
Twin Research and Human Genetics
Volume 18 Number 5 pp. 595–600 C© The Author(s) 2015 doi:10.1017/thg.2015.59

Congenital Malformations Associated With a Single
Umbilical Artery in Twin Pregnancies
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A single umbilical artery (SUA) was identified in 1.5% of twin pregnancies. The presence of a SUA in a twin
pregnancy was associated with a 50% incidence of fetal anomalies, many of them complex and severe.
The embryology and pathophysiological mechanisms associated with a SUA are reviewed. Aneuploidy is
relatively common and should be considered, particularly in the presence of associated anomalies. Fetal
growth restriction is frequent and preterm delivery is common.
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The incidence of a SUA in singleton pregnancies approxi-
mates 0.5% (Granese et al., 2007; Hua et al., 2010), with a
higher prevalence in twin pregnancies (Heifetz, 1984; Klatt
et al., 2012). There is an association between a SUA and
other concomitant congenital anomalies in both twin and
singleton pregnancies, particularly those of the cardiac, re-
nal, gastrointestinal, and central nervous systems (Arcos-
Machancoses et al., 2015; Chow et al., 1998). The possibility
of aneuploidy in a fetus with a SUA also must be considered,
with trisomies 13 and 18 the two most commonly reported
associations (Chow et al., 1998; Dagklis et al., 2010).

Associated anomalies may be found with a SUA in up
to 30% of cases in both twin and singleton pregnancies
(Arcos-Machancoses et al., 2015; Chow et al., 1998; Klatt
et al., 2012). This will inevitably lead a clinician to ruminate
on whether a SUA is, in itself, a poor prognostic finding or
whether it has an incidental association with these other
more serious problems. In a previous study from our insti-
tution, we suggested that an isolated SUA in twin pregnan-
cies increases the risk of preterm birth but no other poor
pregnancy outcomes (Cade et al., 2014). The mechanism of
spontaneous preterm birth is still poorly understood and it
is difficult to make a case for causality of a SUA, thus it is
somewhat debatable whether an isolated SUA truly confers
a poorer prognosis in twins. When it is not isolated, it is
worth considering if this finding is truly associated with a
poor prognosis or if it is simply a marker that mandates a
thorough sonographic search for coexistent anomalies.

We report on a 7.5-year experience of SUA in twin preg-
nancies complicated by coexistent anomalies, and aim to

review the available literature about the formation of a
SUA. We aim to define the common problems encoun-
tered in these pregnancies and the clinical implications of
such findings.

Patients and Methods
We initially included all patients who had a twin preg-
nancy and a second trimester morphology ultrasound at
the Royal Women’s Hospital, Melbourne, over a 7.5-year
period. Cases were identified using the hospital’s Picture
Archiving System (PACS; Viewpoint, GE Healthcare, Buck-
inghamshire, United Kingdom). For the purposes of this
study, all patients with a documented finding of a SUA were
initially reviewed, and those with any coexistent anomaly
further examined. A review of placental histology or ex-
pert review of the ultrasound images by one of the authors
(FDSC) was mandated for final inclusion.

All ultrasounds were performed at a tertiary obstetric
unit by specialist obstetricians with expertise in obstetric
ultrasound. Color Doppler was used to visualize the um-
bilical arteries, both adjacent to the fetal bladder and in a
section of a free loop of cord. Fetal anomalies are described
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according to the post-mortem report, if available; otherwise
the ultrasound findings are described.

This study was approved as an audit by the hospital’s
Human Research Ethics Committee.

Results
In the 7.5-year period of the study we provided care for 1,276
women with multiple pregnancies, 1,243 of which were
twin pregnancies. There were initially 34 multiple preg-
nancies identified as having a SUA on ultrasound. Eleven
were excluded due to placental histopathology findings of
a three-vessel cord or because images were not available for
expert review. One was excluded as there was fetal demise
of one twin at 12 weeks. We excluded three triplet and one
conjoined twin pregnancies. Of the remaining 18 pregnan-
cies that were identified as having a SUA, nine were not
associated with fetal anomalies and have been previously
described (Cade et al., 2014). The remaining nine pregnan-
cies, in which both an SUA and co-existent anomalies were
found, are the subject of this analysis.

The mean maternal age at delivery was 31.1 (SD 2.6)
years. Data on spontaneous versus assisted conception was
either incomplete or unreliable so is not reported.

Five of the nine pregnancies were dichorionic diamniotic
(DCDA), three were monochorionic diamniotic (MCDA),
and one was monochorionic monoamniotic (MCMA). All
twins, including monochorionic twins, were discordant
both for SUAs and anomalies.

Table 1 details the findings and outcomes for dichori-
onic twins. Table 2 details the findings and outcomes for
monochorionic twins. In each table the outcome is listed
as normal if there were no residual concerns at the time of
discharge.

In summary, the majority of fetal anomalies were cardiac
or neurological in nature, with no specific pattern evident.
Other anomalies included gastroenterological and renal. In
all but two of the sets of twins, the non-SUA twin was
normal. In the two with anomalies, both were renal in na-
ture: a multicystic dysplastic kidney (case 3) and bilateral
hydronephrosis (case 6).

The obstetric outcomes are detailed in Tables 1 and 2
and were frequently poor. As anticipated, both fetuses with
trisomy 18 were perinatal deaths, as was the anencephalic
fetus. The euploid fetuses with complex cardiac or neuro-
logical anomalies also succumbed. Preterm delivery was a
common feature. The preterm deliveries were for suspected
fetal compromise in growth-restricted fetuses in which the
multiple fetal anomalies had not been identified (cases 2 and
8), for preterm premature rupture of membranes (cases 3
and 7), for twin–twin transfusion syndrome (case 6), elec-
tively at 32 weeks for MCMA twins (case 9) and spontaneous
preterm labor secondary to polyhydramnios (case 4).

Karyotypes were available in 12 of the 18 fetuses (six of
the nine with SUA). The only karyotype abnormality was

trisomy 18, which was identified in two of the dichorionic
fetuses (cases 1 and 5).

Discussion
In our series, the detection of a SUA on antenatal ultrasound
in a twin pregnancy was associated with a 50% risk of fe-
tal anomaly. Cardiac, neurological, and gastroenterological
anomalies were the most frequent and were often severe.
Aneuploidy was a significant association, with trisomy 18
observed in two of our nine cases of twins with a SUA and
a fetal anomaly. The anomalies were frequently complex
and often associated with poor perinatal outcome. Identi-
fication of a SUA on prenatal ultrasound in twins should
prompt very careful surveillance for fetal anomalies. Even at
our institution, with high level ultrasound expertise, many
anomalies were not detected prior to delivery.

In the absence of an associated anomaly, there is a sig-
nificant risk of preterm delivery (Cade et al., 2014). The
presence of anomalies is even more significantly associated
with preterm delivery with many of the deliveries result-
ing from iatrogenic prematurity. Only one of the nine twin
pregnancies reached term.

Previous studies have shown an increased risk of growth
restriction in twin pregnancies complicated by the presence
of a SUA (Byers et al., 2013; Stout et al., 2013). Our previous
research has shown that, in the absence of a fetal anomaly,
growth restriction is not a feature (Cade et al., 2014). In
contrast, this current review has demonstrated that the
presence of a SUA associated with a fetal anomaly is fre-
quently associated with fetal growth restriction. Given that
this is a descriptive study and has not been controlled for
confounders, this is an observation of interest and should
be considered in the management of these patients.

The umbilical cord derives from the primitive yolk sac,
the connecting stalk, and the amnion. By day 38, an angio-
genic plexus forms around the allantoic duct and forms the
umbilical vessels. A SUA initially develops, then with further
development, bifurcates in the pelvis to form two umbilical
arteries that originate from the right and left common iliac
arteries (Monie, 1970; Persutte & Hobbins, 1995).

An excellent comprehensive review of the proposed
pathological mechanisms leading to a SUA has been pro-
vided by Persutte and Hobbins (1995). The first theory
reviewed is that of primary agenesis of one umbilical artery.
This would involve atresia of the vascular system from
the umbilical bifurcation to the common iliac arteries and
would invariably result in distal lower extremity abnormal-
ities from ischemia. As these consequences are not seen, this
theory can be dismissed.

The second theory reviewed is of persistence of the origi-
nal allantoic artery. The authors argue that this is explained
by failure of distal bifurcational migration. Support for this
theory comes from the findings of a single cord artery that
bifurcates in the fetal abdomen and communicates with
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TABLE 1

Perinatal Outcome for Dichorionic Twins

Perinatal outcomes

SUA twin Co-twin

Case

Maternal
age
(years)

Mode of
delivery

Gestation
at
delivery
(weeks) Sex Karyotype

Birthweight
(g)

Birthweight
percentile Anomalies Outcome Sex Karyotype

Birthweight
(g)

Birthweight
percentile Anomalies Outcome

1 38 Vaginal 35 F Trisomy
18

898 <1% Holoprosencephaly;
hypotelorism;
diaphragmatic
hernia; AVSD; left
ventricle smaller than
right ventricle; single
nostril

NND at 20
minutes

F Normal 2,676 75% Nil Normal

2 19 Emergency
LUSCS

28 M No 730 3% Enlarged pulmonary
trunk; right sided
aortic arch; vascular
ring; tracheomalacia;
patent ductus
arteriosus; patent
foramen ovale;
inguinal herniaa

Alive but
continuing
cardiac and
respiratory
care

M No 890 10% Nil Normal

3 28 Emergency
LUSCS

30 F Normal 662 <1% Pentalogy of Cantrell;
tetralogy of Fallot;
exomphalos;
kyphosis; partial
agenesis of vermis;

Selective
termination
at 29 weeks

F Normal 1,372 85th Multicystic
dysplastic
kidney

Discharged
home but
continuing
renal
follow-up

4 30 Vaginal 32 F Normal 3,345b >99% Hydrothorax; severe
right cerebral
ventriculomegaly;
macrocrania;
hydrops fetalis;
polyhydramnios

FDIU at 31
weeks

F Normal 1,700 60% Normal Normal

5 41 Elective
LUSCS

39 F Trisomy
18

2,040 3% Choroid plexus cysts;
brachycephaly;
hypoplastic
cerebellum; bilateral
overlapping fingers;
polyhydramnios

NND day 8 M No 3,065 65% Normal Normal

Note: aPostnatal diagnosis; bHydropic fetus –– weight affected by massive fluid retention; SUA = single uterine artery; AVSD = atrioventricular septal defect; NND = neonatal death; FDIU = fetal death in utero; LUSCS =
lower uterine segment cesarean section.
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TABLE 2

Perinatal Outcome of Monochorionic Twins

Perinatal outcomes

SUA twin Co-twin

Case

Maternal
age
(years)

Mode of
delivery

Gestation
at
delivery
(weeks) Sex Karyotype

Birthweight
(g)

Birthweight
percentile Anomalies Outcome Sex Karyotype Birthweight

Birthweight
percentile Anomalies Outcome

6 35 Emergency
LUSCS

30 M Normal 1,095 5% Coarctation of the
aorta; patent ductus
arteriosus; patent
foramen ovale;
bilateral
hydronephrosisa

Excellent
result from
cardiac
surgery

M No 1,545 60% Bilateral hy-
dronephro-
sis; patent
ductus
arteriosus

Normal

7 34 Emergency
LUSCS

32 M Normal 1,560 20% Anencephaly;
rachischisis involving
cervical and thoracic
vertebrae;
exomphalos; absent
right ulna and radius;
abnormal right hand;
scoliosis

NND at 12
minutes

M Normal 2,090 80% Nil Normal

8 36 Emergency
LUSCS

27 F Normal 529 <1% Coarctation of the
aorta; left ventricular
dilatation; patent
ductus arteriosusa

Repair of
coarcta-
tion.
Bron-
chopul-
monary
dysplasia
with
continuing
respiratory
care 250
days after
delivery

F Normal 909 35% Nil Normal

9b 19 Elective
LUSCS

32 M No 1,500 15% Absent left lung Continuing
cardiotho-
racic
follow-up

M No 1,740 40% Nil Normal

Note: aPostnatal diagnosis; SUA = single uterine artery; g = grams; NND = neonatal death; FDIU = fetal death in utero; LUSCS = lower uterine segment cesarean section;bMonoamniotic twins.
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Single Umbilical Artery and Congenital Malformations in Twins

both common iliac arteries. Further support is from the
observation that the incidence of a SUA increases the closer
to the placenta that the cord is inspected.

The third theory, and the most likely explanation for
the pathology of a SUA, is secondary atresia or atrophy
of a previously normal umbilical artery. In support of this
theory is the fact that pathologists can identify, on close
inspection, allantoic derivatives or arterial remnants in the
cord. Luminal bridging to the other umbilical artery has
also been described, with portions of the same umbili-
cal cord containing both one and two umbilical arteries,
suggesting a mechanical disruption leading to secondary
atrophy.

A final, and very rare causation, seen in sirenomelia is
failure of regression of vitelline-derived vasculature.

Martinez-Frias et al. (2008) offer alternative explanations
with four groups identified according to the associated fe-
tal abnormalities. The first group corresponds to patterns
of defects that occur early during embryogenesis and are
associated with body stalk defects and sirenomelia.

The second group includes those that have strong as-
sociations between the presence of a SUA and specific fe-
tal defects, with the suggestion that errors occur during
blastogenesis, resulting in the well-known associations of
esophageal atresia, imperforate anus, renal defects and ver-
tebral defects. It has been proposed that these are caudal
defect variations of the sirenomelia continuum.

The third group includes central nervous system defects,
cardiac defects, and unilateral renal agenesis that also arise
during blastogenesis. It is not clear to us how this group
differs from the second group described by Martinez-Frias
et al. (2008).

Their fourth group described includes those fetuses with
a SUA and patterns of multiple congenital anomalies, in-
cluding intestinal atresia, limb deficiencies, and vascular
defects.

We find the Persutte and Hobbins (1995) hypotheses
a more intuitive, clinically sound and considered expla-
nation, but acknowledge the complexity and lack of uni-
versal agreement in this area. However, the conclusions of
Martinez-Frias et al. (2008) are to be commended. They
conclude that SUAs have different origins, different patho-
genetic mechanisms, and are mediated by different genetic
and environmental factors, which in turn result in different
clinical outcomes.

In practice, the diagnosis of a SUA in a twin pregnancy
is uncommon, with an incidence in our cohort of 0.72%,
lower than previous studies (Heifetz, 1984; Klatt et al., 2012;
Stout et al., 2013). The lower incidence in our cohort is pos-
sibly because we mandated a histopathological diagnosis of
SUA in the placenta postnatally or review of ultrasound im-
ages by a single experienced operator. We cannot calculate
an accurate incidence because not all twin pregnancies have
had the same scrutiny of ultrasound and histopathology as
the cases with SUA (Cade et al., 2014).

Half of the pregnancies identified had no fetal anoma-
lies; of the remaining half, even in a center with high level
ultrasound surveillance of multiple pregnancies, not all of
the anomalies were detected. In our series of 18 patients, the
only two with aneuploidy had multiple significant anoma-
lies that could be easily identified. We suggest that amnio-
centesis should only be considered in the presence of fetal
anomalies. This finding, and advice, is consistent with pre-
vious studies (Gornall et al., 2003; Voskamp et al., 2013).

Careful postnatal follow-up is required even in the ab-
sence of antenatal ultrasound detection of anomalies.

Conclusion
The identification of a SUA in a twin pregnancy should
prompt a very careful search for a fetal anomaly on ultra-
sound. Aneuploidy should be considered, particularly in
the presence of a fetal anomaly. Preterm delivery is frequent
and is often iatrogenic.
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