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Abstract

I Objective

This study demonstrated sleep-wake state under the treatment environment by illuminance and
noise in the neonatal intensive care unit (NICU), the influence of physiological response, circadian
variation and the relationship between day and night, and considered the desirable nurturing
environment for infant’s development.

I Methods

Thirty-six premature infants who were born in 31-32weeks gestational age, 27 boys (75%), 9 girls
(25%), participated in this study when their respiratory status and circulation state were stable in
gestational age 33 ~ 36 weeks (8 ~21days old). These premature infants in the NICU incubators
were observed for the amount of physiological activity and sleep-wake state. Actigraphs were
attached to the infant’s ankles. Illuminance meter and sound source meter were installed over
infant’s head. The data of actigraphs was collected every minutes. Monitoring points were
following, amount of activity through actigraphs, breathing rate, heart rate, oxygen saturation,
illuminance and the noise in the premature infants’ room. These were monitored day and night for
three days continuously.

Automatic analysis was conducted by the software ActionW used Sadef's algorithm. SPSS ver.16
was used for analysis. Statistical analysis was undertaken by using paired-sample t-test. The
multiple comparison of the amount of activity on day and night was perfomed by Scheffé Posthoc
test. The correlation coefficient of amount of activity and environment (illuminance and noise) were

calculated. The significance level was made into 5% or less. We observed the longitudinal course of
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the quality of sleep (w, S1, S2) which was judged every minutes, and compared the rate of the

quality of sleep between day and night.
I Results

1. Measurement was started when premature infants were gestational age 35.3 &= 2.6weeks under

the environmental conditions which illuminance was 167.0 = 251.7 (n=16503), sound pressure

level was 68.5 &= 10.4 dB (n=12530).

2. The amount of activity in night was significantly higher than in daytime for three days. There

was little change of respiration in night whereas the change in daytime was large.

3. About the nursing environment measured simultaneously, illuminance was low in night.

Although sound stimulation was different every day, there was no significant difference of sound

pressure in day and night.

4. Ultradian rhythm was recognized from longitudinal course of the quality of sleep.

5. The rates of the quality of sleep between day and night were following. In daytime, Wakefulness
27.3%, Sleep 22.3%, Unsound sleep 50.4%,. In night, Wakefulness 21.4%, Sleep 24.5%, Unsound

sleep 54.1%.

IV Conclusion

Although the follow-up review is needed about the difference of maturity of infants, we suggest

that the developmental care is needed to encourage sleep, with maintaining the light-and-darkness

environment, without the excessive artificial stimulus.

Key Words: NICU environment, premature infants, illuminance and noise, sleep-wake rhythm,

day and night

I. lZC&IC

AEAR - HEEY X LR EARKY X LOFEIE, H%H
BEBZECOE LIRBERNOREZ S5, HREX
R B B RN KT L SR D 24 B RS JE I 7 & D REAR E
BlcRFAESEZ LIk >THET S (BHM, 1994).
ZLTC, FH33EBHYORER T, il (XS5
ST Y) DEERELU TR SN H D, ARG K
T TZZRHHICZ > TV (BHfth, 1995). F7z,
FE R OMEARIE PR ORENRATH 5720, K
NOREAREERE & 13 H7x 0 iR, BEERICOFEINT
WaH, iS5 (2011) &, B)EEAR (X REM MEAR, &%
MEAR X NREM BRIRICH /252 L Z2MELTWVD. 5
2, FEBR5 (2010) & MRV TIE, HENE 33 JHEAIC
REM [EIRAHI B U, F0E 35 3 LI IC Id NREM [RIRE &
MEXZIRENHH T Z2HMELTHED, MR- X
) X LSRR IRITENC & % iR R ORI A5 1% &
LM/ ENLBIRTH 5.

S5H RO FEE LI 3 % NICU (Neonatal Intensive
Care Unit ; FrAEVEREESR) FERE, EHERE
GEZZD, AL LB, HOMEREFM, AFLX,
AR EICERMET S INZEBRREOPTHT T C
L2z (UNE, 2007), ZORENOBENEZEN
% (Heidelise Als, 2008). DX, RERIEIFE
WERBEE & 138752 RERIREZE(LZ 5 1 BREE)SHE
ERZ (T EICRD D, RERARIIEEREOELT

BT EVZB.

NICU O &R, Bk & ORFBRERE OIS 1980
FERNSHEED, DX, EHENEERRSZRE
ICEWHIME 5 N % NICU Al D, ZOBOKE -
FEENDZEDOMANEATETVS. LrL, NICU
ABEOMHAERENE, BMENEEZSIFLERVIES
TH, PEEE, FRERMZ RS, 20 MW E
BB REREM T EDV R IRHD, TOLI%k
WERNBRORAENSL Z2EDEDN, HEE - B
BREDEBEZELOMEEHEDNEI R E, £2
TRICHSEMTETNTWiRW. iz, NICU {BEEREE
TORER « HEE ) X LR S KTEEEEAN D E R R
L, BENICUICBWVTIX, TEHNOERIICIIY de-
velopmental care (DC) DD HAIC K> T, KHGEER
B, HOWERIZEDTRZBI A HRBIRAICIA
TW5. LML, —AT, BROAUNVEERED
TERPY—HTAT7 VI ALERICEEETHS T &
LHEFEEINBEXSI1ICED (B, 2005), EREIADFE
ZHIMZICMOHSEMICZ>TETVS.

NICU O RERUE X, 7 AV H/NER SO AU
(American Academy of Pediatrics 1997) I & % &, &Y
1% H 1 100~2001x, %R 501x < 5WTHEY X LZD
U, HE4IB 5V EEIE LTSz, HAE N
EBHEICL TS CREA, 2009 K5 ThHsH, i
RTELEBLOBRTHS. TNETNICUICBWNT
DOFEHUE DB T RIS L2 Rt H 30, 24
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MIC b7z 2 BREENE & MR « HEE Y X L SOmEIR O &
E R ISDORHNZ L ZES> b DEHED R
RO, FTT, EELENEET T TRET S
BONNEEFBICESREIRICE > TEEL VA
R HUER BT 72Ic, NICUIZHBT 3 RIEDR
PERBETORERE S IC K 2 RS LOREL, Zh
W AES HERR « ) XL DOZE{LDOFH R £, NICU T
W HREROEEREOHE R, BHMNTAEKRY X
LOBEMNEHEMNCT B ZHWE L.

o 8B #

NICU Ic 551) % JREE, & ORMERBIIC X 2 IR - 3
FBIRAE L, BRTEEI MRS\ DBED>HNALH B
KURBEMNOBEFZEHS ML, WIZk > THEICYE
FLVWERREZEHRT 5.

m. HEA*

1) 7—2INEHAM
TR 24 55 H~ Pk 25 4 11 H

2) MAMR
WS it (MREZJTE), RIEKERED

WA, WK, JERMOEKER EDOGIHEN 7 <,

WG« JEERIRREDN 2208 U, I8 BH IR IRE D& 1 1£ I A i
A 32-34 JH D NICU, GCU (Growing care unit) A [l &
L.

3) BESHZE

1EfR 32~33 WRFIC HIAE L7 DS, RENZEL, &
BaaMb a2y FABKOH®EMN 2o IS, mBlICH
BRI /2. BIEAER 33~36 HAKE (Hi 8~21 H)

ICIREN R L ERCRE OB Z, FH - AREICBERE <,

3 H MR E Z2 17 o 7z, B AT H O 23 FF U Acti-
graph Z WD R EFICEEL, 4 HHDO®RRM 1 KT AHD
Nl WHow <oy etilEdszrE L, 5l
o= 2—mE (P, O, FREREMmE)
& Actigraph IC X 2 1B ORIKHE ZiTo 72, #AE
R, NICU O fUATIREAN 7 I, JEATIRERIE 21 R CRg
E U, BEREE, 1H1REGZZZ, KoM
BEWOZEICHE U, MIRERIKEOFMNIE Acti-
graph CITEIEMIEREE F Wz, OEE - PEIREL - B
MERBERE I, ZREOLDICHEEL TV IRLAE
=& — (HAYEE, MU-6TIR) Zif L7z, O,
WU 3 DY — F2ME R 723 BEIcEE L, B
BAEMMEO T —TJ RO THICEEL, 1 98I

HEF 1 Actigraph (fFl2H) ERERERT=Z2— (H
R OBIHIh OIS

Fogx L 7z.

BIMIIEE © Vital signs QLAIEL « PEIREL « REEZ B SR BAD
), & (EHEEIR, SRERAR, HED), JXX—XN
Mg (x), ZVN—XANEIE (dB)

WEWKI 7 I0F 57 A= RCE (Acti-
graph) (Y= Xk, 2009)

Actigraph (&, WiBEIEIOVGEENGT T, BT X 13g hnk
FE fREE (J&HEE) 0.01G/Rad/sec D/NR 3 ot s i 5
T, 21 HEEEREDN R TH . MIRRY T T &
90%LL EDOMHBEMNH O, BEAR - 5 EH RO AT HE 7% R
MEL LT, WRHIZE T —EKEDHERE (golden
standard) ZH#ERFT 5 (AL, 2014) T LWFEHEN
TWa. 2027 Y FEEIE 16Hz T, K5 fiF
fE (TR 7LV R) ZIOMICEEERS LT,
INTEICEEDTEIHRE L TIEEE 2R T 5.

Actigraph DB T — X%, 12 —T 214X CKkH
AMI #81 AW2) ZALTa V¥ 2 —RICHE LRE
Lz, ZzCM E—F, HiRdaaEid 18 (7 b x—2~
3Hz, high sensitivity mode) Tl L 7z.

4) BRAE

Actigraph D 7 — X, AW2IZ TV R)VIcEH#L
T, Sadeh (1995) D7 )VdV X LZEHWEZY 7 Uz
7 actionW % infant IC3%E L, HEfET 2T/,
B0 HEE, sleepl : FRIEAR, sleep2: BMEAR & H|E X
N, FERC, FEREER, FHAERDPAEFRINS.
TE R R VG KL T Actigraph 2 B D 4} U 7z 165 45 1,
F— RS LT L%, /0 #ric id SPSS Ver.16 %
i L7z, et momici, icnd s 280 T K
E, SEEBORBKICK T IGEEOL HEILEKICIZ
Scheff Post hoc MiEZfT> 1z, & HIC Actigraph X % 1§
Fm e R (RE, S OMHBGREZERD, HEi
BREAKUESK LT E Lz, £z, 1 0EOREIROE M E
(KB (w), BREIR (S2), FHAEAR (S1)) DORFRFHYHE
B, s HEOFEMBEE G Z BRIk .
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5) fREHESR THY, BREBIHBINEETIENKEN ST, L
HERORBEOMAHIC, FENMPWAOEEEH L, 3 HOSHTERHENHE (P0.05) 123,

LB & B S G . WERDGEEEEICE  EAROBRICHES (P0.000D Z#DI. —/, &

D, WiolBETERARSDENT EEZHMH LK. LR
BEEICKZHADZVOT, MENOEAZEZ T,
WEMBRELADREICKHICEZL, BAOHME
B/NRELLERIDDDICARY 7R TEEREIEIL ST,
WERE R W ERN - R TERILL, TIANY—%
R L 7o, AW TUM R B R i K =) g PR A 2% A
MERAZARORRZZITHM LTz GRRFES | 24-53).

v. # 8
1. WROEMN

HWERFE NICU 324 (888%) GCU 4% (11.1%)
D 36 . WHOHAEROIERER 315 + 25 H T, 33
K 18 %4 (50.0%), 343 14 % (38.9%), 35 ELI% 4 &
(11.1%) TH O, BINHHIEREE, BIETENE 353 = 2.6 #
THol. HAEROKEIL 1500g A 16 4 (44.4%),
1500g DL | 20 %4 (55.6%) T, “FHE{AHE 1567 £+ 469.2g T

Hole. WANEZHEK 2748 (75%), LHI% (25%) T
37)')7’: WomAEROIREZ RS T TH—Aa7 (AP)

S 7.3 + 205, 59% 84+ 1355 THHT.

2. NICUREL, BEEHEDBRILLE
D) REREE L, BN O B EIE IR &R NSO
it

B AARS O NICU D B3 B 1%, W 167.0 = 251.71x
(n=16503), #FJF 68.5 = 10.4dB (n=12530) TH Y, B
(7:00~19:59), 7&HF (20:00~6:59) THIFTHB L (&
D, BABAMICBT20ES QHHE) OREFEEIE,

#5308 £ 280.71x (n=2823), &4 61.1 & 159.31x (n=2160)

JFOFEYE, BH 714 + 10.1dB (n=2520), 754 62.9 +
10.6dB (n=1800) TH O, BKDEZ/NEh>7=h, Hl

EHMRUCBRICEEZ (P<0.0001) Z7EH7z. [HREH
U7 MiEE s e LT, O (HR) &M (R) &
HICK> TREDOMHIAIEEZ > Tz, REEBREE

(Sp02) &, 3HMEEBHOANETEN > TENERE
EEROIEN oI,
EHICBRAORKREIE (7 7F AT MO D
ZibzHsd (K1) &, BEREEIC 2~3 KEED M
THIZHEHROMHOBE L ZRD .
2) 1 HOWFERE O - HHED ok e HkEE =
O A B KRGS & O #H B R R
iR, [EHE L OMHBZ R RO NE
2TCThH5. HEFEELRELOBFZE T4 EL LK

0.4 1T H WVl 72 7~ UAHBI DY & by > Te e R 1 0~3 RE o3
r’=-0.493 (p=0.037) & 3~6 W H 1’=-0.667 (P=0.0025)
T, b‘fh%ﬁ%ﬁtﬁ%@ uzu‘y)fL #ﬁﬁﬁﬁggt

DB RE 0.4 Wi b o KR4 &, 0~3 KHT
1°=0.446 (P-0.1965), 6~9 Wi 1°-0.448 (P-0.1942), 9
~12 K47 C 1-0.332 (P-0.3486) TH o> =MNEE T
oz,

3. 1HOEENE (GRE) Zike, BF - BRILHIF

ZEEOERICHIEHEDIHEBD

X211 HORBRFENICH I 2 HEIR - BEEOHE (%
EoHEE) DEICDWTRL .

REEAR { BIEEAR) O G5 EEM, VT NO R
TH 50~55% DHANZ Hd, HEE (21~29%) &%
MEAR (BREREAR) (21~24%) L IZIEFAROEHGE 5HT

# 1 ERERE O JHHD & BRI S kiEE) & &AM R)SOZEL
Bt B#1  Activity *“ -%ﬁ n F Mean  sd n & Mean sd n Sp02 sd n HR sd n Resp sd n
w2 Mean Mean
Actlwty Ix dB Sp02 HR RESP
188 1 57.8 67.3 12600 1579  270.0 2520 7.9 9.3 2520 96.9 4.0 10715 151.2 218 9517 50.7 17.0 9857
2 52.3 62.1 9000 299 33.8 1800 67.3 8.8 1800 96.8 3.9 7389 153.4 227 6201 49.5 17.0 6395
550 55.5 65.2 21600 1046  216.7 4320 70.0 9.4 4320 96.8 4.0 18104 152.1 222 15718 50.2 17.0 16252
288 1 63.2 704 12600 308.0 280.7 2823 71.4 10.1 2520 96.7 42 8198 154.4 231 7495 53.6 16.2 7590
2 53.6 61.9 9000 61.1 159.3 2160 62.9 10.6 1800 96.5 42 5884 148.7 215 5644 523 15.6 5750
fexit) 59.2 67.1 21600 201.0 2657 4983 67.9 11.1 4320 96.6 42 14082 152.0 226 13139 53.0 16.0 13340
3HE 1 59.9 70.0 8991 2708 2783 4200 69.1 9.7 2270 96.2 45 8227 148.4 231 7739 515 16.7 7728
2 57.8 66.9 6420 55.0 1414 3000 65.5 11.2 1620 96.1 4.7 5946 150.4 217 5402 52.5 17.9 5523
Fo% ] 59.0 68.7 15411 180.9 2546 7200 67.6 10.5 3890 96.2 46 14173 149.2 225 13141 51.9 172 13251
# 1 60.3 69.2 34191 2520 2830 9543 70.9 9.8 7310 96.6 42 27140 151.3 227 24751 51.8 16.7 25175
2 54.2 634 24420 504 130.2 6960 65.2 104 5220 96.5 42 19219 150.9 221 17247 514 16.9 17668
foxiil 57.8 66.9 58611 167.0 251.7 16503 68.5 104 12530 96.6 42 46359 151.1 225 41998 516 16.8 42843
Activity Ix dB Spo2 HR Resp
HEE () F=131, P=0.432 (2) F=236, P=0298 (a) F=113, P=0065 (2) F=51.11,P=0017 (@) F=044,  P=0591 (a)F=53, P=0158
BE5Ib) F=7.16. P02 (b)F=3557P=0027 (b) F=1385P=0065 (b) F=256, P=0250 (b) F=0041, P=0858 (b) F=0.381, P=0.599
(c)F=8321,P<0.0001 (c) F=68.93P<0.0001 (c)F=1.79, P=0.167 (c)F=136.19, P<0.0001 (c)F=20.48, P<0.0001

HIE B+BA A (C): F=14.3, P<0.0001
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R OiGE R, MR - HEIKEORKNE
fEOBRERFRPICDOVWTH L.

T T, 7 AV ANERSE I NICU OBl AHE &
LT8R, HM 100~2001x, #& [ 501x < 5WTHEY
ALEDTB LS, FIXDWTIE45dB LEIE LTV,
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