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Nocturnal Sleep Fragmentation in Narcoleptics and Its Clinical Implications*
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——ABSTRACT

Narcolepsy is characterized by sleep attack with excessive daytime sleepiness(EDS), cataplexy,
sleep paralysis, and hypnagogic hallucination. Paradoxically, narcoleptics tend to complain of
frequent arousals and shallow sleep during the night time despite their excessive sleepiness.
However, nocturnal sleep fragmentation in narcoleptics is relatively ignored in treatment
strategies, compared with sleep attack/EDS and cataplexy. In our paper, we attempted to
investigate further on the poor nocturnal sleep in narcoleptics and to discuss possible treatment
interventions.

Out of consecutively seen patients at Seoul National University Sleep Dlsordcrs Clinic and
Division of Sleep Studies, we recruited 57 patients, clinically assessed as having sleep attack and/
or EDS. Nocturnal polysomnography and multiple sleep latency test(MSLT) were done in each
of the subjects. We selected 19 subjects finally diagnosed as narcolepsy(mean age 26.0+18.3
years, 16 men and 3 women) for this study, depending on the nocturnal polysomnographic
and MSLT findings as well as clinical history and symptomatology. Any subject co-morbid with
other hypersomnic sleep disorders such as sleep apnea or periodic limb movements during sleep
was excluded. Sleep staging was done using Rechtschaffen and Kales criteria. Sleep parameters
were calculated using PSDENT program(Stanford Sleep Clinic, version 1.2) and were
compared with the age-matched normal values provided in the program. In narcoleptics,
compared with the normal controls, total wake time was found to be significantly increased
with significantly decreased sleep efficiency(p <.01, p<.05, respectively), despite no difference
of sleep period time and total sleep time between the two groups. Stage 2 sleep%(p <.05), slow
wave sleep%(p<.05), and REM sleep%(p<.01) were found to be significantly decreased in
narcoleptics compared with normal controls, accompanied by the significant increase of stage 1
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sleep%(p <.01). Age showed negative correlation with slow wave sleep%(p <.05).

The findings in the present study indicate significant fragmentation of nocturnal sleep in
narcoleptics. Reduction of REM sleep% and the total number of REM sleep periods suggests
the disturbance of nocturnal REM sleep distribution in narcoleptics. No significant correlations
between nocturnal polysomnographic and MSLT variables in narcoleptics suggest that
nocturnal sleep disturbance in narcoleptics may be dealt with, in itself, in diagnosing and

managing narcolepsy.

With the objective demonstration of qualitative and quantitative characteristics of nocturnal -
and daytime sleep in narcoleptics, we suggest that more attention be paid to the nocturnal
sleep fragmentation in narcoleptics and that appropriate treatment interventions such as active
drug therapy and/or circadian rhythm-oriented sleep hygiene education be applied as needed.

KEY WORDS : Narcolepsy - Nocturnal Sleep Fragmentation - Sleep Architecture - Nocturnal
Polysomnography - Multiple Sleep Latency Test.
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71HHe] A AL Hdak(sleep attack) Z
#HEg FEPS(excessive daytime sleepiness ;
EDS), 243} (cataplexy), 5871 (sleep paralysis),
a2 YA zHhypnagogic hallucination)o]®(1) &
3] 4d) FAoz EATH(2). WM A g AAE T34
BAA QA Fo 2 padze 2dsy F9eA2 &
Y4z 5 A o ARSAES dAEe A9 23S
933 gk 28y QA g5 2ay ks
= A7) 44 F4 9o ozt ] BAES E3 54
3 o] 7|HY A ENA FHEYZ0] F 23 Fof
Qo v]F0] Z4A3] mFsH Hojop & ouiglE AHO
2 43 wolzoA 1 gt

A 71Ee] Ade WA JAE 53 4 2
gAY, A7 S (polysomnography) &
Yol e} 7AW S B} AR oz Agd & gl
A HA{}. FENErEYS E4% Ay WG of
AT A A nocturnal polysomnography) e} tHw
T sl YHiEs| A A multiple sleep la-
tency test, MSLT)E. o] FoiZc}, A7) 71Hy 23}
TolA oRIFATGYAALE T3 A7 2FEL S
F 2T} Vogel(3)& 7|AY #xFo] okzbH oA
SOREMP(sleep-onset REM period)7} 2 E= A
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< LA A 2F 7|HY @A R4 iz
v JAZE 7 (sleep latency) Fa, 19AFH 28
(stage 1 sleep%) 37}, A5HZ4E7](REM latency)
724, 283 ¥ Y= (REM density)d) 7171 R3g
u Ati4, 5). BFA B (segmentation of REM
sleep)oll B 7|HY FxhroA A iz ¥
& Z71EATE ATFE6, 7, 8)3 FHI Aol7t g
the AFE(5, 9)°] o] ¥4 Ux 48S &+ 9
et 71Ey ALeA HR-PeE 7] (NREM-
REM sleep cycle)7} ¥ 342 02 AojA1(6, 10), A
3 (slow wave sleep)©] AN tixT s g8 ofds
™ Ak 45 FuF idrhs 2u65)% J3ith
ol g Y3t A7 Ao x Bystn A of
ZHraoh I dA 274 SOREMPE Al9jstae 4@
4 AR EHAQ A1 S FolE F gtk 1 78
OMFEE Holx g AT EY YA AN oI
HHNE FLSE 5 U $UF FAFEESS F15
AHA]&-%% (periodic limb movement during sleep,
PLMS) 22 tg $HFor} Sutd 718y #xpso]
AT T EFEHUY] dEY Aelth(s, 11).
HA7EA) 71HY 2] 9lo] 23 AXE AA s
AR oD AAAIR Y 23] Fbl Algsis
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1. AFOhA

1992 59 %€ 1996 5971A 3 dol A&
g FUELFS FAE Agustayyd FEFYd
A AgRE 579 A& gaFes MRS A
oA oRIFAGUAA D YUABIHEAAE A8
dtof 2% dH Aol 7|EHE S AlAkSla, JadE
7|RHEHAL A Ha 23] o4} SOREMP7F 2A3
om(16), AHAE7| 9] Hgho] 8% o8k 3(11), oF
TGS B2 FHERZ] 90 H F ¢l
© O FUHAR(Y  $ATEEFS T4 AR EESE
ol e A9 1959 7wy SxEL JF g
o2 ARstgltt. dHFE7HEHALE SOREMPE ¢
HA A (sleep-onset) ¥ 158 o|ujd] H5do] w5
Aoz AatArH12). 7[ABY At 94 4 WY
< 7t @A e Wex 2AE B8 -

2, Ay

ORMFATIIZAAL & ThEd Alaigk Qe kR AL
£ 71712% Grass model 78(Grass Instrument Co.,
U.S.A)E ARSI, ofHH AL A4 Y
U3 Stk R 7171291 AME B
3te] % A5E (electrodes) 7HA|71E (sensors) S

iRl A 5231t HIHEEG), FIE(EOG), &4
Z(EMQG), AAZ(ECG), &2 (breathing sounds),
7 9 H]7 ¥7] &8 (oronasal air flow), &%
(chest movement), %25 (abdominal movement), A+
A2-F(limb movement), 18] FFIAEHE(Sa0,)
52 AT HAAdZL 10-20 AAQAN N 2A
3l C3/A2, 01/A2, O2/Ald|, PAE ZX7|= F<t
9] 9)etzt(outer canthus) 9% lem A% T bt
o ZAX 7A7)E st (submentalis muscle) 9
of Bt TEE T TES FHE vojaREL
TR Easigon, ¥ 5F FAHE A
(thermocouple)© ¥71¢ 371310l 37] £E41E o
23l 5 E/ASFY 578 SHES AZE RS
ARSI, AAE A5 AFE YX(modified lead
II position)o] 28ttt 9% A7 F 2 (anterior ti-
bialis muscle)ell ZAE #A71& 2339 A% 3
A 248 L 71239t dFALEE AR E 9
& ERErE Buide 2aksy )
optwTil AL olo] AFgg Fte YHAE
R AN A= Carskadon(12)9] el whe} 24]7}
BAoR A 104, 124], &F 24 R 44, & 43|
Ax & 7AAHnap test)E THEA 3G 3 ok
AL, sfeld TARE oAt AAS FUE Uy
o2 APt 24z vt AAlolA o) WA}
A Fe Age 2087, FHol TS ASE oF
1587 AAE AEAZAT B A HAsE AL Al
12kl FHE A F=F HAMR m A
o FHAAZ AL I YA RE BEst] PARE A
BeE FA =S At
FRGYZ|E A5 IARFIIE08)Y wion
ofzt S ALY AubHAEY ghe AaslZz o
#(PSDENT 1.2% Stanford tidte $dA| Sy
1988)el A& A&t 718 T A5 E Aaks}
Zza¢ WFE AT AE(age-matched)(19)9}
vl wste] Ak WS fate] At vjud ¥l
2 FAZAN7ZHtime in bed, TIB), F87I7FAI7Hsleep
period time, SPT). & F#HAIZHtotal sleep time,
TST), A7 B8 (total wake time%, TWT), 5
BE&A ¢ B8 (sleep efficiency index%, SEI%), 194
9 E&(total stage 1 sleep%, TS, 2845 &

N
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(total stage 2 sleep%, TS2), A=d E-&(total
slow wave sleep%, TSW), v}zl £-&(total non-
REM sleep%. TNREM), #43 ¥-&(total REM
sleep%, TREM), 4H3E7](sleep latency, SL), &
HAES)(REM latency, REML) 2 XNS$87aE7]
(slow 'wave sleep latency, SWL)eIg{t}. 19 ofz}t &
T WIS drd 2A 35 (number of REM
periods), F4H ¥ A|7Htotal REM sleep time) 2 2
&9 ¥4 24 3l (number of REM segments)9} of
8% ¥ 74 3l5°(total number of awakenings) &
7ot} FAeHAT
FH YEZFET|Y &

7], A5 AAE7), SOREMP 2435+ 2 8471 B
35 S g 2] B EelIUT

3. AREN
SPSS for windows 5.02 AM&3le] A2 S EA24

8 A4 B WS

o

). 71AY A7 AddERTdY Ak §
= 4A43522 independent t-A%3AT}. 47)
I} ¥, oRFEF F 44 35 2 A5y
, 283 Fhel) AR JUAEI|EAAL Hed

Af#7+ Pearson’s correlation© 2 41818
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& ot

718 T 19985 EAke 160l o2k 39

H& 26.0£18.341010 . 4 54 ‘EH/}H.
Be Fos4 e 2 Hxg
W, 29 gz, suvk 2 9
Z+2- 247} 14%(74%). T8(37%) 2 5% (26%) 4
7= HTable 1).

=
T
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Table 1. Demographic, clinical and multiple sleep latency test(MSLT) data in the study subjects with narcolepsy

Symptoms MSLT?
Subject No. Age Sex No. No.
SAEDS CpP SP HH SL RL SOREMP  Dream
1 21 M + + + - 1.0 4.5 3 4
2 57 M + + - - 24 7.3 4 2
3 21 F + + + - 03 1.8 4 3
4 10 M + - - - 0.9 5.8 2 0
5 15 M + + + - 0.4 0.6 4 3
6 48 M + + + + 1.3 7.5 4 4
7 18 M + + + + 1.4 0.0 4 4
8 39 M + + + - 2.0 34 4 2
9 21 M + + - - 1.5 1.8 4 3
10 72 F + - - 7.0 0.8 2 2
11 50 M + + - - 39 4.8 2 2
12 49 M + + - - 26 14 4 4
13 15 F + + - - 49 1.3 2 2
14 15 M + - - + 4.1 2.7 3 2
15 14 M + - - - 1.6 1.8 2 3
16 22 M + + - - 0.6 09 4 0
17 43 M + + 24 33 4 3
18 13 M + - - - 09 0.8 4 3
19 19 M + + - - 2.8 0.8 3 3
Prevalence(%) - - 19/19(100%) 14/19(74%) 7/19(37%) 5/19(26%) - - - -
Mean(SD)  26.0(18.3) - - - - - 2.2(1.7)  27(.3) 3.3(09 2.6(1.2)
Range 10-72 - - - - - 03-07 00-75 2-4 0-4

SAVEDS : sleep attack/excessive daytime sleepiness, CP : cataplexy, SP : sleep paralysis, HH : hypnagogic hallucination,
SL : sleep latency(in min), RL : REM latency(in min), No. SOREMP : number of SOREMP during MSLT, No. Dream :

number of reported dreams during MSLT
TMSLT : total of 4 nap tests done every 2 hours
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2. YOTET IS HA & A

UHAET] Hghe 22417808 guiygow F
2t 939 A4 HYE FEsHE .08 w8
aﬂl 29 272€ 299 SOREMP 24 ##34

3.310.93], A4oAFET) AL 2.7£238 2,

%‘H‘a(’l W Al A v)$- gk go] WAyehe ke
At #x7L Hagh F RRsre] BEge 2.6+1.2
3jo]AtHTable 1).

3. ORITHTE B4

SR ARANE 71T F AT W
W AT A dRE Aol BAHeR fod 2}
ol7F Atk zauk Aol wlE Z1HE sxpFeA
%‘— BN &2 /e 08, FREEAST &

2 A2 (p<05)8hs 27 S Bt} opztraE 719

] 381}‘7‘4 % A48s gL 222114, 5§]°]5\’1‘4

g ARl vlE 19ASE 285 7Hp<01),
AFE 2&7342(p<05), A5H 2874l 05)
a3 A9 B4 (p<0D) 2728 B} 714y
FAzAA QAFEII7 AR < oDEHAA T, de
HAREI = F 3 f9 olg Holx ¥t
(Table 2, Fig. 1).

71H EApA Bol oftAA e} AP A o=
Fig. 2914 B nie} Zoitt. H35 A o] FAld] @

1)

sgon, A ABA 194 B 284 FHE
dgd AXEe A g8 dA5do| A LA (SOREMP,
sleep-onset REM period)3h= 43¢ Rt a8
Ao| wtEE 31 Zpyo] Frislo} AA Mo FHEER
F B8] oA e & HATh
°P2}th:r‘7‘°ﬂ FILe & F g Ao dEHe
H, oitedFE F 24 g % g9 BdE, 1
E]-T-’ Fhol AA G YUZEI|HEDAL BAET o)
FATFZE HAE ke ABBRAE BYHTable 3). 2
Y #AzlFol A d87} Aoy 2g T 9

-

Normal
P2 Narcolepsy

SWL{min}
SU(min)  REML{min}

TSW(%) TREM(%)
TNREM(%)

TWT(%) TS1(%)
SEW%) TS2(%})

Fig. 1. Nocturnal sleep architecture in narcoleptics(N=19)
in comparison with age-matched normal controls.
*p< 05, *p<0.01.
Refer to Table 2 for abbreviations and definitions re-
lated to the above sleep parameters.

Table 2. Comparison of nocturnal sleep architecture between narcoleptics and normal controls

Normal Controls
Sleep Parameters

Narcoleptics

Mean(S.D.) Range Mean(S.D.) Range P
TIB(min) 467.1(34.4) 397.0 -494.0 469.8(44.7) 422.6 -585.0 NS
SPT(min) 453.0(42.9) 407.0 -566.5 462.0(36.1) 376.5-493.0 NS
TST(min) 440.0(47.4) 389.1 -557.5 410.9(72.4) 243.0 -488.0 NS
TWT(%) 29( 2.9) 05- 117 12.5(12.6) 0.6 - 49.6 0.003
SEI(%) 93.7( 3.5) 820- 970 87.7(12.2) 520- 99.0 0.047
TS1(%) 5.2( 1.6) 30- 76 21.5(12.0 1.7- 550 0.000
TS2(%) 50.3( 5.9 440- 61.7 42.5(14.4) 13- 649 0.036
TSW(%) 17.0( 7.2) 49- 240 10.2( 8.2) 0.0-.239 0.010
TNREM(%) 72.5( 2.0) 68.9 - 76.1 74.2(10.8) 424 - 865 NS
TREM(%) 24.6( 2.7) 19.5- 280 14.4( 6.4) 34- 256 0.000
SL{min) 13.8( 3.1) 58- 17.0 39( 5.1 0.0- 20.0 0.000
SWL(min) 25.4(12.3) 13.0- 48.1 35.0(20.4) 175~ 96.0 NS
REML{min) 95.2(29.2) 14.5-133.8 79.8(95.4) 0.0-269.0 NS

TIB : time in bed, SPT : sleep period time, TST : total sleep time, TWT : total wake time, SEI : sleep efficiency index, TS
1 total stage 1 sleep, TS2 : total stage 2 sleep, TSW : total slow wave sleep, TNREM : total non-REM sleep, TREM : total
REM sleep, SL : sleep latency, SWL : slow wave sleep latency, REML : REM latency
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Fig. 2. A hypnographic example of nocturnal sleep frag-
mentation in a narcoleptic patient. Sleep-onset
REM period, moderate sleep fragmentation with in-
creased wake time and number of awakenings,
and segmented REM sleep are shown in the noc-
turnal polysomnography(6 hours and 51 minutes)
of 14-year-old male narcoleptic patient.

FBAAL AN, 2F YRAM A Fohe e
MaFAEE A0 ARl w8 o) FZ A U
L @4 (p<.01)& B39 Fig. 3).
ORFTETGAZAL Aol A LS BF
2 3.6+1.08]2 20the] AN Yeht= 4~53)
9 erg grd B¢ E‘}iﬁ} P F A
Y 80.6+38.0%, 18x A5w 2A Ay 359
B 9.8+4 63 0j3}. °F7} Frd 2 e F
FAAZHP<L0), FHEEAF (P01, vj=Has5E &
E(p<.05) B A5H %(p< 05) e A AFBA
7b ik 3y AL B8 (p<01), MakeEg
H71(p<05) 2 E“A“]’é}i7](p< ek 9 dag
AZE A0S, A5 F A FREEAF B (pl

T 1 171 71 1 r 17

‘:J”_E_—‘:‘

30
"o Normat
8@' 4 Narcolepsy |.
—_ O o))
* 20
a L 4
g @]
= ®e
4 * o o*
g 104 . o
s 2 4 oo
R oo
= *
5 (€ R R RRARELEE 0"""“’ --------- S ahbbl
T T T T T T T

0 10 20 30 40 5 60 70 80
Age(years)

Fig. 3. Age effect on total slow wave sleep% of narcolep-
tics in comparison with age-matched normal con-
trols.

05), Aard £8(p<.05) 2 d43d E8(p<0D) T
o 3 42 3'&74]7]' Ao, AT & (p<05) B
19AFE 2407 9 B34S B Ed. &,
A DA 55 F4W F Azlo] S| uE 7
AL e 7&.’:\-5]-!— TB‘EEX]T 80| F7HH
= ey
FEA (p<.05)§ Hol #edid iy 5]-1-7} —5-7]-§}
of el £H7IZEAZ] Bl E AE BEE F AN
o}
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e
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AL
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3
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o
_l
£
_i
£
N
i“z
- N *
o
_&
i
&
o

HEEA T

Table 3. Correlation of age, REM sleep data, and number of awakenings with data of sleep architecture

Sleep Parameters Age No. REM periods TREM No. REM segments No. awakenings
SPT -0.290 0.218 0.154 -0.515* ~0.288
TST -0.371 0.654** 0.431 -0.313 —0.692**
SEI -0.340 0.746** 0.472* -0.123 —0.732*
TWT 0.342 - 0.750%* —-0.473* 0.126 0.733**
TS1 0.354 -0.301 -0.682%* 0.013 0.696**
TS2 0.052 0.435 0.215 -0.110 -0.713*
TSW —0.774* 0.371 0.552* -0.261 -0.572%
TNREM -0.127 0.525* -0.050 -0.330 —0.609*
TREM -0.385 0.494* 0.983** 0.327 -0.356
SL 0.31 -0.545* -0171 ~0.034 0.309
SWL 0.415 0.042 -0.135 0.054 0.347
REML -0.182 - 0.767%* -0.301

-0:431 0.339

*p<.05, *p<.01

'Refer to Table 2 for abbreviations and definitions related to the above sleep parameters
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