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Automated Fetal Heart Rate Analysis and its Trendgram
in Relation to the Gas Analysis and Acid-base
Balance of Umbilical Cord Arterial Blood
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Department of Obstetrics and Gynecology, Tottori University School of Medicine, Yonago
(Director : Prof. Kazuo Maeda)
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Synopsis The gas analysis and acid-base balance of the umbilical cord arterial blood of 108 newborn
infants were compared with the results of the automated analysis of the intrapartum fetal heart rate (FHR)
and its trendgrams. The parameters of the automated analysis of the FHR, which consisted of fetal
distress (FD) index, uterine contraction area, FHR score, number of dips, baseline heart rate, variability
amplitude and lag time, were shown on the trendgram every 5 minutes using a microcomputer. 1) The
mean pH, BE and HCOj3; of the 4 groups, that showed 0, 1, 2 and 3 or more on the FD index, were gradually
decreased as the FD index was increased. 2) The FHR score, that was accumulated for 10 minutes from
0~10 minutes to 50~ 60 minutes prior to the birth, was well correlated with the umbilical cord arterial blood
pH (r=—0.47), BE (r=—0.60) and HCO3 (r=—0.45). 3) The intrapartum trendgrams were classified into
the normal and ominous groups on the basis of the FHR score and FD index. The differences between the
respective mean pH, BE, HCO3, Po, and Pco, for these groups were highly significant. 4) The specificity
and the sensitivity of the trendgram were more than 709 in the prediction of a pH value lower than 7.25
and of a BE value lower than —6.0mEq/1.
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53 DOREHOLHEEA2T7ITHS, LB A
27 (FHR score) &%, BIROIAEEBORYE
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£1 L¥\A%E = =7 (FHR score)
Parameter Abnormal sign points.
baseline FHR (bpm) | 110~130 or 160~180 1
90~110 or exceeding 180 3
70~90 7
less than 70 15
deceleration
dip heart rate less than 100 bpm 2
amplitude more than 50 bpm 2
recovery time more than 40 sec. 3
duration more than 60 sec. 3
lag time more than 40 sec. 3
type No acceleration just before
and/or after deceleration 2
‘W—shaped deceleration 4

FHR score=sum of evaluation scores in the 5 minutes’

duration

(FD index) %% 5}, ZhdOLiEHEix=7, M
EEHE, BRE QOB E — v RO% DR
M EIC L oTHREIh, EhDIEORI55HED
FBIREFEIRBOEEHEN 1 A0 & FBRBE,

2 ACHRIERIESE, 3 A TRIERELZE T
FE2),
# 2 BRBEIEE FD index)
Abnormalities FD index
FHR score is 10 or more but less than 20 1
FHR score is 20 or more 2
Loss of baseline variability lasts for 20 1
minutes or more
Typical late deceleration appears 1
Loss of baseline variability lasts for 20
minutes or more, accompanied with typical 1
late deceleration
Prolonged tachycardia (160 bpm or more) 1*
lasts for 30 minutes or more
Bradycardia (100~120 bpm) lasts for 10 1*
minutes or more, but for less than 30 minutes
Bradycardia (100~120 bpm) lasts for 30 o
minutes or more
Sudden cord occulusion is suspected 3**
* The points are renewed in every 5 minutes. On the

other hand, points of other items are accumulated for
every 5 minutes.

**This symptom is detected when the dip with duration
of 90 seconds or more and depth of 100 bpm or less
appears succeeding to normal FHR baseline
(120 bpm or more).
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# AT, pH, base excess (LA'F BE L HZ),
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LUF IR H CREt 1707,

1. BRRIRFEIREIC X AT

e RBFERRB OREBRIC L 2T, 0558, 1
B, 25%, SALLEBoATCSEL, &H
D FEEERIM pH, BE, HCO3, Po,, Pco, D ¥H1{E
L, TOEHEOERERYRD,

2. LB A2 7Tk pHRE

OB A 2 7 2 HHETD 0 ~1057 2> B % H 8l
50~604 % CO11RE T4 = Lic&Et L, B
BRI $54E & DO AHBIRE R Kb e,
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e R HE

HERT30% DL E DR B D 108610 1 4
Apgar 2 =2 712 8 H LA E210361 (95.4%) TH
b, THEUTRZSH (4.6%) T &ienole, B
BRI D & SEHMEI, pH 7.305 (KK 4 v
BB X5, DT pH OFHMERT N TKERA
FVEBEBECHBRELEHLL), BE —4.08+2.44
mEq/1, HCO3 22.00+2.16mEq/1, Po, 19.23+
4.33mmHg, Pco, 45.38+8.14mmHg TH o7z,

feds, KB CTRAERO THIE L EEFEC
£SO, FREIRIL A0 EFE% pH 7.250
Bk, BE —6.0mEq/1 ik, HCO3 20.0mEq/1 14
F, Po, 15.0mmHg B E, Pco, 55.0mmHg LA
EL, ThSoEXBEELRE L.

1. PRI X BHET (R 3)

R RARFEFRES 0 O EGIH5561, 1 R A2941,
2 J 340, 3 AL BB (55 R 161, 6
B1pDTHo., 14 Apgar A =27 7T BT D
ORI FERE 0 R 26 (6 /7, 78D,
SHUER3H (348, bR, TR Hol.

O BwEikim pH &g REFEE

W EhRIn pH OSEHMEIE, 0 SFF7.324, 15
F7.320, 2 SFE7.287, 3 MLIEEFT.1937T, BRIE
IR D LRI EME & 7eofe, 1 EREE 2
AR, 2ER L 3AMEROMT, ThALThER
= (p<0.05) @D, 0 5% L 3 AU EEMT
2 p<0.001DEBEEZRDIC.

@ Br#EIRn BE, HCO; & i BARSEEH

JE 4By ik Il BE O SE¥E X, 0 28 —3.16
mEq/l, 1 58 —4.12mEq/], 2 A& —5.15mEq/l,
3 AL EEE—7.81mEq/l TH o, HCO; D
1, 05%22.67TmEq/], 1 5 #21.56mEq/1, 2

#3  RIBGIEER & IEHBIRIMA R & O

FD index 0 1 2 3=
number of cases 55 29 13 11
pH 7.324 7.320 7.287 7.193
BE (mEq/)) -3. 16+1 55 S —4.12%+2.06 =5.15%2.26 | —7.81=% 4.17
HCO; (mEq/1) 22. 67+1 87 I* 21.56+2.03 21.04+2.38 20.69+ 2.74
Poz (mmHg) 19. 52+4 25 19.91t4.22 18.58+4.37 16.37+ 4.91
Pcoz (mmHg) 44.82+7.37 42.95+6.15 45.81+£9.18 | 55.15%10.91

mean+=SD *p<0.05 **p<0.01
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¥ C19mmHg B THEPIL T ey, 3 SRR
1¥16.37mmHg S{EETH o7, 0 S5 L 3 AL
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BRI CTRAEBEYRD 2%k, FHEIRI Pco,
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Y=-43.50X+ 322,79 ( r=-0.47 )
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# (p<0.05) ZFADT:,
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5 ~154r, 10~207 DR CTE\VHEBERELE L
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Y=-1.68X - 2.49 ( r=-0,60 )
X5 BHEEIR BE (X) &#EHAET10~2040 FHR
score (Y) & DHES (@ix vy N7 35 A BIFEE,
QP V VY FZSATREED
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FHR score

w
o
<

{1000 I N T T T T N O O T v I |
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o

16 18 20 22 24 26 HCO3 (mEa/1)
Y=-1.32X+33.41 ( r=-0.45)

X6 FEHEkim HCO; (XD &M #T10~205 0
FHR score (Y) ¢ DB (@ldbvv F7r s AR
HE, ClXbLV VY K75 AREED
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HAOMHBEREITI0~205 DR Tr=—0.60T
HH(R5), FHEROEHEEO R TLIAHKR =
7 & OAEBE BE 2 b & A o7, HCOz 1B L
T 5 ~154r, 10~204, 15~25%, 25~35%,
40~50%, 45~55%rD 6 B S CH B it BIEIFR
DFRD b, mADOHBIREIZI0~205 0K AT
r=—0.45THo7% (X6).

® FHEEk Po,, Pco, & LIAKA 2 7

Po, it L T &R A CHE LMBEBRIEZRD
Bhich ot (R 7). Pco,icBILTH, 5~15%
DR R CHBIHEBEBEREZRD 5 DK T, TOH
BAtR%r % r=0.26 (K 8) T pH, BE, HCO; & i
NTIED DTz,

3. PUV I ZARFHIABREICL B HK

BEFFES0GI, TREFFIC/ETEL, LY

FHR score

W
[=}

o

N
o
0 N T N Y Y Y IO

" - s » -
T T T T T TP ™ v X

o

10 15 20 25
Y=-0.25X+9.47 ( r=-0,18 )
K7 FEEIRID Po, XD &#HHETS5 ~15%0 FHR
score (Y) DB (@ixt v v V275 A RIFH,
Ol Vv F7 35 ARERD

30 Po,(mmHg)

FHR score
Y
30

X
Pco, (mmHg)

30 40 50 60 70
Y=0.20X - 4.34 ( r=0.26)

X8 MWEIRIMPco, (XD &#EHAT5~155 0
FHR score (Y) & DB (@iXtv v K275 AR
HE, OlRbv v K77 AREED

HERmREEIE 95

N2 7 A BIFROKRBIRMEEEDFHEL,
pH 7.324, BE —3.41mEq/1, HCO3 22.35mEq/1,
Po, 19.67mmHg, Pco, 44.15mmHg THo7z,
—J, rv vt T AARNERIXPH 7.255 BE
—6.01lmEq/l, HCO3; 21.00mEq/l, Po, 17.95
mmHg, Pco, 48.90mmHg TH b, BHFEHOLKF
¥ fE & B~ pH (p<0.001), BE (p<0.001),
HCO3 (p<0.005), Po, (p<0.05) BHRERES,
Pco, (p<0.005) IXEBLEH O (FE4).

PUV RS ARIFEEEARBICES T SRS
Wk ifn & 18 ER D IEF AE & R AE D AEGIR 2 BT %
CERIVGHMELREEYREBELTASL L,
BE, BRE LD Po,¥BRERBRIFTHOIGES).
B, pHEBER X £ W S BUE 2872.7%
(8/11), 76.5%(13/17), ¥eREEM379.4%(77/9D),
83.5% (76/91) TH v B\ MEX R LK, Fi, b
Vv K7 T A BIFESOFI, BRI A& A
EEEZRLUCESZ, pH 7741096.3%), BE 76
#l (95.0%), HCO3 7461 (92.5%), Po, 6741
(83.8%), Pco, 75%1 (93.8%) THbH, LA L
DIEFIMIEH OB HEIRMAT RELEL T, —
Hrvv F7 7 s REHOBE, BEELYRLI
FEAIE, pH 84 (28.6%), BE 13#1 (46.4%),
HCO3 10%1 (35.7%), Po, 6 % (21.4%), Pco,
IBI(32.1%)THYH, BIFFFLHET S L Po,%
BREFE (p<0.0) RFEILIHDOT,

% S

FRIEOHBROEEFITB L T, 1l L,
Hammacher et al.'® Krebs et al.'®7 & 23845 L
TE D, FBERMIM pHYR, HHE% DR

£4 PLr VvV S5 LRFR (hormal) & RARH
(ominous) o FEH BNk 1 & F5HE D F I (E

trendgram normal ominous
number of cases 80 28

pH 7.324 7.255%**

BE (mEq/1) —3.41+1.78 —6.01%= 3.02%**

HCO; (mEq/1) 22.35+1.98 21.00x 2.36**

Po; (mmHg) 19.67+4.28 17.95+ 4.29*

Pco; (mmHg) 44.15£7.04 48.90£10.01**
mean=+SD

*»<0.05 **p<0.005 ***p<0.001
normal group vs ominous group
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#5 bUV Y S 7 ARFR (normal), REF (ominous) i X % IR BYIR 1% R D
REE R FHT 2 SHEE (sensitivity) & 5 R E (specificity)

pH 7.25< 7.25> BE (mEq/l) —6.0< —6.0>
normal 77 3 normal 76 4
ominous 20 8 ominous 15 13
sensitivity=72.7% sensitivity =76.5%
specificity =79.4% specificity =83.5%
p<0.01 p<0.01
HCO; (mEq/1) 20.0< 20.0> Po; (mmHg) 15.0< 15.0>
normal 74 6 normal 67 13
ominous 18 10 ominous 22 6
sensitivity =62.5% sensitivity =31.6%
specificity =80.4% specificity =75.3%
p<0.01 N.S.
Pco; (mmHg) 55.0> 55.0<
normal 75 5
ominous 19 9
sensitivity =64.3%
specificity =79.8%
p<0.01

pH L OB#EM BT R T T Ek, %
fcavea—22FALCEBREEREECHE
LT%, Yeh et al?® Krause et al' %LU 5%

COMBFBUNRB B0, r vV FZ7 5 AT 5
B s, ABrgecit, EENRBRIEOHEM®
FrofEEr, AHOLHEHRR =27 &[RRI
R, FREBIRILATR L OBEYEH L.

1. FRIERFEFEE, OHBER 2 7125w T

I, RIEBEZHEHEELYHA VTS
T & o BT R L R EIIRINAT R & OB %
BE L, RESFEHRER LR = 7 L FHE)
fRifl BE, HCO; & O EE BN B o7 &
wmAFz, KPFFETE, BRIERFEREC L > T4H
o LB BIR M- Fe BE 0 P HfE & FeBORET L
7273, pH, BE, HCO31%, BSR{FERE D L-Hic
HVCEBETTaERmE B0, BRIBKIERE
i, BELHEROEENRATHE & V5 & &2
T ¥, FEEIRI pH, BE, HCO; DE % bz X
LT3 EBbhi,

Beguin et al.2i¥, 2 v ¥ 2 — & T—BMERIRE
BlEZ KD, TOEEMITRER LRERMEN pH
GAEBET % LB, Db, HTERMEOR
TRER80~140M I iE & B —BERIREEE O %

MA205 D &5HE & pH & DHBERBRKTH
D, r=—0.453TH ot L\ 5, KFEO LI A
a2 7 LR BRI AR EE O o AHBS BE 4 % kgt
T, BHEEIRODpH BN 5 ~154H (r=
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