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BSTRACT

The objectives of this study were to characterize spiral
artery flow velocity waveforms in normal pregnancies and
pregnancies complicated by pregnancy-induced hyper-
tension and/or intrauterine growth retardation, and to
examine the diagnostic potential for predicting adverse
perinatal outcomes in complicated pregnancies compared
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In this cross-sectional study, 160 normal and 43 complz—
cated pregnancies were assessed by color and pulsed
Doppler during 18-41 weeks of gestation. Flow velocity
waveforms were obtained from the spiral, uterine and fetal
umbilical arteries.

In normal pregnancies, the resistance index of spiral
artery flow velocity waveforms decreased significantly with
advancing gestation (r = —0.256, p < 0.001). In abnormal

preonancies comblicated bv hreonancy- induced byberten-
pregurancies cOompicdred 0y pregnaniy-tngucea nyperien

sion and/or intrauterine growth retardation, the incidence
of adverse perinatal outcome was significantly higher in
patients with abnormal spiral artery resistance indices than
in patients with normal spiral artery resistance indices
{p < 0.001). An abnorm ce index had
a better diagnostic accuracy for adverse perinatal outcome
(sensitivity 85.0%, specificity 91.3%, positive predictive
value 89.5%, negative predictive value 87.5%, accuracy
88.4%) when compared with the resistance index of
uterine and umbilical artery waveforms and presence of a
diastolic notch of the uterine artery waveform.

Color flow imaging facilitates the precise analysis of
spiral artery flow velocity waveforms and provides more
accurate information about the uteroplacental circulation
in the evaluation of placental function.
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INTRODUCTION

The introduction of Doppler ultrasonography has enabled
the non-invasive assessment of human placental circula-
tion. Many studies have reported increased impedance to
flow in the uterine artery in pregnancies complicated by
pregnancy-induced hypertension (PIH) and/or intrauterine
growth retardation (IUGR)'™*. Some groups have shown
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precede the clinical onset of these compllc.atlons5 ¥ How-
ever, some investigators have failed to find a significant
difference between normal and complicated pregnan-
cies*”!. Because of the technical limitations of conven-
tional continuous wave and pulsed wave Doppler, these
studies were restricted to the main uterine artery and its
arcuate branches.
The recent advent of color Doppler technology has pro-

vided further 1
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tion. This new technique has enabled us to study more
distal branches of the uterine artery, such as the radial and
spiral arteries, with high reproducibility!!. However, color
Doppler investigation of the spiral artery in the second and
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were (1) to establish a reference range for spiral artery
flow velocity waveforms in normal singleton pregnancies
at 18-41 weeks of gestation; (2) to characterize spiral
artery flow velocity waveforms in abnormal pregnancies
complicated by PIH and/or [UGR; and (3) to examine
the diagnostic powers for predicting adverse perinatal out-
comes in complicated pregnancies compared with uterine

and umbilical artery flow velocity waveforms.
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MATERIALS AND METHODS
Population

This cross-sectional study was conducted at Niigata Uni-
versity Hospital, from April 1992 to February 1994, after
approval was obtained from the Institutional Ethical Com-
mittee. The study population consisted of 160 normal and
43 complicated singleton pregnancies between 18 and 41
weeks of gestation. In all cases, gestational age was con-
firmed by first-trimester ultrasonographic measurement of

—rump length and/or bip

(,omphcated pregnancies con51st|=d of 17 with IUGR,
eight with PIH and 18 with both, which were examined
between 28 and 41 weeks of gestation. Of these 43, 20
(46.5%) had adverse perinatal outcomes. Perinatal out-
comes were defined as adverse when one of the following
perinatal complications was present: (1) Cesarean delivery
due to fetal distress; (2) 5-min Apgar score of <7; (3)
admission to neonatal intensive care unit; or (4) perinatal
death. The criteria of PIH and IUGR were as follows: PIH
— two recordings of diastolic blood pressure > 90 mmHg,
4 h apart, or one recording of = 110 mmHg at any stage
of pregnancy with or without proteinuria (proteinuria was
defined as a total protein excretion greater than
300 mg/24 h'*); TUGR - ultrasonographic estimation of
fetal weight and actual birth weight below the 10th cenule
of Japanese birth weight standard curves'®. Fetal distress
was diagnosed when antepartum or intrapartum fetal heart
rate tracing showed one of the following abnormal pat-
terns: loss of beat-to-beat variability; late decelerations;
repetitive severe variable decelerations; continuous brady-
cardia.

The other 160 cases werc unselected low-risk pregnan-
cies without any maternal and perinatal complications, and
they served as controls. The clinical characteristics of these
160 normal pregnancies and 43 complicated pregnancies
are presen ted in Table 1.
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spatial peak temporal average intensity was approximately
80 mW/cm?. The high-pass filter was set at 50 Hz and the

pulse repetition frequency ranged from 2 to 25 kHz, de-
pending on blood flow velocities.

Doppler recordings

After informed consent was obtained, ultrasonographic ex-
amination including color and pulsed Doppler velocimetry

was carried out in a quiet room with the patient in a
After routine fetal hlﬁmprrv and
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amniotic pocket measurement, flow velocity waveforms
were obtained from the uterine artery, spiral artery and
fetal umbilical artery. The uterine artery flow velocity
waveforms were sampled on each side of the ascending
uterine artery at the crossing point of the external iliac
artery in the lateral wall of the lower quadrant of the
uterus. A 3-mm pulsed Doppler gate was used for the
uterine artery and the angle between the Doppler beam and
the vessel was less than 45°.

Spiral artery flow velocity waveforms were obtained
from the color-coded highly vascular area just beneath the
placenta. When clear color flow imaging was obtained, a
1-mm pulsed Doppler gate was sited on these vessels. Spiral
artery flow velocity waveforms were sampled from three or
four different sites beneath the central part of the placenta,
at least 3 cm away from the placental margin, avoiding
insonation of ultrasonographically detectable pathological
lesions such as infarction or clarification. No angle correc-
tion was made for the spiral artery, because in these vessels
accurate determination of the angle of insonation is very
difficult. Umbilical artery flow velocity waveforms were
recorded from the free loop of the umbilical cord during
fetal apnea and rest.

All Doppler measurements were performed when
uterine contractions were absent. All ultrasonographic ex-
aminations including Doppler velocimetry were performed
by two of the authors (T.M. or N.S.) and they were not
aware of the detailed clinical condition of the patients. The
intraobserver coefficients of variation were determined by
examining three patients (ten measurements for each
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Table 1  Clinical characteristics of 160 normal pregnancies and 43 complicated pregnancies. Data are presented as the number of cases

(%) or mean + SD

Normal Complicated

pregnancies pregnancies Statistics

Maternal age (years) 30.3 + 4.5 30.3 + 4.9 NS

Primipara 81 (50.6%) 24 (55.8%) N§
Gestational age at delivery (weeks) 392 £ 12 352 + 34 P < 0.001
Birth weight (g 3199 + 363 1770 = 679 p <0.001
Vaginal delivery 148 (92.5%) 14 (32.6%) p < 0.001

normal 133 12 NS

operative 15 2 NS
Cesarean delivery 12(7.5%) 29 (67.4%) p < 0.001
due to fetal distress 0 17 p < 0.001

NS, not significant
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The interobserver variability was also determined by ex-

amining rl'w‘pP paﬂpnrc {ten m
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by two observers). There was no significant dlfference be-
tween the observers (Student’s #-test). For uterine and
umbilical artery flow velocity waveforms, the intraobserver
variations were within §%, and no significant differences
were found between the observers.

surements for each hqﬂpnr

Data analysis

-

forms were assessed by calculdtmg the resistance index
(RI = [peak systolic velocity — end-diastolic velocity]/peak
systolic velocity) with the use of a built-in analyzer. At each
examination, the RI was calculated over three consecutive
cardiac cycles and averaged. The averaged values of 3-4
different sites were used for spiral artery flow velocity
waveforms. As for the uterine artery flow velocity wave-
forms, the averaged Rl values of both the right and the left
were used for further analysis and the presence or absence
of a diastolic notch of the uterine artery flow velocity
waveforms was also noted.

Reference ranges of the spiral and uterine artery RI with
gestation were constructed from 160 normal pregnancies
with linear regression analysis. The previously reported
reference range was used for the umbiiical artery RI¥, A
Doppler value was defined as abnormal when the RI was
outside the appropriate reference range. When a

a diastolic
notch was present in either uterine artery, the test was
regarded as abnormal. The results of only the umbilical
artery Doppler studies were given to the managing obstetri-
cians. However, these Doppler data were not used for
clinical decision making. The 43 complicated pregnancies
were divided into two groups according to the last spiral
artery RL. The differences between groups were analyzed

Figure 1 Spiral artery flow velocity waveforms in normal preg-
nancy at 33 weeks of gestation with a high diastolic component
and spiky outline obtained from just beneath the placenta
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with the use of the % test {categorical data) or the Mann-
\Y/hn'rmv U test (continuous r‘arn\ A p-\_/gl_ug of < 0.05 was

considered to be statistically significant.

To assess the clinical potential of Doppler flow velo-
cimetry for predicting adverse perinatal outcome, the sensi-
tivity, specificity, positive predictive value, negative
predictive value and accuracy were calculated for each
Doppler variable (spiral, uterine and umbilical artery RI
and a diastolic notch of the uterine artery flow velocity
waveforms). As for the three continuous Doppler variables

{erniral uterine anr‘ ||m|’\|\|{‘q‘ arterv RI). receiver operatin
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characteristic curves were also constructed to examine the

aQ

diagnostic potential for predicting adverse perinatal out-
come in complicated pregnancies.

RESULTS

In all cases, spiral, uterine and umbilical artery flow velo-
city waveforms were successfully obtained by color flow
imaging. Figure 1 gives an example of spiral artery flow
velocity waveforms at 33 weeks of gestation, presenting
characteristic waveforms with a high diastolic component
and spiky outline profile. Figure 2 shows an abnormal
spiral artery flow velocity waveform in a complicated preg-
nancy at 33 weeks of gestation. The diastolic components
of the flow velocity waveforms were decreased and the RI
of the spiral artery flow velocity waveform was increased.

Figure 3 demonstrates the relarmnchm between the spi-
ral and uterine artery Rl in the total study population. Fhe
spiral artery RI showed a significant positive correlation
with the uterine artery RI (r = 0.598, p < 0.001).

In the 160 normal pregnancies, the spiral artery
RI decreased significantly with advancing gestation
(r=-0.256, p < 0.001). Figure 4 shows the regression line
with lower and upper 95% prediction intervals of the
spiral artery RI with gestation. Figure 5 demonstrates the
al ar ery RI of 43 rnmn]u(‘afpﬂ pregnancies nlnrred on

th
Spirdl arcery 181 061 405 complicated pregianclcs ploticc on

the eference range. Of the 43 pregnancies compllcated by

Figure 2 Spiral artery flow velocity waveforms in complicated
pregnancy at 33 weeks of gestation. The diastolic component of
flow velocity waveforms was decreased and resistance index of the
spiral artery was increased
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Figure 3 Relationship between the spiral artery resistance index
(RI) and uterine artery RI in the total population at 18—41 weeks
of gestation (1 = 203, r = 0.598, p < 0.001). Open circles, normal
pregnancies; filled circles, pregnancy-induced hypertension and/or
intrauterine growth retardation
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Figure 4 The regression line with lower and upper 95% predic-
tion intervals of the spiral artery resistance index (RI) in normal
pregnancies at 18—41 weeks of gestation (n =160, r=-0.256,
p < 0.001)

PIH and/or IUGR, 19 had abnormal (group A) and 24 had
normal spiral artery RI (group B).

Table 2 shows the clinical characteristics and perinatal
outcomes in the 43 complicated pregnancies classified ac-
cording to the last spiral artery RI. There were no differ-
ences in maternal age, parity and duration from the last
Doppler recording to delivery between the groups. Signifi-
cant differences were found with regard to gestational age
at delivery and birth weight. The total incidence of small-
for-gestational-age (SGA) infants (< 10th centile) and PIH
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Figure § Spiral artery resistance index (RI) values of pregnancy-
induced hypertension and/or intrauterine growth retardation
plotted on the reference range. Filled circles, adverse perinatal
outcome; open circles, good outcome

(with or without proteinuria) did not differ between the
groups. However, the incidence of SGA infants below the
5th centile and PIH with proteinuria was significantly
higher in group A than in group B. The prevalence of
abnormal uterine and umbilical artery RI and a diastolic
notch on the uterine artery flow velocity waveform was
also much higher in group A. There were five cases of
absent or reversed end-diastolic velocity of the umbilical
artery flow velocity waveform in the 43 complicated preg-
nancies (three absent end-diastolic velocity and two
reversed end-diastolic velocity). All had an abnormal
uterine artery RI with a diastolic notch, and were observed
only in group A. The incidence of adverse perinatal out-
come in group A was significantly higher than in group B.

Comparative statistics for each Doppler variable are
shown in Table 3. Compared with the uterine and umbili-
cal artery RI and presence of a diastolic notch of the uterine
artery flow velocity waveform, the spiral artery RI had the
best diagnostic accuracy for adverse perinatal outcome
(sensitivity 85.0%, specificity 91.3%, positive predictive
value 89.5%), negative predictive value 87.5%, accuracy
88.4%). Figure 6 demonstrates the receiver operating char-
acteristic curve for different cut-off levels of three continu-
ous Doppler variables (spiral, uterine and umbilical artery
Rls) in prediction of adverse perinatal outcome. It shows
that the spiral artery RI was the best predictor for adverse
perinatal outcome.

DISCUSSION

Many Doppler studies of the uterine circulation have re-
vealed the potential of this technique to predict and man-
age high-risk pregnancies'””. However, waveforms have
been sampled from various branches of the uterine artery
by different methods, and the results have shown wide
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Table 2 Characteristics and outcomes of the complicated pregnancies divided according to the spiral artery resistance index (RI):
abnormal, group A; normal, group B. Data are presented as the number of cases (%) or mean + SD

Group A Group B
(n=19) (n=24) Statistics
Maternal age (years) 30.8 4.7 30.0+5.1 NS
Primipara 10 (52.6) 14 (56.0) NS
Gestational age at delivery (weeks) 333432 36.8+£2.8 p < 0.001
Birth weight (g) 1352 £ 562 2101 £ 580 p < 0.001
Doppler recording (days before delivery) 0.8+1.1 1.1+1.4 NS
SGA 17 (89.5) 18 (75.0) NS
below 5th centile 16 (84.2) 13 (54.2) p <0.05
PIH 13 (68.4) 13 (54.2) NS
with proteinuria 9(47.4) 3(12.5) p <0.05
Adverse perinatal outcome 17 (89.5) 3(12.5) P <0.001
Cesarean delivery due to fetal distress 14 (73.7) 3(12.5) p <0.001
perinatal death 0(0) 0 (0)
Abnormal uterine artery RI 14 (73.7) 6(25.0) P < 0.005
Diastolic notch on uterine artery waveform 18 (94.7) 6 (12.5) P < 0.001
Abnormal umbilical artery RI 11 (57.9) 3(12.5) P < 0.005
AREDV of umbilical artery 5 (26.3) 0(0) p <0.01

Uterine artery RI calculated from the average of right and left measurements. NS, not significant; SGA, small for gestational age; PIH,
pregnancy-induced hypertension; adverse perinatal outcome, Cesarean delivery due to fetal distress, 5-min Apgar score of < 7, admission
to neonatal intensive care unit, perinatal death; AREDV, absent or reversed end-diastolic velocity

Table 3 Clinical validity of Doppler flow velocimetry for pre-
dicting adverse perinatal outcomes in 43 complicated pregnancies.
Uterine artery resistance index (RI) was calculated from the aver-
age of right and left measurements

Spiral  Uterine Notch of Umbilical
artery artery  uterine  artery
RI RI artery RI
Sensitivity (%) 85.0 §0.0 90.0 65.0
Specificity (%) 91.3 82.6 73.9 95.7
Positive predictive 89.5 80.0 75.0 92.9
value (%)
Negative predictive 87.5 £2.6 89.5 75.9

value (%)

Accuracy (%) 88.4 §1.4 81.4 81.4

variations. When our data from normal pregnancies were
converted into systolic/diastolic ratio, the results showed a
lower mean and narrower confidence interval as compared
to the earlier study of Trudinger and Cook®, in which
uteroplacental bed arteries were investigated with continu-
ous wave Doppler. It is speculated that these differences
may have been caused by the technical limitations of the
continuous wave Doppler method, in which waveforms
were recorded from arcuate or radial arteries by a blind
technique. In this study, we were able to insonate spiral
arteries accurately at the site where these vessels directly
attach to the placenta with the aid of color flow imaging.
The current study demonstrated that spiral artery RI
decreases significantly with advancing gestation in the sec-
ond and the third trimesters of normal pregnancy. Our
previous study, conducted with transvaginal color Dop-
pler, revealed that spiral artery RI also decreases in the first
trimester of gestation®. These results support the histologi-
cal findings that trophoblastic invasion of the subplacental
spiral arteries begins early in the first trimester and con-
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Figure 6 Receiver operating characteristic curves for different
cut-off levels of three continuous Doppler variables in prediction
of adverse perinatal outcomes in 43 complicated pregnancies.
Numbers indicate each cut-off value in SD. RI, resistance index

tinues throughout gestation'®"”. In a normal pregnancy,
trophoblasts invade the muscular portions of the spiral
arteries in decidual and myometrial layers, and change
them into non-muscular, dilated vessels with poor contrac-
tility'®'®. This morphological change in the spiral arteries
converts the uterus into a low-resistance vascular organ
and causes dynamic changes in uteroplacental flow velocity
waveforms with advancing gestation. A significant linear
correlation between uterine and spiral artery RI is con-
sistent with these histological observations. It is suggested
that impedance to flow in the uterine artery depends on
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downstream impedance to flow in the spiral artery. It has
been well documented that the diastolic component of
uteroplacental flow velocity waveforms is decreased in the
pregnancies complicated by PIH or IUGR!*®, Histopatho-
logical investigations have revealed that trophoblastic inva-
sion is incomplete in such high-risk pregnancies'®*.

In our study group of pregnancies complicated by PIH
and/or IUGR, patients with abnormally high spiral artery
RIs had worse perinatal outcomes and a higher prevalence
of abnormal uterine and umbilical artery flow velocity
waveforms compared to those with normal indices. On the
other hand, adverse perinatal outcomes were found in only
three cases (12.5%) of the 24 complicated pregnancies with
normal spiral artery RIs. We also found that an abnormal
spiral artery RI accurately reflects the severity of PIH and
TUGR. These results suggest that spiral artery flow veloci-
metry may be useful for discriminating high-risk pregnan-
cies with poor outcomes from those with good outcomes.

Fleischer and co-workers? have reported that a diastolic
notch of the uterire artery flow velocity waveform usually
disappears by 26 weeks of gestation in normal pregnancies,
and its persistence beyond this point is an important pre-
dictor of adverse perinatal outcome. In our study of normal
pregnancies, the incidence of a diastolic notch was 40.7%
before and 6.9% after 26 weeks of gestation. Of the 43
complicated pregnancies, 24 (55.8%) had a diastolic notch
of either uterine artery flow velocity waveform (16 with
abnormal and eight with normal uterine artery RI). Ad-
verse perinatal outcomes were found in 18 (75.0%) of
these 24 pregnancies with a diastolic notch. The findings
that five (62.5%) of eight cases with normal uterine artery
RI and a diastolic notch had an abnormal spiral artery R1,
and that four (80.0%) of these five had adverse perinatal
outcomes, are remarkable. These findings are consistent
with the reports of Aristidou and associates?' and Bower
and colleagues™ that the presence of a diastolic notch of
uterine artery flow velocity waveform is a better predictor
of poor perinatal outcome or pre-eclampsia than the uter-
ine artery RI. These observations strongly suggest that a
diastolic notch of the uterine artery flow velocity waveform
in the third trimester reflects high vascular resistance in the
uteroplacental bed caused by incomplete trophoblastic in-
vasion of the spiral arteries.

Some investigators have shown that second-trimester
Doppler assessment of uterine artery flow velocity wave-
forms is a useful method of predicting high-risk pregnan-
cies complicated by PIH and/or IUGR’’. It is logical to
speculate that color Doppler assessment of spiral artery
flow velocity waveforms has the potential to predict such
high-risk pregnancies at an earlier stage of gestation com-
pared to uterine artery flow velocity waveforms. In fact,
our preliminary transvaginal color Doppler study demon-
strated that JUGR with adverse perinatal outcome was
combined with abnormal spiral artery RI in the first tri-
mester®. Early identification of high-risk obstetric cases
with uteroplacental vascular compromise would facilitate
earlier preventive interventions, such as low-dose aspirin
therapy.

Murakoshi et al.

In summary, abnormal spiral artery flow velocity wave-
forms reflect poor placental perfusion, and indicate that
placental function is impaired, leading to adverse perinatal
outcome. Color flow imaging enables precise analysis to be
made of spiral artery flow velocity waveforms and provides
more accurate information about uteroplacental cir-
culation in the evaluation of placental function. A large
prospective study in the mid-trimester before the onset
of complications would be necessary to confirm whether
measurement of spiral artery flow velocity waveforms
could be a useful predictor for the development of
pregnancy-induced hypertension and/or
growth retardation.

intrauterine
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