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ABSTRACT

Objective To determine the incidence of reversed end-
diastolic flow (REDF) in the umbilical artery in high-risk
first-trimester pregnancies and evaluate associated condi-
tions.

Methods This was a prospective evaluation of the umbil-
ical artery Doppler waveforms of 614 consecutive high-
risk pregnancies between 10 and 14 weeks of gestation,
to determine those with REDF. The associated anomalies
and characteristics of these fetuses were then investigated.

Results In 278/614 (45.3%) fetuses, there was positive
end-diastolic flow in the umbilical artery; in 331/614
(53.9%) end-diastolic flow was absent and in 5/614
(0.8%) there was REDF. Three of the five fetuses
with REDF had tetralogy of Fallot (TOF) with absent
pulmonary valve syndrome (APVS) and a patent ductus
arteriosus, and all three showed signs of cardiac failure,
with reversed blood flow in the ductus venosus during
atrial systole and generalized skin edema. Another fetus
had a large ventricular septal defect and the remaining
fetus had agenesis of the ductus venosus. Three fetuses
had trisomy 18 and one had trisomy 13.

Conclusions REDF in the umbilical artery is very rare
in early pregnancy and mostly occurs in association
with major fetal vascular anomalies and cardiac defects,
particularly TOF with APVS and patent arterial duct.
We propose that the patency of the arterial duct in TOF
with APVS leads to heart failure with subsequent demise
early in pregnancy. Therefore, the frequent absence of the
arterial duct observed in APVS in later pregnancy is more
likely to be a result of early selection than a prerequisite
for the development of this lesion as has been proposed
previously. Copyright © 2007 ISUOG. Published by John
Wiley & Sons, Ltd.

INTRODUCTION

Typically, Doppler flow velocity waveforms of the umbil-
ical artery in uncomplicated early pregnancies show
absent end-diastolic flow (AEDF) up to the 11th week
of gestation1. Between the 11th and 14th weeks, posi-
tive diastolic flow emerges and remains detectable from
then onwards1. Reversed end-diastolic flow (REDF) in
the umbilical artery in the first trimester is very rare
and previous reports have found a strong association
with chromosomal anomalies, fetal heart defects, early
onset growth restriction and an unfavorable prognosis in
affected fetuses2–9. Here, we report on five further cases
of REDF in the umbilical artery detected in first-trimester
pregnancies, and describe their associated anomalies.
Three of the five cases were associated with tetralogy
of Fallot (TOF) with absent pulmonary valve syndrome
(APVS) and a patent ductus arteriosus. This unusual com-
bination of APVS with patency of the arterial duct has, to
the best of our knowledge, never been reported in the first
trimester, and offers important new aspects to the ongoing
discussion on the pathogenesis of this rare heart defect.

METHODS

Over a 12-month period in a tertiary referral center, we
investigated prospectively the umbilical artery blood flow
in 614 consecutive high-risk pregnancies at 10–14 weeks
of gestation (calculated from maternal last menstrual
period and confirmed by sonographic fetal crown–rump
length (CRL)). Patients were referred either due to an
abnormal scan or because they were deemed to be high
risk for aneuploidies or other fetal anomalies. Of the 614
fetuses, 33 had an abnormal karyotype diagnosed in the
pre- or postnatal period (trisomy 21, n = 14; trisomy 18,
n = 7; monosomy X, n = 5; trisomy 13, n = 3; triploidy,
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n = 2; other, n = 2), and of these, 17 had cardiac defects
that were diagnosed in the pre- or postnatal period
(ventricular septal defect, n = 5; atrioventricular septal
defect, n = 4; TOF, n = 4; coarctation, n = 3; common
arterial trunk, n = 1). Five fetuses had cardiac defects
without associated aneuploidy (ventricular septal defect,
n = 2; atrioventricular septal defect, n = 2; coarctation,
n = 1).

Biparietal diameter, CRL and nuchal translucency
thickness (NT) were measured in each fetus. Increased NT
was defined as being > 95th percentile of the normal range
for CRL10. Echocardiography and Doppler sonography of
the umbilical artery and ductus venosus were performed
using transvaginal and transabdominal phased array
transducers (5.0 and 7.5 MHz) with color and pulsed
wave Doppler options (HDI 5000 ATL, Philips, Hamburg,
Germany). During pulsed wave Doppler measurement of
the umbilical artery blood flow, the angle of insonation
was near 0◦ or 180◦ and the high-pass filter setting was
low (100 Hz). In fetuses with AEDF, several consecutive
measurements were performed.

A diagnosis of TOF with APVS was made on
demonstration of a ventricular septal defect with
overriding aorta (Figure 1) as well as to-and-fro blood
flow over the pulmonary valve. We differentiated this
from severe pulmonary regurgitation in the presence
of a pulmonary valve by demonstrating relatively low
velocities of the regurgitant flow over the pulmonary
valve (Figure 2).

RESULTS

Of the 614 fetuses, 331 (53.9%) had AEDF, 278
(45.3%) had positive end-diastolic flow and five (0.8%)
had REDF in the umbilical artery (Table 1). All five
of the fetuses with REDF had NT > 95th percentile

Figure 1 Five-chamber view in a fetus with trisomy 18, tetralogy of
Fallot with absent pulmonary valve syndrome and patent ductus
arteriosus at 10 + 3 weeks’ gestation (Case 3). The anterior
malalignment of the conal septum with overriding aorta (A) is
demonstrated. Calipers mark the aortic value. LV, left ventricle;
RV, right ventricle; SP, spine; VS, ventricular septum.

Figure 2 Doppler examination of the pulmonary valve in a fetus
with trisomy 13, tetralogy of Fallot with absent pulmonary valve
syndrome and patent ductus arteriosus at 12+3 weeks’ gestation
(Case 4). To-and-fro blood flow is demonstrated during systole and
diastole, respectively. PULM, pulmonary.

(range, 2.6–12.0 mm) and generalized skin edema. Two
had additional hydrothoraces. Chromosomal analysis
revealed trisomy 18 in three of the five cases, trisomy
13 in one and a normal female karyotype in the other.
Fetal heart defects were diagnosed in the four trisomic
fetuses and the remaining fetus had agenesis of the ductus
venosus with liver bypass and drainage of the umbilical
venous blood flow directly into the inferior vena cava.

In two of the REDF fetuses with trisomy 18 and the
one with trisomy 13, TOF with APVS and patent ductus
arteriosus was diagnosed. These three fetuses showed
severe pulmonary insufficiency throughout diastole,
with to-and-fro flow in the pulmonary trunk, ductus
arteriosus (Figure 3a,b), descending aorta (Figure 4a),
middle cerebral artery (Figure 4b) and umbilical artery
(Figure 4c). The venous blood flow velocities of these
three fetuses showed pulsatile flow in the umbilical vein
and reversed flow during atrial systole in the ductus
venosus (Figure 4d). A ventricular septal defect was found
in the third fetus with trisomy 18 that was not associated
with APVS.

In four of the five REDF cases (three with trisomy
18 and one with agenesis of the ductus venosus), the
parents decided to terminate pregnancy because of the
unfavorable prognosis. The fifth case (a dichorionic
twin pregnancy with trisomy 13 in one fetus and a
normal cotwin), died in utero 7 days after chorionic villus
sampling. In this fetus and another with trisomy 18 and
TOF no autopsy was performed. In the other cases autopsy
by a specialized pathologist comfirmed the prenatally
diagnosed cardiac defects as well as the venous anomaly.

DISCUSSION

REDF in the umbilical artery between the 10th and 14th

weeks of gestation is very rare; a total of 23 cases
have been reported so far2–9. The associated conditions
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Table 1 Clinical data and outcome of the five cases with reversed end-diastolic blood flow (REDF) in the umbilical artery

Case
GA

(weeks) Karyotype
NT

(mm) Sonographic findings
Umbilical
artery Ductus venosus Outcome

1 12 + 6 47,XX,+18 7.8 VSD, tricuspid regurgitation,
omphalocele, generalized hydrops,
mild bilateral hydrothorax

PI, 5.77
RI, 1.35
REDF

PVIV, 1.63
PIV, 2.58
Reversed a-wave

TOP, autopsy

2 12 + 0 47,XY,+18 5.4 Tetralogy of Fallot with APVS but
patent ductus arteriosus, single
umbilical artery, generalized
hydrops

PI, 6.50
RI, 1.44
REDF

PVIV, 2.50
PIV, 3.33
Reversed a-wave

TOP, autopsy

3 10 + 3 47,XY,+18 7.0 Tetralogy of Fallot with APVS but
patent ductus arteriosus, single
umbilical artery, generalized
hydrops

PI, 14.03
RI, 1.55
REDF

PVIV, 2.00
PIV, 2.67
Reversed a-wave

TOP

4 12 + 3 47,XY,+13 2.6 Tetralogy of Fallot with APVS but
patent ductus arteriosus, generalized
hydrops

PI, 8.13
RI, 1.37
REDF

Not measured IUFD

5 11 + 3 46,XX 12.0 Ductus venosus agenesis with liver
bypass, generalized hydrops, mild
left-sided hydrothorax

PI, 6.36
RI, 1.23
REDF

Agenesis TOP, autopsy

APVS, absent pulmonary valve syndrome; GA, gestational age; IUFD, intrauterine fetal death; NT, nuchal translucency; PI, pulsatility index;
PIV, pulsatility index for veins; PVIV, peak velocity index for veins; RI, resistance index; TOP, termination of pregnancy; VSD, ventricular
septal defect.

Figure 3 Longitudinal ultrasound image of the ductal arch in a
fetus with trisomy 18, tetralogy of Fallot with absent pulmonary
valve syndrome and patent ductus arteriosus at 10 + 3 weeks’
gestation (Case 3). To-and-fro blood flow is demonstrated during
systole (a) and diastole (b), respectively.

included 14 cases of chromosomal anomalies (six trisomy
18; three trisomy 13; five other aneuploidies), two cases
with isolated cardiac defects (one pulmonary atresia; one
atrioventricular septal defect), one VACTERL association
and one early twin-to-twin transfusion syndrome, and
there were five anatomically normal fetuses, of which two
developed early onset growth restriction. Sixteen of these
23 cases were associated with increased NT. There were
six terminations of pregnancy, 12 intrauterine deaths and
one neonatal death; the only survivors were three of the
anatomically normal children and one child with a Turner
mosaicism.

Considering the variety of associated conditions in
fetuses with REDF in the umbilical artery in the first
trimester, the etiology is most likely multifactorial.
Vascular anomalies and heart defects are a possible
explanation for the altered flow velocity waveforms in
four of the five cases in our present series. In the three cases
of TOF with APVS, patent ductus arteriosus and non-
restrictive ventricular septal defect, the altered arterial
to-and-fro blood flow could be explained by the absence
of ‘Windkessel’ function in the pulmonary trunk (the
Windkessel effect is the recoil effect of large arteries that
converts the pulsatile ejection of the heart into a steady
flow) that results from the missing pulmonary valve as
well as the large capacity of both ventricles. Fetuses like
our Case 5, with absence of the ductus venosus and
liver bypass, have been reported in previous studies11–15

with high output cardiac failure due to chronic volume
overload of the central venous system and the cardiac
chambers, and could therefore also be associated with
altered flow in the umbilical artery early in gestation.
However, the ventricular septal defect in the remaining
fetus with trisomy 18 in our cohort is unlikely to have
caused the REDF. In this case it is more likely that
the increased vascular impedance was due to a decrease
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Figure 4 Doppler examination in a fetus with trisomy 18, tetralogy of Fallot with absent pulmonary valve syndrome and patent ductus
arteriosus at 10 + 3 weeks’ gestation (Case 3). Reversed flow during diastole is demonstrated in the descending aorta (a), middle cerebral
artery (b) and umbilical artery (c), and reversed flow during atrial contraction is demonstrated in the ductus venosus (d).

in trophoblast invasion, as has been demonstrated in
previous studies in aneuploid fetuses16 and in fetuses that
developed early-onset growth restriction in the further
course of pregnancy9.

Prenatal diagnosis of TOF with APVS is feasible and
has been reported in four case series17–19 and several case
reports20–22. However, this defect is usually detected in
the second half of pregnancy and has not yet been reported
in the first trimester. In the second and third trimesters and
postnatally, TOF with APVS only appears in combination
with absence of the ductus arteriosus, except for rare
cases in which the left pulmonary artery is discontinuous
and supplied solely by the ductus arteriosus and in fetuses
with intact ventricular septum19. In both situations, the
volume of the pulmonary regurgitation is restricted.

Our observations in three fetuses with TOF and
APVS combined with a patent ductus arteriosus in early
gestation gives important insights into the pathogenesis
of this disease. It was previously hypothesized that
primary absence of the ductus arteriosus avoids adequate
decompression of pulmonary high-resistance flow, may
alter the development of the pulmonary valve apparatus
and causes the additional widening of pulmonary trunk

and pulmonary arteries typically seen in later fetal and
neonatal life23–25. This theory, proposing that agenesis of
the ductus arteriosus plays an important etiological role in
the genesis of APVS, has been questioned by some19,26,27.
They hypothesized that the non-restrictive ventricular
septal defect in fetuses with TOF and APVS equalizes
the pulmonary and aortic pressures and allows adequate
decompression of pulmonary blood flow regardless of
the presence or absence of the ductus arteriosus. These
authors suggest that up to 80–90% of fetuses with
TOF and APVS may have a ductus arteriosus, as is the
case for TOF in general, but that this subset of fetuses
miscarries early in gestation. In fetuses with TOF, APVS,
patent ductus arteriosus and an unrestrictive ventricular
septal defect, the regurgitant flow from the aorta through
the ductus arterious and the absent pulmonary valve
fills not only the right ventricle but also the left
ventricle. This diastolic overload of both ventricles is
probably incompatible with further fetal life and results in
cardiac failure, hydrops and fetal death19,26,27. A possible
additional mechanism causing fetal demise could be a
significant diastolic run-off not only from the systemic
vascular bed of the fetus but also from the critical
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placental vascular bed, thus leading ultimately to fetal
hypoxemia.

Our results show that, during the first and early sec-
ond trimesters, TOF with APVS can be associated with
a patent ductus arteriosus; therefore, a critical role of an
absent ductus arteriosus in the genesis of APVS seems
unlikely. Our findings support the hypothesis that agen-
esis of the ductus arteriosus is essential for primary fetal
survival in fetuses with TOF and APVS26,27. The enor-
mous volume load prevents survival of fetuses with APVS
and a patent ductus arteriosus beyond the early second
trimester, so only the subset of fetuses with agenesis of
the ductus arteriosus can be found later in gestation. In
contrast, TOF with APVS, patent ductus arteriosus and
discontinuous left pulmonary artery is compatible with
survival because only a minimal amount of aortic blood
fills the ductus arteriosus and the left pulmonary artery.
Similarly, in the rare case of APVS with intact ventricular
septum, the regurgitant volume is limited to the right ven-
tricle and this is therefore compatible at least with early
survival. Apart from fetuses with absent ductus arterio-
sus, only these latter two groups can be detected in the
second trimester, and they are eventually complicated by
intrauterine death or hydrops later in gestation or result
in severely ill neonates17,18,28.
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