, 2% 2). Al -5 olwH(subgroup) 7ho A&,
HBA S 24, 3EAH HA(EERNA$, $H 2
UL A D FAR), Fte Augt
g, 223 2 A7t -8 debgh(delta TWT%)S ¥ 2
& A3} A o] AN L FR ¢ FHEFAA 717 ok
21K (p<05) 1 ¥toll = 21o] 7} IATHE 4).
AR R EAF F7HEOA 718 2 D3t e A
YA AA L FA 5 BEFA & 22 104+ 1103 (8
9 0 -35.43}), 350+ 18.83](89) 0 - 74332 893
Aol 7k AATHp<Ol). 2B AR 5244 B g
FL T g 2o] 7t Y ATH Y 3).
AA ol A ALK FA 4 dEtgha A8, vjgh
e, oF 44 W, $H 72 28 W Jdeigt, 1
g3 Fhe AWgE e AARAS AR A &
g A7 GegA it} adu AR LA 4
AN e ZEFNA S AR &5 A dEkgh
Atololl B A 3T @A 7} ehgh (p<.05) (2 E 4).

g

THTSESUM ISR AT 2S00 [ME F7I1M AKI2SS0| HE

1 H

e Fol AR Tl S7HHAY FEEE 1A
2 o gdatA Wl ul girk2). A9 ATFEE,
9,10, 11, 12)9 X gk o] £ AFNME AR 54 5
I HEFL F7IHHAT AT g BTN FhE
Tl AR 2 EF 0l FEHAY S7I8HAE G &
UEl B AR 252 5 Wt B A7 L
A7WEL O3 20 3R, FERIEF2 9
gAY TURAE Wi AR JE AR EEFl
e F3EF| HLHUA Yerdrhe 7H6,
10, 11, 12)°] 3iek. EA), ¥Sk& A7 AR 55
I AY ST 7110, 14)0] T

FhE2 FaFFo A2HHA AR QD AR
TET0| UEhdrhs AAe 7M & A B A

14k 12.03"
|
12
1
10}
=
g 8 567
6 I
I
4 L
2 -
0 —— -
baseline night(n=29) CPAP night(n=29)

Fig. 1. Comparison of PLMI between baseline and CPAP nights
*p<05

Table 2. Comparison of nocturnal sleep architecture between baseline and CPAP nights

slkeep baseline night

CPAP night

parameters mean+SD range mean=+SD range P
TIB(min) 460.1 * 65.1 1580 - 4970 47115 + 260 3780 - 4950 NS
SPT(min) 476 + 686 4920 - 4920 4668 + 313 3425 - 4900 NS
TST(min) 3823 + 807 1404 - 4390 3853 + 69.1 2350 - 4815 NS
TWT(%) 174 + 144 06 - 567 202 + 133 21 - 482 NS
SEI(%) 833 + 136 440 - 90 806 = 126 530 - 980 NS
TS1(%) 244 + 125 44 - 717 161 £+ 83 42 - 361 0.00
TSA%) 460 + 128 160 - 696 509 + 13 305 - 750 NS
TSW(%) 24 £ 62 00 - 304 06 + 33 00 - 139 NS
TREM(%) 246 = 27 195 - 280 144 + 64 34 - 256 NS
SL{min) 99 + 86 05 - 315 103 + 85 05 - 310 NS

TIB: time in bed; SPT: sleep period time; TST: total sleep time; TWT(%): % of total wake time/SPT; SEN%): % of steep efficiency index(TST/TIB); TS1(%): % of total
sleep stage 1/SPT; TS2(%): % of total sleep stage 2/SPT: TSW(%): % of total slow wave sleep/SPT, TREM(%): % of total rapid eye movement sleep time/SPT
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Table 3. Demographic, CPAP pressure, PLMS, and RDI data in the study subjects with obstructive sleep apnea

Subject  age sex BMi CPAP  PLMI PLMI APMI PLMS-  PIMS-  APLMS- ROl RDI ARDI
No. (yrs) kgm’) {emHO) (BL  (CPAP) Al)(BL A(%)(CPAP}  A(%) {BL)  (CPAP)
1 63 m 219 13.6 0.0 409 409 00 1.0 10 438 0.7 -43.1
2 66 f 25.1 60 354 743 389 230 28 02 116 217 -89
3 ]| m 262 100 24 36.0 336 0.0 04 04 785 1.6 -769
4 62 m 247 45 13.1 464 333 16.0 20 -140 148 0.7 -14.1
5 42 m 158 80 00 235 235 0.0 20 20 391 0.1 -390
6 60 m 25.1 5.0 I 345 234 0.0 30 30 258 0.1 -25.7
7 46 m 235 110 9.7 309 212 41 44 03 17.8 41 -138
8 54 m 225 50 125 254 129 18.0 150 30 92 0.7 85
9 58 m 232 120 15.8 215 57 60.0 380 220 9.0 9.8 08
10 6l m 248 50 6.1 71 1.0 15.0 0.0 -15.0 92 0.1 9.1
1 49 m 227 50 0.0 0.0 0.0 0.0 0.0 0.0 325 L7 -308
12 2 m 260 9.0 0.0 0.0 0.0 0.0 00 0.0 217 1.4 203
13 28 f 390 120 0.0 0.0 0.0 0.0 0.0 00 1143 271 -872
14 45 m 2638 50 00 00 0.0 0.0 0.0 00 72 03 69
15 55 m 263 10.0 0.0 0.0 0.0 0.0 0.0 0.0 792 38 154
16 46 m 255 6.0 0.0 0.0 0.0 0.0 0.0 00 20.7 38 -169
17 56 m 179 8.0 0.0 0.0 0.0 0.0 0.0 0.0 408 09 399
18 45 m 275 8.0 0.0 0.0 00 0.0 0.0 0.0 322 24 -298
19 58 m 242 6.5 0.0 00 00 0.0 0.0 0.0 433 8.6 347
20 30 m 254 8.8 00 0.0 00 0.0 0.0 0.0 48.1 99 -382
21 45 m 247 100 00 00 00 0.0 00 0.0 231 LS -11.6
2 62 m 220 70 0.0 0.0 0.0 0.0 00 0.0 545 21 524
23 33 m 290 7.6 0.0 0.0 0.0 0.0 00 0.0 550 03 -54.7
24 48 m 252 70 0.0 0.0 0.0 0.0 00 00 18.1 0.0 -18.1
25 64 m 26.1 10.5 23 00 -25 0.0 0.0 0.0 217 19 -198
26 45 m 239 55 48 0.0 48 5.0 00 50 98 36 6.2
27 53 m 266 45 55 0.0 55 5.8 00 538 10.4 035 99
28 68 f 237 8.0 10.8 0.0 -10.8 170 00 -17.0 230 0.0 -230
29 6l m 21.2 65 348 84 -264 250 500 250 336 51 -285

BMI: body mass index; CPAP: applied CPAP pressure; PLMI: periodic limb movement index; PLMS: periodic limb moverent during sleep; PLMS-A(%) = % of PLMS
with arousal/(PLMS without arousal+PLMS with arousal).BL: baseline; A:delta

80
60 |-}
40 £
§ 20 ] L[] baseline night
= 8 CPAP night
Q ' | T A T s\x;z\n'ﬂﬂﬂ. 9
AL | M8 delta PLMI
20
-40

1t 3 5 7 9 11 13 16 17 19 29 28 256 27 28
subjects(n=29)

Fig. 2. Comparison of PLMI between baseline and CPAP nights within each subject. Delta PLMI denotes the value of CPAP night PLMI
minus baseline night PLMI,
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Fig. 3. Comparison of PLMI & PLMS with arousal between baseline and CPAP nights in the “increase” subgroup. PLMS-A(%) denotes
% of PLMS with arousal/(PLMS without arousal + PLMS with arousal).
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Fig. 4. Correlation of delta PLMI and baseline night RDI in the “increase” subgroup{n=10), p<.05

Table 4. Comparison of the subgroups according to delta PLMI

increase(n=10) no change(n=14) decrease(n=5) b
meantSD mean=+SD mean+SD

age 563+ 78 459 + 102 582+ 92 0.02
BMI 239+ 32 259+ 47 243+ 22 ns
lowest Sa0: 835+ 75 80.5 £ 100 852+ 40 ns
mean Sa0: 952+ 30 936+ 44 946 £ 18 ns
RDI 259+ 224 422+ 280 197+ 99 0.10
CPAP pressure 80+ 34 79+ 20 70+ 23 ns
deita TWT(%) -8+ 54 06+ 25 02+ 08 ns

Lowest Sa0: , mean Sa0:, and RDI are from the baseline night.
Delta TWT(%) : value of CPAP night TWT(%) minus baseline night TWT(%)
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