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Uterine Artery Doppler Velocimetry in the Prediction of Adverse
Obstetric Outcomes in Unexplained MSAFP Elevations
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— Abstract

Unexplained maternal serum-fetoprotein (MSAFP) elevation has been known to be associated with adverse obstetric
outcomes, however it is not sufficiently useful as a screening test. This study was undertaken to determine whether uterine
artery Doppler velocimetry could define a subset of patients with an elevated MSAFP level in whom complications of
pregnancy might develop. The subjects included 179 women between 26 and 28 weeks’ gestation with MSAFP 2= 2.5
multiples of the median, in whom either the presence of an early diastolic notch or a resistance index 0.6 was considered
as an abnormal Doppler velocimetry finding. Those subjects who displayed abnormal Doppler velocimetry findings showed
an increased incidence of preeclampsia, preterm birth, IUGR, and IUFD compared to those subjects with only elevated
MSAFP (p<0.05). No differences were observed in the incidence of LBW. Positive predictive values of adverse obstetric
~ outcomes were significantly higher in the group having both elevated MSAFP and abnormal Doppler velocimetry compared
to the group with only elevated MSAFP (p <0.05). Uterine artery Doppler velocimetry in the second trimester can improve
the value of unexplained MSAFP elevation in the prediction of adverse obstetric outcomes.
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INTRODUCTION

a-fetoprotein (AFP) is an oncofetal glycoprotein
produced by the fetus and high levels of maternal
serum @-fetoprotein (MSAFP) have been used as a

screening test for fetal abnormalities including neural

tube defects. Since the early 1980s, a link has been
noted between MSAFP elevations without any de-
tectable causes and adverse obstetric outcomes, in-
cluding preeclampsia, low birth weight (LBW, birth
weight <2500 gm), preterm birth (<37 weeks’ ges-
tation), intrauterine growth restriction (IUGR, birth
weight < 10® percentile), and intrauterine fetal death
(IUFD).1 However, MSAFP cannot be considered as
a screening test for the above-mentioned subsets of
adverse obstetric outcomes due to the low positive
predictive value.” There is evidence to suggest that
abnormal placentation is responsible for MSAFP
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elevations, and numerous reports have been published
suggesting that adverse obstetric outcomes with
raised MSAFP are limited to those with placental
pathology.l’M Evaluation of the fetal circulatory sys-
tem by Doppler ultrasonography has been utilized
since the 1980s and it is regarded as an acceptable
method in the evaluation of fetal well-being.” Park
et al. have reported the value of uterine artery
Doppler velocimetry in predicting preeclampsia or
IUGR, and particularly after 26 weeks’ gestation, an
increased resistance index (RI) or the presence of an
early diastolic notch was shown to be related to

. 6 .. .
adverse obstetric outcomes.” The objective of this

study was to evaluate the role of uterine artery
Doppler velocimetry in predicting adverse obstetric
outcomes for patients with unexplained MSAFP
elevations.

MATERIALS AND METHODS

From April 1995 through February 1999, 179
women were evaluated in the Department of Ob-
stetrics and Gynecology, Yonsei University College of
Medicine. MSAFP was measured between 16 and 18
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weeks’ gestation and adjustments for maternal factors
including weight, race, and diabetes were made. In
case of MSAFP elevations>2.5 multiples of the
median (MoM), the level was rechecked after a short
interval, and targeted ultrasonographic examination
was performed with ATL-UM9 HDI and ATL-HDI
3000 (Advanced Technology Laboratory, Bothell,
Washington, USA), confirming the gestational age,
the number of fetuses present, and anatomical mal-
formations such as neural tube defects. The group
with two consecutive levels of elevated MSAFP with-
out a detectable anomaly in ultrasonographic exa-
mination was closely followed up, and between 26—
28 weeks’ gestation uterine artery Doppler veloci-
metry was petformed. Each patient was examined in
a semirecumbent position after at least 10 minutes of
bed rest. The external iliac artery was visualized using
color Doppler and the uterine artery Doppler wave-
form was obtained by identifying the crossing of the
external iliac artery and the main uterine artery,
followed by placing the range gate over the entire
diameter of the uterine artery nearest to this site. The
quality of the Doppler velocimetry was maximized by
using the smallest possible angle of insonation and
accepting only those waveforms with a sharp and
definite outline (Fig. 1). An early diastolic notch was
defined as a V-shaped deflection toward the baseline
in early diastole, just after systolic flow but prior to
maximum diastolic flow (Fig. 2). Resistance index (RI)
was defined as (peak systolic frequency end diastolic
frequency)/peak systolic frequency. The maximum
systolic and minimum diastolic points were measured
directly from the waveform and the RI was cal-
culated. Abnormal uterine artery Doppler velocimetry
finding was defined as the presence of an early
diastolic notch or RI=0.6, since that was the upper
limit of the RI in a previously published study of
normal pregnancies.? The RI was measured inde-
pendently from the placental location, and the higher
value of the right and left uterine measurement was
used in the data analysis. As has become customary,
we chose not to quantitate or grade the notch.
Pregnancy outcome data were collected directly from
the medical records or by telephone if delivery oc-
curred outside our institution. Qutcome variables ex-
amined included the gestational age at delivety, mode
of delivery, Apgar scores, birth weight, occurrence of
preeclampsia, preterm birth, LBW, IUGR, or IUFD.
Only a single evaluation of Doppler velocimetry at
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Fig. 1. Normal uterine artery blood flow velocity waveform.
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Fig. 2. Abnormal uterine artery blood velocity waveform demonstrates
early diastolic notch.

the time of targeted ultrasonography was performed,
which reduced time, cost, patient’s inconvenience,
and noncompliance, which are important features of
a screening test.

This study was approved by the Institutional
Review Board of the Yonsei University College of
Medicine, and informed consent was obtained from
each patient. Results of the Doppler examinations
were not revealed to the clinicians controlling the
cases. For statistical analysis, Student t test, x2
analysis, and Fisher’s exact test were used. P value <
0.05 was considered statistically significant.

RESULTS

Of the

79 women studied with unexplained



The Value of Uterine Artery Doppler Velocimetry in Unexplained MSAFP Elevations 19

Table 1. Sensitivity and Specificity of Uterine Artery Doppler Velocimetry in Unexplained MSAFP Elevations

Preeclampsia Preterm Birth LBW IUGR IUFD
Sensitivity 88.5% 52.9% 70.0% 43.2% 100.0%
Specificity 88.9% 84.8% 83.6% 83.1% 78.5%

Abnormal Doppler Velocimetry: RI=0.6 or the presence of early diastolic notch.

Preterm birth: birth <37 weeks’ gestation.
LBW, low birth weight; birth weight <2500 gm.

IUGR, intrauterine growth restriction; birth welght<10 percentlle

IUFD, intrauterine fetal death.

Table 2. Positive Predictive Values of Adverse Obstetric Outcomes

Preeclampsia Preterm birth LBW IUGR IUFD
MSAFP elevation only 14.5% 19.0% 11.2% 20.7% 1.1%
MSAFP elevation & abnormal 57.50% 45.09%* 35.00* 40.0% 5.0%

doppler velocimetry

Abnormal Doppler Velocimetry: RI=0.6 or the presence of early diastolic notch.

* p<0.05.

MSAFP elevations, the mean maternal age was 29.3
+4.6 (SD) years, and the mean birth weight was
31201+249.1 (SD) gm. Abnormal Doppler veloci-
metry ﬁﬁdings occurred in 40 (22.3%), and of those
who had abnormal Doppler velocimetry findings, 36
(20.1%) displayed a uterine notch, and 28 (15.6%)
had RI=0.6, while 24 (13.4%) had both abnorma-
lities. No significant differences were found in the
maternal age, cesarean section rate, or level of
MSAFP, between the group with abnormal Doppler
velocimetry and the group without it. The patients
who showed abnormal Doppler velocimetry findings
revealed a high sensitivity for preeclampsia (88.5%),
preterm birth (52.9%), LBW (70.0%), IUGR (43.2%),
and IUFD (100.0%) (Table 1). The specificity of
abnormal Doppler velocimetry findings for pre-
eclampsia was 88.9%, preterm birth was 84.8%,
LBW was 83.6%, IUGR was 83.1%, and IUFD was
78.5% (Table 1). Positive predictive values of adverse
obstetric outcomes including preeclampsia, preterm
birth, and low birth weight, were significantly higher
in the group having elevated MSAFP and abnormal
Doppler velocimetry compared to the group with
only elevated MSAFP (p<0.05). The positive pre-
dictive value of each adverse obstetric outcome was
as follows: preeclampsia 57.5% vs. 14.5%, preterm

birth 45.0% vs. 19.0%, LBW 35.0% vs. 11.2%,
IUGR 40.0% vs. 20.7%, and IUFD 5.0% vs. 1.1%
(Table 2).

DISCUSSION

Measurement of MSAFP is an established screening
method for neural-tube defects.” The fetal liver is the
dominant source of AFP production throughout
pregnancy following the yolk sac involution by 11 to
12 weeks’ gestation, and direct transfer across the
placenta is considered to be one of the routes for
delivering AFP from the fetus to the mother.* The
faulty placental implantation implies a breakdown of
the normal placental barrier between the two cit-
culations with their 100,000-fold difference in AFP
concentrations, theoretically allowing leakage of AFP
into maternal circulation.* MSAFP elevation may be
an indirect reflection of early placental damage lead-
ing to third trimester placenta-related adverse ob-
stetric outcomes.” Early placental vascular lesions may
be detectable in the second trimester by Doppler
waveforms from the uteroplacental circulation.

Trophoblastic invasion of the decidual spiral ar-
teries occur at 5 to 6 weeks’ gestation.”'® There is
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no noticeable blood flow within the intervillous space
during most of the first trimester of a normal
pregnancy, and that protects the implantation of the
early gestation from the forces of arterial blood flow.”

The infiltration of trophoblasts along the spiral art-
eries of the myometrium occurs in the first trimester
and the disappearance of musculoelastic tissue in the
middle layer of these vessels is concomitantly found.”

As a result of these changes, intervillous perfusion
increases and vascular resistance of uteroplacental
circulation significantly decreases, resulting in the
increased diastolic blood flow.””"

Clinically, if the RI of the uterme artery after 26
weeks’ gestation exceeds 0.6 >95" percentile) or an
early diastolic notch exists, the sxtuatlon signifies
increased peripheral vascular resistance.”'’ Bower et
al. reported a uterine artery notch to be present in
16% of normal pregnancies between 18 and 22
weeks’ gestation, but it disappeared after 24 to 26
weeks’ gestation in normal pregnancy Therefore
persistent diastolic notch after 26 weeks’ gestation
along with increased RI can be considered abnormal.
According to Aristidou et al., in some pregnancies
with a normal outcome the abnormality in the uterine
Doppler velocimetry at 18 to 22 weeks disappeared
by 24 to 26 weeks, presumably because of delayed
but normal trophoblastic invasion and placental
maturation.”> Bower et al. demonstrated that by
including early diastolic notch in the category of
abnormal uterine artery Doppler velocimetry in add-
ition to RI, the sensitivity for predlctmg adverse
obstetric outcomes was 1mproved 4 This is why we
included only patients at 26 to 28 weeks’ gestation
at the time of Doppler velocimetry evaluation. All
other patients who displayed a notch earlier in their
gestation were discarded from this study.

The possibility that the pathology in the circulatory
system can be determined by Doppler velocimetry
suggests that the use of such waveforms may refine
the value of previously used tests such as MSAFP
level. Our study results have clearly demonstrated
that patients with both unexplained MSAFP ele-
vations and abnormal uterine artery Doppler veloci-
metry had an increased risk of having an adverse
obstetric outcome including preeclampsia, preterm
birth, LBW, IUGR, and IUFD compared to the
patients who had only unexplained MSAFP elevation.
Particularly the positive predictive values in the
categories of preeclampsia, preterm birth, and low

Yonsei Med J Vol. 41, No. 1, 2000

birthweight statistical significance were noted bet-
ween the group with only unexplained MSAFP ele-
vations and the group with both unexplained MSAFP
and abnormal Doppler velocimetry findings. The
study results are another reappraisal of the value of
Doppler velocimetry in the screening of adverse ob-
stetric outcomes in the group which needs increased
surveillance during pregnancy. Nevertheless, the use
of Doppler velocimetry in the general population as
a screening method warrants further study. A careful
consideration for additional surveillance and proper
counseling for patients with both unexplained MSAFP
elevations and abnormal uterine artery Doppler ve-
locimetry is warranted.
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