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Synopsis In sixty healthy newborn infants the relations between the neonatal heart rate variability
(NHRV) and the behavioral state were investigated. The infants were divided to subsequent two sub-
groups according to the mode of delivery. One was normal vaginal delivery (N =47), and the other was
elective cesarean section (N=13). R-R intervals less than 280 msec and more than 700 msec were excluded.
The maximum difference in successive R-R intervals accepted was 60 msec. The standard deviation of
R-R intervals as LTV index and the mean of absolute beat to beat difference as STV index were calculated
with a minicomputer. The behavioral states were classified according to Prechtl’s criteria. The LTV in
state 2 and state 4 increased progressively and reached its maximum level on the third day after birth. The
change of STV was neither consistent nor significant. In state 5, both the STV and the LTV were very low.
The discriminant function gave percentages of correct classification of 85—100% for the active quiet states.
The NHRV was similar in state 1 and state 3, and in state 2 and state 4 respectively. There was an increase
in the LTV during the 24 hours after birth in the CS group. Thus, neonatal adaptation of CS differs from
that of normal labor.
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21 Behavioral state from Prechtl’s criteria

_Behavioral states Eyes open

Eye movement

Regular respiration | Gross movement

"State 1 (quiet sleep)
State 2 (active sleep)
State 3 (quiet awake)
State 4 (active awake)
State 5 (crying)

H+ +

+ 4+ + +

+ —_

I+
++ M

NI | -El ectronic Library Service



Japan Soci ety of Cbstetrics and Gynecol ogy

198645 A
State |
msec
800+
wo-MMW
4004
6004 State 2
400-WW
200+
8001 State 3
600 .
400
800+
State 4
600+ '
200
State 5
4004
2004

500

M1 Sequential histograms of R-R intervals from
each behavioral state. State 1 and state 3 were
characterized by a high frequency component.
State 2 and state 4 were characterized by a low
frequency componenf.‘ Both low and high fre-
quency components were small in state 5.
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» R-R intervals
B12 Non-sequential histograms of R-R intervals
from each behavioral state. Almost all R-R inter-
vals were recorded between 280msec and 700msec
in any state.
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3 Cumulative distribution of 5120 R-R interval
differences measured from five normal newbomn
infants between days 4 and 5 of life. Intervals of
less than 280msec and more than 700msec were
excluded. Each value represents mean+SD.
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state 2B\ TIE LTV IZ&EH L b BIMER % & ‘0
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X WEMETH o7, state 3ITEWTX LTV X[ . .
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L LTV 1% state 4ic B\ T B % STV i3 state R4 The daily values of long and short term
o . . variability in each state during the day of deliv-

1L state 4?“%“1%%3%@%75]’7“; ery and the ﬁfth day after birth. Each value

2. IR EYBA R w13 % variability D& represents meantSE.
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‘ . l§l 5 The daily: values of long:and short term variability in each state during the
day of cesarean section and the fifth day after birth. Hatched area represents
the values in normal vaginal delivery group. Each value represents mean+SE.
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%2 Neonatal behavioral state and the heart rate parameters. Each value represents
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meantSE.
State 1 State 2 State 3 State 4 State 5
(N=25) (N=2D (N=2D) (N=12) (N=20)
R-R interval (msec) | 463 +13.3 | 489 =8.71 460 =£11.2 515 =+18.4 (323 +3.58*
LTV index (msec) 27,9+ 2.34| 55.4+2.80** | 32.1+ 1.49** | 59.7+ 2.49| 11.4 *1.73*
STV index (msec) 11.5% 1.94| 11.2%+0.91 9.2+ 1.18 12.5x 0.96 2.86+0.15*
* State 5 compared to other state (p<0.001).
** State 2 compared to state 3 (p<0.001).
State 1 State 2 State '3 State 4
2 1 24 o
'™
o o0
1 4 [ J 1 - ®
000
o 0000 : 0
o ose o
[ Discriminant Threshould
o [ 4 00
o o 00000
0000000 000
000000 : 00000000
0000 -1 2 -1
o
[ ]
- -2 L -2
Z(X) = -3.808 Z(X) =-3.665

+0.007X1 (X1=RRinterval)

+0.038X 2 (X2=LTVindex)

~0.078X3 (X3=STVindex)
( correct classification 84.8%)

+0.005X 1 (X 1=R-Rinterval)

+0.056?(2 (X 2=LTVindex)

-0.085X3 (X 3=STVindex)
(correct clasification 100%)

® 6 Distributions of the discriminant score for state 1 and state 2 and for state
'3 and state 4. Discriminant function gave percentages of correct classification

of 84.7% and 100%, respectively.
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IR EILL T e, state 2i2%1F5 LTV i2
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index D 3SEBED AT A—-2—-DFThZTho
state (4 H BLR) R 3EXZHE LI OT
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CRBWTRAEEELTD (p<0.001), state 2%
state 3TD LTV index tEHEBEZLX BB (p<
0.00D), 2hbnt5 2 —x—FHATstatel&
state 2, state 3& state 4ZX¥FI L e A =2 7 — %K

6 IcRL7c, state 1& state 200¥IFITi3¥ 7B
3 —3.808+0.007R-R+0.038LTV —0.078STV
i X b BIHERI384.7% (39/46) THtc, state3
L state 4 ¥ 5T ¥ 5IBI% —3.665 + 0.005
R-R+ 0.056LTV— 0.085STV iz X b By s K%

- 100% (33/33) THo7z, FKRIC state 1& state

3DHIFEILT6.1% (35/46), state 2% state 4T
1%60.6% (20/33), state 3 & state 5 T12100%
(41/41), state 4 & state 5Tix100% (32/32) T
BHolc,

4, FHERRIEFNC BT B

FEGIA08 2 B IR ik, Rl o=
fetal distress 3R LFEYBAIC & b ol S hic,

3,068gm ® AFD R © Apgar score 1% 1 4% 2

A, 559%6AThok. NTRAEKSBHD
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R-R intervals

K7 Sequential (a) and non-sequential (b) histograms of R-R intervals in case
of neonatal asphyxia. R-R intervals concentrated around 400msec.
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X8 The daily values of long and short term
variability in case of neonatal asphyxia. Each
value represents mean=+SE.
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straight line & FEEh 5 RABAD Hbhie, Fi
¥ EPNEL%E RT3 BE O variability O #5423
BHBI (K8).
£ =

#14 )8 D behavioral state (X Prechtl i X hid
state 1 (quiet sleep), state 2(active sleep), state
3 (quiet awake), state 4 (active awake), state 5
(cryin@ R ENBNZh b0 EXO5EId D
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quiet sleep, active sleep D HHBEHEIHREEZ T X
W&LDENRD B, Junge'™ iR H I 13562
7 C& Y Non-REM sleep (3187, REM sleep i
2573 TCKEL1 D 2F1T1 3 TCHBELTW
5920 iR IIMEEER OME, HRER IV
RHABEDET, IRBE, EBOB I E BT,
% quiet sleep (ZPRMHERNR DI & £
ARBZ—ADaY b —ATRILBREBTDH
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101 ;___—,1\-
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UCRERRIRIDO V) X 2 bELh D, BB I\ Tik
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ha2, EBREEZEL, BXHIR570D0H
BEMEREFER X b 3 %\, state 1X state 30
Y= vy MRS ATRERABERSHSE
KRBDOLRBEBEZ b state TR #H
RIB)TH % 7= IC respiratory sinus arrythmia
(RSA) R RREBERBEIRTVWEHDLEL
-, state 2& state 4ix\~Fh b active 7¢ state
TH 5 DICHEEIOEBNAE 5> LI OB
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DEMEIEEFERELEES TS VTR
99.4% % 40msec A FTH 2%, HER B
TIEHIRER, SNR»LOE < DRIBIL ERRIE &
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REX—H—HOBLIMAL B ELELDR
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sleep state TIX STV 235 &L, ¥4 LTV
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L& LT\ %, Van Geijn et al2?i% state 1ic
BT STV 2380 L state 2iI28\\~T LTV 533
mMLTWBE L, SEOHE A« DERCENTDH
EHERESTIE X LTV 1T active state TH %

state 2 & state 4 THE AL TWAEBEZRDIC, &

ittt

675

o hbo state KB WTHEER S HET 5
FedDRBTH S5, STV X state 1225 state 4
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BTNl CWAEARED bhic, BRIE
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EHNECEL TAT NI HAER L 548
BRIE coHERD LTV, STV 2 HIE LAEK]2
R & CIMEME T D 5 2324050, 48E5RS & @ T
Bl ohTIEERNCHEAKTAELTWS, 4H
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state 412175 LTV 3EHRCHE AL T3,
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SRNHE S T o B EHREERE SR < iml
Bl LKL T30, quiet state IZ3B1F

AL CNS O activity 23% i #H & -tk 78

ThH, HRRXEEE BEWEEENMETL
TwhldEBbht, STV cB§L Tk state 1
25 state 4 CEEHEMTAOXTHH LTV
3T HEMREOBERE LB L TV iRy,

% H) LTV @ X HEMAEOEENR DD
Tl EE X bhi, state SIZF W TIXATRK
I BECTRLICRETH Y, BRI
mElxhtky, LTV, STV & EMEZRL
7o, SEZBIROFRC K W TREMLD 7L
state 1& state 2B\ TDO HEBPWE/LERE
L7-. state It CREEEESH®ED LTV,
STV & BIERRD < £ — v &R LT, state 2iC
BWTIRAEKBIHI ) LTVREERX2RLTE
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spectral - analysis % f\~ state 2iIzEB\Tix1~7
cpm KB ) XA BHofk & L Cstate 1&
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FRIIIIB TH oM E LT 5,
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@ behavioral state ®HAEE ORIz 513 CTHIE
LE#O%E&ﬁﬁLt.%LfﬁﬁﬁOEID
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HIEBE Il T VW5 EE 2 b,

De Haan et al.!
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13,

14,
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X ®
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i B UEFE%‘(D%%EEE‘JFBFE FIEME%,
1593, 1979,
CHEDNE), HEAKE, EREEER, WHETF,
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%, 18:202, 1980, :
K, & HiR, BE B UTRE @S
T EEFHEBRRERLBES L ASTVARE
%, REMmEE, 3753, 1985,
B ® . EBFERECETS FHR variability
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