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Abstract
Objective To evaluate perinatal outcome of fetuses with
isolated single umbilical artery (SUA), and speciWcally to
examine whether an isolated SUA is an independent risk
factor for perinatal mortality.
Methods A population-based study was conducted, com-
paring pregnancies of women with and without SUA.
Deliveries occurred between the years 1988–2006, in a ter-
tiary medical center. Multiple gestations, chromosomal
abnormalities and malformations were excluded from the
analysis. StratiWed analysis was performed using multiple
logistic regression models to evaluate the association

between SUA and perinatal mortality, while controlling for
confounders.
Results Out of 194,809 deliveries, 243 (0.1%) were of
fetuses with isolated SUA. Fetuses with SUA were smaller
(2,844 § 733 vs. 3,197 § 530 g, P < 0.001), and were
delivered at an earlier gestational age (38.3 § 3.0 vs.
39.3 § 2.1 weeks, P < 0.001), when compared with fetuses
with normal umbilical vessels. Mothers to fetuses with iso-
lated SUA tended to have a history of infertility treatments
(4.5 vs. 1.7%; P = 0.001) when compared with the compar-
ison group. Fetuses with SUA had more complications,
including fetal growth restriction (FGR 9.5 vs. 1.9%,
P < 0.001), polyhydramnios (11.5 vs. 3.7%; P < 0.001)
and oligohydramnios (6.6 vs. 2.2%; P < 0.001). Deliveries
of SUA fetuses had higher rates of placental abruption (3.3
vs. 0.7%; P < 0.001), placenta previa (1.2 vs. 0.4%;
P = 0.03) and cord prolapse (2.9 vs. 0.4%; P < 0.001).
Higher rates of cesarean deliveries were noted in this group
(23.9 vs. 12.2%; P < 0.001). SUA newborns had higher
rates of low Apgar scores (<7) in one (11.8 vs. 3.7%;
P < 0.001) and 5 min (3.5 vs. 0.4%; P < 0.001). Higher
rates of perinatal mortality were noted in the SUA group, as
compared to fetuses with normal umbilical vessels (6.6 vs.
0.9%, OR 7.78; 95% CI 4.7–13.0; P < 0.001). Using a mul-
tiple logistic regression model, controlling for possible con-
founders, such as FGR, oligohydramnios, polyhydramnios,
prolapse of cord, maternal hypertension and diabetes melli-
tus, isolated SUA remained an independent risk factor for
perinatal mortality (adjusted OR = 3.91, 95% CI 2.06–7.43;
P < 0.001).
Conclusion Isolated SUA in our population was noted as
an independent risk factor for perinatal mortality.
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Introduction

The umbilical cord is formed between day 13th and 38th
after fertilization and contains two umbilical arteries and
one umbilical vain [1]. Single umbilical artery (SUA) is
the most common malformation of the umbilical cord
and is associated with birth defects and chromosomal
abnormalities [2]. There are number of theories explain-
ing the appearance of an SUA: The Wrst is primary agen-
esis of one of the arteries of the umbilical cord. The
second theory claims that the appearance of an SUA is
the result of a secondary atrophy or atresia of once
healthy artery. A third theory describes the remaining of
the alantoic artery of the primary umbilical cord (body
stalk) as an explanation for the appearance of an SUA
[3–5]. Embryological considerations as well as the Wnd-
ing of a blocked second umbilical artery in several cases
of SUA are factors that support the second theory among
the three [1, 6].

The incidence of SUA is 0.2–1.6% in euploids and
9–11% in uneuploid fetuses [6]. SUA is found in 4.6% of
twin births and 1% of singletons [1]. Controversy exists
regarding the signiWcance of isolated SUA. A survey of eight
articles revealed that SUA was found in 1.5% of spontane-
ous abortions and in 7% of pregnancies terminated due to
severe malformations [1, 3]. It was also found that 15–18%
of euploid fetuses developed intrauterine fetal growth
restriction (FGR) and low birth weight [7–9]. Thummala
et al. found a slight increase in renal abnormalities in neo-
nates with SUA, although these Wndings were not con-
Wrmed by Doornebal et al. The latter found that renal
abnormalities in fetuses with SUA were comparable with
the general population. Both articles concluded that renal
investigation is not warranted in the babies with SUA [10,
11]. A comparative examination of middle cerebral artery

Xow in fetuses with SUA and fetuses with normal umbilical
cord showed no signiWcant diVerences between the two
groups [12].

Recently, a research comparing the incidence of FGR
and perinatal mortality between fetuses with and without
SUA, after excluding major fetal anomalies, concluded
that both outcomes were similar and, therefore, concluded
that serial antepartum ultrasound for fetal growth is not
necessary in managing pregnancies complicated by iso-
lated SUA [13]. Nevertheless, the subject of managing
pregnancies with SUA remains controversial, and today
all SUA fetuses are considered as high risk pregnancies
[14]. The present study was designed to evaluate perinatal
outcome of fetuses with SUA, and speciWcally to examine
whether an isolated SUA is an independent risk factor for
perinatal mortality.

Materials and methods

A population-based study comparing all singleton preg-
nancies above 500 g and 22 weeks gestation with and
without SUA was conducted. The deliveries occurred
between the years 1988 and 2006 at the Soroka University
Medical Center. This is a tertiary and the sole hospital in
the Negev, the southern part of Israel. The hospital serves
the entire obstetrical population in this region. Thus, the
study is based on the non-selective data. SUA newborns
are known to have higher rates of congenital malforma-
tions and chromosomal aberrations [15, 16]. To investi-
gate the association between SUA and various pregnancy
and labor complications, we excluded from our analysis
fetuses with congenital malformations and chromosomal
aberrations. Our sample is composed of 194,809 births,
243 of which had an isolated SUA.

Table 1 General clinical char-
acteristics of the women with 
SUA pregnancies as compared 
with women with a normal 
umbilical cord

Normal umbilical 
cord (n = 194,566)

Single UA 
(n = 243)

P OR (95% CI)

Maternal age (years) 28.5 § 5.9 28.5 § 5.6 0.97

Gestational age (weeks) 39.3 § 2.1 38.3 § 3.0 <0.001

Gravidity (%)

1 23.2 25.1 0.37

2–4 51.1 53.1

¸5 25.7 21.8

Parity (%)

1 19.5 21.4 0.69

2–4 47.8 47.7

¸5 32.8 30.9

Birth weight (g) 3,197 § 530 2,844 § 733 <0.001

Recurrent abortions (%) 5 6.2 0.4 1.44 (1.1–1.9)

Infertility treatments (%) 1.7 4.5 0.001 1.25 (0.74–2.1)
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Data were collected from the computerized perinatal
database that consists of information recorded directly after
delivery by an obstetrician. Only four skilled medical secre-
taries examine the information routinely before entering it
into the database. Coding is done after assessing the medi-
cal prenatal care records as well as the routine hospital doc-
uments. These procedures assure maximal completeness
and accuracy of the database. The midwives evaluate rou-
tinely the placenta and cord after delivery and basically
SUA was detected and conWrmed (if was previously
observed by ultrasound) postnatally.

Statistical analysis was performed with the SPSS pack-
age. Categorical variants were examined by �2 test. Com-
parison of means was calculated using t test or one-way
ANOVA. A multivariable logistic regression model, with
backward elimination, was constructed to Wnd independent
risk factors associated with SUA and to evaluate the associ-
ation between SUA and perinatal mortality while control-
ling for confounders. StratiWed analysis, using the Mantel–
Haenszel technique was used to assess the association
between SUA and other variables with clinical signiWcance
while controlling for possible confounders. Odds ratios
(OR) and their 95% conWdence interval (CI) were com-
puted. P < 0.05 was considered statistically signiWcant.

Results

During the study period and after excluding multiple gesta-
tions, chromosomal abnormalities and malformations, there
were 194,809 deliveries, of which 243 were of fetuses with
isolated SUA. Table 1 shows the general clinical character-
istics of women with and without SUA pregnancies.

Women with SUA tended to deliver at an earlier gestational
age, and have smaller babies. There was also a higher rate
of infertility treatment in this group, but there was no sig-
niWcant diVerence in recurrent abortions rate between the
two groups.

Table 2 presents this analysis. Pregnancies of fetuses
with SUA had more complications, including FGR, polyhy-
dramnios and oligohydramnios. Deliveries of SUA fetuses
had higher rate of placental abruption, true knot of umbili-
cal cord and cord prolapse. Higher rates of cesarean deliv-
eries were noted in this group. Higher rate of perinatal
complications was noted in the SUA group including low
Apgar scores (<7) in one and 5 min and higher rates of peri-
natal mortality (deWned as all cases of intrauterine fetal
death, intrapartum death and postpartum mortality).

To further investigate the association between SUA and
perinatal mortality, a multivariable analysis, with backward
elimination was constructed. After controlling for other
possible factors aVecting perinatal mortality, such as FGR,
diabetes, hypertension, polyhydramnios, oligohydramnios,
maternal age, gestational age, cord prolapse and true knot
of umbilical cord, SUA remained an independent risk factor
for perinatal mortality (OR 3.91, 95% CI 2.06–7.43).

Discussion

The major Wnding of our study is that SUA is an indepen-
dent risk factor for perinatal mortality. It was noted as a risk
factor for perinatal mortality after excluding cases with
congenital malformations and chromosomal aberrations,
and also using a multivariable analysis to eliminate possible
confounders aVecting perinatal mortality. Isolated SUA

Table 2 Pregnancy and labor 
complications, excluding 
congenital malformations and 
chromosomal aberrations

Percentage OR adjusted 
for malformations 
(95% CI)

P

Normal umbilical 
cord (n = 194,566)

SUA 
(n = 243)

FGR 1.9 9.5 5.43 (3.53–8.35) <0.001

Oligohydramnios 2.2 6.6 3.09 (1.86–5.14) <0.001

Polyhydramnios 3.7 11.5 3.42 (2.31–5.07) <0.001

Diabetes mellitusa 6.1 7.8 1.31 (0.82–2.10) 0.26

Placenta previa 0.4 1.2 3.29 (1.05–10.29) 0.03

Placental abruption 0.7 3.3 5.09 (2.51–10.33) <0.001

PROM 6.6 8.6 1.35 (0.86–2.11) 0.19

True knot 1.1 4.9 4.57 (2.55–8.18) <0.001

Cord prolapse 0.4 2.9 8.36 (3.93–17.79) <0.001

Cesarean delivery 12.2 23.9 2.56 (1.68–3.03) <0.001

Apgar scores <7 at 1 min 3.7 11.8 3.5 (2.34–5.24) <0.001

Apgar scores <7 at 5 min 0.4 3.5 8.33 (4.1–16.92) <0.001

Perinatal mortality 0.9 6.6 7.78 (4.68–12.95) <0.001
a Gestational and pregestational 
diabetes mellitus
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was also recognized as a risk factor for other major preg-
nancy complications.

Previous studies regarding isolated SUA have drawn
diVerent conclusions. Bombrys et al. [10] have not found a
higher rate of perinatal mortality and FGR when comparing
isolated SUA to newborns with normal umbilical cord.
They have concluded that an isolated SUA pregnancy
should be followed up as a normal umbilical cord preg-
nancy, once a detailed ultrasound has been performed to
rule out associated anomalies. Our research has found a sig-
niWcant association between isolated SUA and adverse
pregnancy outcomes, including FGR and perinatal mortal-
ity, and thus it may be prudent to treat all isolated SUA
pregnancies as high risk pregnancies, with tighter follow-up
and ultrasound evaluations.

Strengths of this study include the large sample size,
enabling ample power to achieve statistical signiWcance;
other strength of this study is that the database upon which
it is based was compiled using meticulous attention to
detail by a highly skilled staV of medical secretaries. The
limitations of this study mainly stem from its retrospective
design.

In conclusion, in our population, SUA was noted as an
independent risk factor for perinatal mortality. Because the
diagnosis of isolated SUA carries signiWcant medical and
Wnancial implications, further prospective studies including
more data on both mother and child, should verify our
results to formulate the correct approach for managing
these cases.

ConXict of interest statement None.
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