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Detrended Fluctuation Analysis of Sleep Electroencephalogram
between Obstructive Sleep Apnea Syndrome and Normal Children
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B ABSTRACT

Unlike the case of adult obstructive sleep apnea syndrome (OSAS), there was no consistent finding on the changes of sleep archi-
tecture in childhood OSAS. Further understanding of the sleep electroencephalogram (EEG) should be needed. Non—linear analysis
of EEG is particularly useful in giving us a new perspective and in understanding the brain system. The objective of the current study
is to compare the sleep architecture and the scaling exponent (a) from detrended fluctuation analysis (DFA) on sleep EEG between
OSAS and normal children.

Fifteen normal children (8 boys/7 girls, 6.0+2.2 years old) and twelve OSAS children (10 boys/2 girls, 6.4+ 3.4 years old) were stud-
ied with polysomnography (PSG). Sleep—related variables and OSAS severity indices were obtained. Scaling exponent of DFA were
calculated from the EEG channels (C3/A2, C4/A1, O1/A2, and O2/A1), and compared between normal and OSAS children.

No difference in sleep architecture was found between OSAS and normal controls except stage 1 sleep (%) and REM sleep latency
(min). Stage 1 sleep (%) was significantly higher and REM latency was longer in OSAS group (9.3+4.3%, 181.5+59.9 min) than in
controls (5.6+2.8%, 133.5+42.0 min). Scaling exponent (a) showed that sleep EEG of OSAS children also followed the ‘long—
range temporal correlation’ characteristics. Value of a increased as sleep stages increased from stage 1 to stage 4. Value of a from
C3/A2, C4/A1, O1/A2, 02/A1 were significantly lower in OSAS than in control (1.36+0.05vs. 1.41£0.04, 1.37+0.04 vs. 1.41+0.04,
1.37£0.05vs. 1.41£0.05, and 1.36+0.07 vs. 1.41+0.05, p<0.05).

Higher stage 1 sleep (%) in OSAS children was consistent finding with OSAS adults. Lower ‘@’ in OSAS children suggests decrease
of self—organized criticality or the decreased piling—up energy of brain system during sleep in OSAS children. Sleep Medicine and
Psychophysiology 2010 ; 17(1) : 41-49

Key words: Child - Obstructive sleep apnea syndrome - Electroencephalogram - Detrended fluctuation analysis - Polysomnography -
Sleep architecture.
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(obstructive apnea index) 7} 12 @A &= A9+ A
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2. #HOAHAR 20EHH X 2329 T}
A= Somnologica® Medcare Co., US.A)E
ARgste] 7)E810it) sk o R 2 A= (elec-
trodes) ¥ 7HA]7]E (sensors) = OPdAtell Al F-2bakalet. =
o}, QFA %, 3tk % (chin EMG), AHAR(ECG), 5+
(breathing sound), 77 2 H]7]5(oral and nasal airflow),
17571949 (nasal pressure), §% &5 (chest move-
ment), 5% F&2% (abdominal movement), AFA2-%
(limb movement), 18]1 FAARYEI}E (Sa0,, arterial
oxygen saturation) & 78It} ¥ 3} =2 10~20 Al
Al(14) ol A3k C3/A2, C4/AL, O1/A2, O2/A1°]
Zolek AL A= 29 22 215 1 em S
shel] Zbzb Bty A% ARA7E skl fel &
skGith Fzol S-S A% W vio]laERES 5 (lar-
ynx) F-2lel] FAEIgIeh F719) 37171e] 7] 2% AFE o]
Z 1474 7] (thermocouple)

AvIsHAl Z7d3s7] sl v17dw719E W37 (nasal pres-
sure transducer) & H]F (nostril) kel H-2H&3Ach A
T AL %49 A (modified lead 11 position) o], 314
FES 75 93 2HE WSS I AHTE

= =
BaETh dEAATIE =A7] (pulse oxymetry)
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Aol AMEElE Wk 10~20 AA (14) o whabA] -2

FEHE 200 Hz8loH, FEE= st=dlofe]l g2 0.3 Hz
high—pass filter 2} 60 Hz notch filter7} AF-% 31t}

oftt FHTHIYIES FallA dolxl Huk 2 FHd
(sleep stages) ol 3t FHZ Somnologica® Medcare Co.,
US.A)el Q= Hole % 255 olgste] fritolHx
9 (European data format, EDF) 0.2 FZ3}3it}.
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w3}o] B4 ERA (detrended fluctuation analysis,

DFA) 2 35tA|Z 2183k,
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=
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9] 7 (window) & FobAl, 1 77E0] HAA

A A 7haA ZF 93 W (fluctuation) jéﬁ*% 73k
E}. T RFY He 7 3 2719 R 19 2E 1y
A P A 718717F F2 A5 (scaling exponent) ot}
9] AellA Fn) &l AFA=T gro] #2911 nell thsh 3¢
= J8A I o] W] 71e717F HH A 57} e
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1. 3% A0IZ1 Hayy AHRTIFRY AT B

P Aot 157 F 87(53.3%) 0] Holelal 7vgo] ofo}

ol FHHNY FEFEET Foke- 12 F 10%8(83.3%)
o] o}, 27go] ofoliout EAA o7 Fot Alol= §13
o A dokre] HudHE 6.0+2.24% HHE
T35% Sohrd) 6.4+3.449 FAHOE {2t ate]
= Ak 719} 55, AEZAFBMD = T el
ot Aol AFGE 1

2. OFt SBICIIHNOIN Lt Afo)
A Aok 1593} Ay FUTPEEST o} 1273
oI ozt SuThANE ANsET 1 ﬂ

N

BAS %?i‘é] fﬂliﬂ"é “’FE‘J"‘?—E%%‘EOHH el At A
O U] -
9} “‘?—igxlf(apnea index), T=0] A|7ke] H]&

EA=(limb movement index), FZHMJ*4*(total arousal

“*(apnea—hypopnea index)
K

Table 1. Demographic characteristics compared between OSAS and normal children

Normal (n=15) OSAS (n=12) t p
Mean=+SD Mean=+SD
N (%) N (%)

Age (year) 6.0 = 2.2 6.4 + 34 —0.485 0.633

Sex (male/female) 8/7 10/2 - 0.2232

Height (m) 116+ 0.15 121+ 0.24 —0.574 0.571

Weight (kg) 227 + 81 29.8 +18.4 —1.250 0.232

BMII (kg/m2) 164 + 2.7 182 + 4.1 —1.384 0.178
OSAS : obstructive sleep apnea syndrome, BMI : body mass index, — : Not applicable, t : by independent t test, a : by Fisher’s Exact
Test

Table 2. Sleep architecture compared between OSAS and normal children

Normal (n=15) OSAS (n=12)
p value*
Mean=£SD Mean=SD
TST (min) 511.5£45.6 504.6£49.9 ns
Sleep efficiency (%) 93.8* 6.2 87.9+12.3 ns
Stage 1 (%) 56+ 2.8 9.3+ 43 0.008
Stage 2 (%) 48.3+ 4.9 459+ 55 ns
SWS (%) 234+ 34 257t 6.0 ns
REMS (%) 228t 45 19.1+ 6.9 ns
WASO (%) 44+ 6.1 10.4+12.2 ns
Sleep latency (min) 9.8+ 7.0 9.8+11.2 ns
REMS latency (min) 133.5+42.0 181.5+59.9 0.023

* : by independent t-test between normal and OSAS children (p<0.05). OSAS : obstructive sleep apna syndrome, OP : operation,

TST : total sleep time, SWS : slow wave sleep, REMS :
deviation, ns : not significant

20t HMYF2ES Llufe] ETHSEY

rapid eye movement sleep, WASO : wake time after sleep onset, SD : standard



Table 3. Severity indices of polysomnography compared bet-
ween OSAS and normal children

Normal OSAS
(n=15) (n=12) P
Mean+SD Mean*SD value
AHI (number/hour) 03 £ 03 17.5%244 0.033
Obstructive apnea index 02 £ 0.2 9.7£13.3 0.032
Apnea index 03 + 0.2 9.8+13.3 0.031
oDl 17 £ 21 152+236 ns
Snoring time (%) 04 = 1.0 285+222 0.001
LMI 83 + 23 18,1+10.8 0.009
Total arousal index 54 £+ 15 102+ 51 0.007
Respiratory arousal index 0.02+ 0.04 3.7f 57 0.047
Spontaneous arousal index 53 £ 14 6.2+t 21 ns
Mean SaO:2 (%) 974 £ 09 96.8* 2.0 ns
Nadir SaO2 (%) 889 = 40 827+ 79 0.011
Heart rate 78.1 £111 87.8%£16.2 ns
SD of Heart rate 76 * 26 8.6t 23 ns

* 1 by independent t-test between normal and OSAS children
(p<0.05). OSAS : obstructive sleep apnea syndrome, AHI : apnea
hypopnea index, ODI : oxygen desaturation index, LMI : limb
movement index, Sa0: : arterial oxygen saturation, ns : not sig-
nificant, SD : standard deviation

index), 54 ZdA|4=(respiratory arousal index) %<l
A HAY FEFS o] sl E=3Tth HA AR
3k (Nadir Sa0y) = #HH4 FHFZF55wolA 28t
wolt} AAE3E A3} X9 (oxygen desaturation index,
ODD = Htgke] H3d FHFsETTelA F<id] =34
A Aal g AfolE dFeAl EFTE Hat Ak
¥Z3}% (mean Sa0,) 9 [ At AT Hdd 5
AFSFowolA Zol7t fllHHGGE 3).

3. HIMYHN Hof 2o Hi} : EEGHEEN
RE Yy Ao AT BAGe] EHTHFEY
(DFA) 2] %&A]4=(scaling exponent, a)+= 5 1549

A ATAR A4S S AeHaAlE 3, 4k
A2l FHAFROE Ao FH 1WA FAA SR
& HeR £ 29 FHAGe
o oW 5 72M wAlE 7P B SEAS s Ryl

iz sdc o] wE Hay FATrs ST 3
A= AR Zolto] AT Bl wEkelS Wl C3/A2, C4/Al,
O1/A2, 02/A18] A s HsjollA -5k FH Aol A )
A FAFETEFT] A rokrrt FosHAl ekt
(% 4, 1% 1), FHEGAEZ Hlﬂaﬁ HoMS w BE 47
o] AFelA 1 39S FHRAGE Y FETEES
o] A4 AokrHTh f-2)8H %%E}. C3/A2, C4/A19]
TH 4Rl HAHNE FHFEESTT FHATTE G
Zolre] ARt FolahAl Wkt C3/A2, 02/A19] &

%
o
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N
o
f
2

Table 4. Comparison of scaling exponent from each EEG channel
according to sleep stages between normal children and OSAS
children

Normal (n=15) OSAS (n=12)
Channel p value
Mean*=SD Mean=SD

C3 all 1.41+0.04 1.360.05 0.00
C3_Stage 1 1.30£0.05 1.29+0.10 ns
C3_Stage 2 1.37£0.05 1.33+0.05 0.03
C3_Stage 3 1.68+0.05 1.58+0.12 0.00
C3_Stage 4 1.73+0.06 1.65+0.13 0.03
C3_REMS 1.33£0.05 1.31+0.07 ns
C3_WASO 1.13+0.11 1.15+0.10 ns
C4_all 1.41+0.04 1.37+£0.04 0.01
C4_Stage 1 1.280.05 1.28+0.11 ns
C4_Stage 2 1.37£0.04 1.34+0.04 0.06 (ns)
C4_Stage 3 1.67+0.04 1.59+0.10 0.01
C4_Stage 4 1.73+0.07 1.66+0.13 0.04
C4_REMS 1.32+0.05 1.32+0.06 ns
C4_WASO 1.12+0.09 1.16+0.11 ns
O1_all 1.41+0.05 1.37£0.05 0.03
O1_Stage 1 1.30£0.05 1.28+0.04 ns
O1_Stage 2 1.37£0.05 1.34+0.04 0.08 (ns)
O1_Stage 3 1.660.04 1.59+0.14 0.03
O1_Stage 4 1.72+0.07 1.66+0.15 ns
O1_REMS 1.32+0.05 1.31+£0.05 ns
O1 WASO 1.16+0.09 1.15+0.06 ns
02_all 1.41+0.05 1.36+0.07 0.01
02_Stage 1 1.29+0.05 1.260.04 ns
0O2_Stage 2 1.37£0.05 1.33+0.06 0.03
0O2_Stage 3 1.660.04 1.57+0.16 0.02
0O2_Stage 4 1.71+0.07 1.64+0.18 ns
O2_REMS 1.32+0.05 1.300.04 ns
0O2_WASO 1.15+0.07 1.160.06 ns

* : by independent t-test between normal and OSAS children
(p<0.05), OSAS : obstructive sleep apnea, REMS : rapid eye
movement sleep, WASO : wake time after sleep onset, SD :
standard deviation, ns : not significant
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DFA of sleep EEG at C3 in Normal and OSAS Children

* *p<0.05

15
1
All S1 S2 S3 s4 REM  WASO
DFA of sleep EEG at C1 in Normal and OSAS Children
2
*p<0.05
*
15

All sl S2 S3 s4

REM  WASO

—— Normal — OSAS

DFA of sleep EEG at C4 in Normal and OSAS Children

* *p<0.05

All S1 S2 S3 sS4 REM  WASO

DFA of sleep EEG at C1 in Normal and OSAS Children

*p<0.05

All S1 S2 S3 sS4 REM  WASO

—— Normal — OSAS

Fig. 1. Scaling Exponent of Sleep EEG in normal and OSAS Children. = :

by independent t-test (p<0.05). All : scaling exponent during

all night sleep EEG, S1 : scaling exponent during sleep stage 1, S2 : scaling exponent during sleep stage 2, S3 : scaling exponent
during sleep stage 3, S4 : scaling exponent during sleep stage 4, REM : scaling exponent during REM sleep, WASO : scaling ex-

ponent during wake time after sleep onset.
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s S A1) hﬂf”O] = A5 (white noise) ©f] o
- 0.57F Yo wtolth(22, 23)
FHAFE A HFelME 05~1.00% RiE1
A, 7 HFeAE 1 oo R Ryl JE]'(22,23).
o] A7) ¢ Fo] 194 12 1.2602HE 454 44
O] 1737 e A1 7]Eel 1.0 ofde® Had i
i]v’wloﬂ ek o @t dAeE sdolh sHAINE ARl
wgelA @ Fhol 1Al lOOjldrH 3, 49419 1.31
77}%] Hag 7(22,23) Brke 84 58 R0t
A A58] BN dAATE Eﬁﬂ 12 (power—
law correlation)& F&sle = QIrh= A2 v]APA AH]
O 72X A 54E oldllsh=dl E%o] ¥rH20). DFA:
Peng 5 (24) el <JaiA] ke 2oz thE w34l W
He] SIS do] n]&g dH (non—stationary state) Q] Al
A Az E AL3 Q= o] Ao|t), o] dAFtellA #
2 F52 WEo] 548 AAlel g dlXsh] $18iA Bak
5(25)0] AAZE 271222 18]A] (self—organized criti-
cality) & A37tell Btk of= oln] of2] AFApEolA Rt}
*047@*5‘3] Z A2EolA oA Zo] AlalEE 2 ellA
2 (bursts) # vliEZEC] AtfshaA oux|52o] dojutar
O] Al2~Elo] 5% F2(tuning) $lo] AVl Tdeh=
b], Al 02 5 (spatial and temporal power laws
correlation) ¥ ¥%2 J8k(scale—free dynamics) 2] 54
= WEths o]Ee|th(25). ofn] TEelE A&ato] By
HE7E QITH26). AN 3ol 7 417 2] (neuron) 9]
A=) GRo) 212} (oscillator) A¢1 EAJo] 2}7) 24
2 ALl el g Bdllo] | 4= Qlal, AR ollUfA]
o] =9 A3 FAY I, G wE oy A] 9] Ay
o} FAETH27). A T ot 1 H3HAIQ A
5 A2AA anjAjo] et wioke AAEE wHAE
(magneto—encephalogram) oI AA| A<l oA =}
71244 3813 mEvtha B vk gIoh(28).

o] ATelM BE Hub A= AA i Hvte] st F
HA57k B ok urt AN FETEEETN O

sk, ol 919 o2l Agel Erhd, HHA 57t v
& A& A7 2A A o] vold Zlow siAE 4= 9)
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