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A Study for Predicting Toxemia of Pregnancy by the Diastolic
Notch in Pulsed Doppler Flow Velocity Waveforms of the
Uterine Arteries —Quantitative Analysis of the
Diastolic Notch as Uterine Arterial Index (UTAI)—

Hirokazu SATO
Department of Obstetrics and Gynecology, Akita University School of Medicine, Akita

BE HESRHEE T, FFE LK) EfcBV T, FEBIRMAEE R BT 3 LERYE
(notch) BUIE L IFBE I NS, Z T, notch L HHEEDRKE & OB 2T L (BRARKED, &
512, notch DFHHIDSFFIE DFIE FENI U THEHALEPIC DWW THE L7 (FIAHARE). Mmii®E
O, notch DB S X U notch 2 ERBAINCFHEI 3 2 7 D BB WWHEH A L - FEEIMRIELK
(UTAIL ; JERBR S MEEE /notch SRARMITEE) E AW TITo 7z, 2512, HBEOO RO
T 2 resistance index (RI) 7 & TN pulsatility index (PI) 122w T bR L 72,

1. BAHRAIERET © 1989FE 2 S5 1991FE DDA Y X 7 HiF1156] %2 & iE 1538l 28Rk e LT, FE
kB & CHRIRO MFLERERFEHE 2 1T Lz, 15360 5 b BRI EE &£ 28 S L7z DIX194)T
Holz, HiR24~27TH (n=20) B X PFIR32~358 (n=48) IcBWT, FHENR PLE, hHERE
BECIRIERERCHELERECEET 0<0.058 L U p<0.05), 52, notch 2D LFETIIFE O LW
B, EECBCRBEREREZR UL (p<0.0058 X 0 p<0.0005). BAYROIMETHEFFHET
REERE, FREHMCEEEZELZRADroT,

2. BUATHAIRRET © 19914E 5 51993 DM SRR 2 %32 U I m38THl 2 xR & U T, #HiR16~23
BB s UTALI B L OFEEARRI & PIOFHEI 21TV, HBEFREICH T 2 FENC DWW TRET Lz,
DR, BRBRAEENC BT 5 sensitivity (%) & specificity (%) 1 UTAIL RI, Pl DJEIc#hFh,
70.6, 75.0, 81.38 L Uf82.0, 67.4, 71.9TH D, UTAIRZ RIBL U Pl Lt HAFDOKETWTI H9I8Y%
PLEDEW negative predictive value Z7x L7z, U#s L, positive predictive value & efficiency &
UTAI BMENT Wiz (17.6% 8B & 1U81.4%).

FEEIROIGGER notch 2 E &L L 72 UTAI OF#EIE, HIR16~23E & v 5 BEIIC B 1) 5 RHEEFE
FRICH L TEREFZ oI,

Synopsis To investigate the ability of measurement of the diastolic notch in Doppler flow
velocimetry to predict development of toxemia of pregnancy, analysis of uteroplacental and fetal
blood flow waveforms was performed. The waveforms were analyzed by calculating the resistance
index (RI) and the pulsatility index (PI) and were investigated whether diastolic notches existed or
not. In the prospective study, the uterine arterial index (UTAI ; an index introduced to evaluate the
degree of diastolic notch quantitatively) was also calculated.

Retrospective study : The waveforms in the uterine arteries, the umbilical artery and the fetal
vessels (inferior vena cava, descending aorta and middle cerebral artery) were measured in 153
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pregnant women.

HERFHE4TE105

Prospective study : Uterine artery velocimetry was performed at 16—23 weeks’ gestation in 387

pregnant women.

Result 1: Subjects with a diastolic notch had significantly higher rates of development of toxemia
of pregnancy. Indexes of the fetal blood flow waveforms had no significant correlations with the

development of toxemia of pregnancy.

Result 2: UTAI showed an equivalently high negative predictive value (98.19%) and higher
positive predictive value (17.6%) than RI (98.29%, 10.29 respectively) and PI (98.7%, 12.7%

respectively).

Conclusion : UTAI measurement was more useful for predicting toxemia of pregnancy than RI or

PL

Key words: Toxemia of pregnancy « Pulsed Doppler flow velocity waveform « Uterine artery *
Diastolic notch * Uterine arterial index

b =

HIREEE (AT, HEE M) IRERD
G - BRPKEETH Y, HBEOTFHE FHir» K
VEELERO—DLEFEZ OGNS, HEEORE
FHIBECBEL TRERXROFEIREINL TV
0008, oD% L IFHIERBRHOFHMETD
D, FHHOBS» 5 BWRKIHTOTFHINE LN S,
—77, FRFBERERFIOF = BIR O MFTHE I I &
W IR R IO R EYINE (notch) 28 LI LIXEE
»ond I S, notch & PEAE ORI AHE S
B ATREMERR, & 51T, notch % AFEDFKIE FHID
BIEE UCHIETCE 2TREESEZ NS,

R 77 & 2 RHBEDOFIE FHIC DV T,
&+ 12 resistance index (RI) B X U pulsatility
index (PI) 2t LU THRE SN T E 2D, £0D
BRBEC OB TIE—EDOFHMIE A S5 LT,
%95 Lz, Thaler et al.?1319924£1Z, notch
Bt clkbatE o LIVRAMESE R ICE <
HERFENTRETH-o 7 L& L, notch DE
FEREREL Cnb, —F, HEBESEIRI6GER]
oI EIRDEBHE I (physiologic
change) DR SIHEE S Z EWBFES I T
&TBY, notch L HHEHELRH 5 & Thid
HIERHA S HEERED oA A[gEE D EZ 6
%,

Z ZTEESX, TEHIRS L UREIR O MF®
B O & N2 notch DB EDOBHE 21T
Vv, HEE L OB OWTRE L (B
e, %72, IRFHID notch OFHENIC X %, H

FBIEORETHCNKT 2HAMEC DWW THRET L
(BT HRAEIRRED) .
MRFAE

1. ®AHRRRRES

19894 2 B2 51991108 O YR TEEH L
7z, FEWNRREFEEELE (IUGR) (6741), HEHE
(1661), MR (1261), % OfhECRZERER
EDOEHREZH T 21 2001, BX UEHHER
bzl (3841) DFF1SFIENRE L7z, ¥
TR K B MFERE A 21T, PEER
it & ORI DWW TR AHEANICERS L7z, #RElo
ReEAI, TIR16~198 (n=20), 20~23;8 (n=28),
24~27H (n=20), 28~31:8 (n=37), 32~354&
(n=48) DOFFE & Lz, FHEERA X AESEFEER
(UtA), BEFEIk (UA), BRIETITREINR (Ao),
fe R KEEIIR (MCA), BRI TRENR IVC) &
L7z, UA, Aop MCATIZRIEPI%Z (AT
UA-RI, UA-PI 2 ELRT), ULATIEZh s
notch D H &% il 2, % 7z, IVC T i reverse
index (IVC-R) 5 & UTHKRET L7z, HHFEED
2 i BRERIRARIF S (1985) OEEE IRV,
Gestosis Index (GI) 2 ZLlAEDdbDE L, B
TEYFRE DREFNI MR 2 SERAFL 7z,

[T 3738 B e S 51 1% Aloka Color Doppler
SSD-870% M L, HuLEEE3.5MHz @ probe
% F vy, high pass filter 2100Hz, sample volume
Z5mm ICEE L7z, FEERMECEL T,
Color flow mapping I X > THEBEIR & O
XERUTEE O MFE % FHE BRI & U CHRIE L7z,
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K1wrd &L, BonmiEERED 5N
AR S IR E (A), RASEIMAEE (B),
SEEYMPRHEE (mean) 2L, RIBLUPL %
HH U7z, HIE R TFEIE B & URREIS G R
BREEN % & N LRI T 72,

2. HIARAIRRE

BRI > & P EERAE & FEEIRIMIET
HIfE B X U notch ODHFTE & ORI EEOHBE
HDHIENRENT, 2T, WRBEHCBIT 3
HEERETHNL2EHNC, P77 EBCLsFEH
AR D M ek B 3 et % IR 16~ 232 T\, 1
IROERIR 2 J AHRENCHRET L7z, RIE, 19914

1057

12A 5 519934 4 A O 4RI k%222 L iF
Em387THI (WIER183%, RRER2045]) THD, Z
D 2 BABNC D TITEIRIART S, kit L s
HERA LT LS., PHEOEEB LV
R 77 EDORIESREIBAHRNRE L EE L L
7z, £ 7234 1%, notch 2 FEBNZFHE T 2 7201
PR S MR B (C) /notch HR R A Il it 28 B
D) zHEHL THERMAL, ThE2HECTFEEHR
¥8#( (Uterine Arterial Index, UTAI) & {RFRL
THwz (K1), 20K, BEEBELZ v,
et a@E o (LUT, BEBE) »EEEs8T
HBEEER LT, BB FERRIEICNEL,

AR 32wed

(40w2d Tsp-d. B 1x3,070g)

FEBR (EF)

A-
AB = Resistance Index (RI)

A-B

hean Pulsatility Index (PI)

IHRTPEIE  35w0d

(38w3dR4IC/S. 18132,504¢)

TEER (EF)

% = Uterine Arterial Index (UTAI)

K1 FEERERELE Index
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e BB 855613 UTAI X RI B X U PI
DINE O FT2RREERA & LTz,

BB BB AT 12 13 x? test X 13X Fisher’s exact
probability 3 X tF Student’s t-test & i\, p<
0.052FEAKEL LT,

LSS -

1. BAHAMET

IR BRI & index O & HHEBE O FEFRIE
B (n=134) MR (n=19) & &40 TR

SRTRERYIRIC & % SRR P ARE O FRE TN

HEREE4TE105

BT U 7. HEIR24~2T:87% & N IEIR32~35:B 12 B
WTUtA-PIECTHEMICBEEZE (p<0.05,

Student’s t-test) Z§EoH7z. —7F, BBED UA,

IVC, Ao, MCA BZHHHICEEEZEZRDLd» o
7z (21). notch OB & hHEERE T 2K
T, HIR4A~2TE B X U IR32~358 T
notch DL TIZ, IhERELLBVEICHR
LTERCEOVHEEREHE 2R L (<
0.0058 & Uf p<0.0005, Fisher’s exact probabil-

#£1 WRTBEEREOEEELEZ T A—FDHE
Rt. UtA- Lt. UtA- UA- Ao- MCA-
Toxemia - IY(E/:')R
RI PI. RI Pl Rl  PI J RI PI Rl  PI
(=) n=17 0.62 1.21 064 1.23 082 1.54 41.4 038 2.05 0.8 1.79
W6wod~19w6d s 065 1.3 0.67 1.33  0.80 1.54 455 0.8  2.09 079 1.74
dowodgiwgq () P72l 056 098 0.61 1.07 076 132 340 088 212 0.8 1.8
i (+) n=7 0.59 1.05  0.60 1.05 0.78 1.38 348 0.8 2.19 0.83 1.9
(=) n=14 054 0.8~ 0.5¢ 0094 076 1.30 27.0 0.8 2.02 0.87 2.13
2awld~2Tw6d )6 056 0,95] 0.56_ 0.87  0.77 1.33 32.5 0.87 1.93 0.85  2.02
sewodaiwgg () M= 049 077 0.53 0.8 069 110 30.3 088 226 086 2.1
b s (4) n=7 050 0.79 054 0.8  0.70 1.16 31.6 0.87 2.24 0.83 2.15
) (—) n=39 0.48 0.764 0.52 0.8 0.66 1.02 26.9 0.8 2.24 0.8 2.11
2wod~35wed Ly g 0.9 0.88] 0.54 0.94] 0.67 1.07 27.8 0.8 2.20 0.8  2.00
Toxemia—+ (total ; n=19) IR RIEL-b D2 & A, EHEEHRA &N, * 1 p<0.05(Student’s t-test)
(%)
100+
e p<0.0005
p<0.005
3 %
jﬁ‘z 75 4 / %
: . /
£ 504 g /
=) 7 ;E;E% %
D 5513/ E:}:%
7R / ::}:/ % 7 ;:;:/
# 25 / / ;:;:% ;:;:/ ;:;:%
s % | % % % %
o ___% ) Y it We=i
n=35 n=6 n=9 n=10 n=8 n=10 n=9 n=7 n=4 n=20n= 11n—6 n=24 n=18 n=6
16w0d~19w6d  20w0d~23w6d  24w0d~27w6d 28wOd~31w6d  32wOd~35w6d
I : notchz oW o
3 nowchz AEVTAPIED L D
- notch % Ml I8 % b D

B2 notch OFHE & EIRPEHEFIE DB
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ity, X 2).

2. BUAHRAORGEY

EIR16~23B T K 77 ki & 5 FEBIIRIMTET
& HEFT U 72387610 > b, TR DR HER S h
723816z DWW THRET U 72, hEENFE L7z DIk
WIEERR136, RRPERE 4 FIOFHTH (4.5%) TH-
7z. Gl 3 ¥IE#FT3.3+1.9 (mean+S.D.) &, &
ERTII3.2-1.8ETHEBRCEZRASNE o
7. EW, OiBE, RoHAERER, THEED
REHTZE N ZFN26.6+13.45%, 37.9£2.61,
2,752.0+588.4g T, FEREHTIIFKICZNZE
128.7+3.95%, 39.3+3.0:H, 3,050.2+424.3g T

2.0 p<0.05
p<0.05
5
E 1.0 4 p<0.05
0
UtA-RI UtA-PI UTAI

[ Resmdmm HLARRh s R B

3 iR (16~23) i S ERPHEDIE
FERERE & FERF O IRBBITFEBIRD /ST A -5

23 1059

HY, WMEEHEICIIEREZ (2 p<0.05 p<
0.05, p<0.01)»’A SNz, BERATFEEIROS
index fHIZ DWW, PHEFRER & IEREHZ I
T35 &, UARIB XU UtAPLIZZ h Fh
0.67%0.15,0.60+0.163 X *1.32+0.41,1.07+
0.46 L, FREMTEHRIW p<0.05)SHETH > 7.
7z, UTAL BZFEFERED1.05+0. 12125 UFIE
BTiR1.1420.21BEK (p<0.05) BfEZRL
72 (3)., wHEEOEERICEL T, UtARL B
O UTAL & Gl OMICEEDOIEOHENED &
niz(4), #OED S, cutoff iz UtA-RI
70.60, UtA-PI T1.20, UTAI TiZ1.10& B E
L, BREM] & st 431 C index {8 & thEESE

£2 MBAERAL S AT X5 X =5 LERPEE
DFAE & DR

EIRPEEFIEERN D/ $F A —5

cer UtARI | UtA-PI UTAI

RIRERAL  (2060)  (21.20)  (21.10)
 BEE  p<0.05 p<0.05 p<0.05
16258 i NS NS NS
L B NS NS NS
2B i NS NS NS
g EEE NS NS NS
pofiil] NS p<0.05 NS

NS : not significant (Student’s t-test)
Feal - Rl EEIAR A - RRdg Bl T E EIAR

UtA-RI UtA-PI UTAI
1.0 y=0.034x + 0.556 2.5 1 2.5 y=0.086x + 0.874
(r=0.693, p=0.0086) (r=0.656, p=0.014)
o O
P 2.04 2.0
IR Y O
o .
0.60 --_;::"g-% """"""""" 1.51 B 1.5 5
. e o)
0.5- 0 Q--
1.20F----- I - O . T L
= H rL1ok----- '@,.’. 21O Q...
1.0 0 101..--® 0 O
0.5 1 0.5
0 . r y ) 0 0
0 2 4 6 8 0 4 6 8 0 2 4 6 8
GI GI GI

4 FRBATFEHFIROE ST A — LIERPBEOEER & ORR
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16~23:8 24~31:8 32:E~ WHERFHEE (N)
@ n=4 2
© n=8 < o
n=4 2
® n=18
@ n=1 0
© n=10 <
Total © n=9 3
n=40 @ n=1 0
@ n=1 < o
n=0 0
O n=22
@ n=0 0
© n=21 <
@: UTAIZ1.10 © n=21 0
O : UTAIKL 1.10
5 UTAI Q¥R L TR R EIE D FHE
£33 HIRI6~23JFEO-FEEIRMFTIEI 2 & 5 ERFBERE FHIE
e i positive negative .
Index n SEI’I?}}OI)V ity spe(cg/ﬁ;:lty predicEiO/\(IS value predictio\ze value eﬂﬁg:g/;e;lcy
UtA-RI 341 75.0 67.4 10.2 98.2 70.7
UtA-PI 333 81.3 71.9 12.7 98.7 72.4
UTAI 328 70.6 82.0 17.6 98.1 81.4

ORI DOWTRET LTz, Z OFER, TIR16~23
BEORBBEID UtA-RI, UtA-PI, UTAIL, B X U4
IR32ELIEDOXHEID UtA-Pl THEAERERE & JF
FIEFHOMICEEZ (p<0.05) @O SN (F
2). Rz, F7Z&Ex/ME L CTHEfT L 724060 >
WT, UTAI OFRFBIC & 28I D w» CRET
L7z, HEED 7 FIZ#EIR16~23:8 12 UTAIz
L.I0T o718l D 5 FEE L TB D,
UTAI<1.10T®H o 722202 & 13 R EHE D FIE 13
AoNEhoT: (5).

Riz, HIR16~23:812 817 5 BEHOF=ZHIK
MP7 index 12 & 2 FHEEFME FHIZEIZ DWW TR
Bf L7z, cut off f % Z 1% L UtA-RI T0.60,
UtA-PI T1.20, UTAI CT1.10& L7235&, 2o
1398.1~98.7% D E V> negative predictive value
%71 L, positive predictive value iZ=F D% » T
 UTAL 28 b &EfE (17.6%) 2RL7z. %7z,
screening test & L T D% (efficiency) T b
UTAI XEfETH -7 (R3).

z =
FEER L U IUGR OFIEFRICK T 5 K7

TR & B FEEBIRMEAT OB AL, 19834F0D
Campbell et al. >OEREICIAE 5. 5 O1X19864F
i, EIRI6~18E I BT 2 FESRENK RI 2%
fEIC & 2 H30E, IUGR, RIEREE2EHLE - EYE
4R O FAE T AW B U T, sensitivity 68%,
specificity 69%, positive predictive value 42%,
negative predictive value 87% L #j& 1L T 5,
Z D%, Bewley et al"iZAEDFH Rl Iz X 2
¥ E FEE F AW D W T, sensitivity 25%,
specificity 95% & & L T %, Thaler et al.®
i, notch OFENTE & CHEIE & OFEHICOWT
WBERET L Twis w23, notch O EEDE IMNE,
IUGR L o IR TR U C RIEM LY &
W L 2 5 L& L TWw b, SEF % 13, notch
DFEE (FE) WEFIL->TEELETHY,
BEZTCLA2RE TR EEZ, 1T
notch # UTAI L LTEEILL /2., ZDHEE,
UTAI & GI ok A 54, »> UTAL
FEEDFIEFHIWC X LT RIS PL & FE» %
N LCERTHA Z EBBHLL ST,

Z 2T, FEEIRMEEE OZL%E KT BRI
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onset of contraction

peak of contraction

DWTHEET S, EFHRCASNS T X VEIR
@ physiologic change®?3, HEiE® IUGR OfE
FlO—ERTEBO 5NTY, £z, ZD L S BEH
TRFEEIRD S/D . (DERA M5t B /9L 5R 3
MFEHEDOLL) PERICEWOZ LMo TY
L, LTeoTRIRPIEHEE S —HEL
T, physiologic change % /K &% 7= e 1EBEH
BRI L EBFE 2 55, —7, notch 1
KEIRF OFFSEIC—B LU R ic A o 2 DFAE
WX KEIRFFDEEE T 5 £ F 2 o5 032, Mm%
WL TZEDRBEREILBRVELZ>TWS, T8
%, notch FIEEFRF O FEEIRE F D, % < DEH)
IRiCBOTEERD 5508, - g - Bligx
CIROBE 2 FBERE T, WIRFFOFE#K
E JEL D notch % &K < » notch @ HIZ 7z 7%\ I
WM E RS, £/, EMINEER CIIINEER
@ notch DIEEVEHHECHD LN T WD, i
77, BEH &N, EIRERIC T E BIAR O NI B X
VHEOMBIBE LU THwE I EERB LTV S,

U7zd8> T, IEEFERICBWTED 55 notch
DOFERIFMER DR B L CTEREIIOBA I 1E
5 MPEDHER, 726 CIIEZ D b O DOREER L
ZlhickseEzond, —hH, BLOSBHEFD

diminishing contraction

6 FEEIRMKEREOTENEC L 2%t

FEEBIRMBOBHE TIX, BERIEFIOEAICX S
EEzZ o5 RI®PIOLEREIFED 2D, notch
DOHIRERFED o (®6), BlEXDHFEL
i, notch OiHKAF41Z physiologic change MK
I FE S EREFLOWH 2D A% 53, MEK
Th DB OE LB L CINE OBEEZLORE
EEHDRKBRLTOWEDTRZVWLEFEZTED,
HEECBT 52 FE - FBRBERERD I IRBRL
TVREDTIERVWPEEZ TS, KR L 5K
& T negative predictive value 23f& & T E W D
W BB U T positive predictive value #MEw 2 &
i¥, physiologic change RGBT £ & O IMEHE
KEACOBIEL T BPINEET 2AlEEMEP, 2
Vo e FERBERAR2ICN L T, ERcHEH
FE O FAE & FH1E 3 2 R F B AUERC BT 3 1]
BEMEXHZ D ERDbNS,

S, R BBFHEAZET D S notch & i
FEFE & OB h 2 Z L 2R LT, 22
T, notch % UTAI & L TE&EILL, HIR16~23
BTHIARBCHRET Lz, Z0FR, UTAL 0F
HNIHEERFEO T LT, RERFEINT
w3 RI % Pl kA% D negative predictive value
&, £ D EW positive predictive value 72 & NI
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1062 PRERIAYIR I X % {RR TP EHE D FHE T 41 HERSE475105
FHIZHR 2R LT, 7. Bewley S, Cooper D, Campbell S. Doppler

investigation of utero-placental blood flow
resistence in the second trimester : a screening
study for pre-eclampsia and intra-uterine
growth retardation. Br J Obstet Gynecol 1991 ;
98: 871—879

8. Brosens I, Robertson WB, Dixon HG. The
physiological response of the vessels of the
placental bed to normal pregnancy. J Pathol

notch 3R EHICb» D LT L, ZDFH
(UTAD) B3 2RMIE— A 3 LIREEETH
%, PAE XY, UTAI OFEIEHEFERE FHAD
FHBREN A7) —= TR LTEREEZD
n, R, EROKES % EHD 5 EEGEERAT
LZEWREIREVWERDN,

X B
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ment of utero-placental blood flow: Early
screening test for high-risk pregnancies. Obstet
Gynecol 1986 ; 68 : 649—653

Bacteriol 1967 ; 93 : 569—579
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