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Abstract

Objectives: To investigate the incidence of single umbilical artery (SUA), malformation, and postpartum outcomes in a retro-

spective analysis of 781 fetuses with SUA. Methods: A retrospective analysis of 781 pregnant women with singleton fetuses with

SUA were diagnosed in the Gansu Provincial Maternal and Child-care Hospital from 2013 to 2019. Detailed data on maternal

and fetal characteristics and postpartum outcomes were obtained. Results: A total of 624 (79.9%) fetuses were diagnosed with

isolated SUA, whereas 157 (20.1%) fetuses had SUA with other structural and/or chromosomal abnormalities. The highest in-

cidence of malformations was found in the urinary system, followed by the cardiovascular system and the digestive system. The

incidence of SUA on the right side was 59.1% and life side was 40.9% respectively. Fetuses with SUA and other abnormalities

showed a trend to be small for gestational age (3061 g vs 3201 g, p < 0.01) but not be delivered preterm. Conclusions: After

a diagnosis of SUA, structural observation of the fetus is required. The urinary, cardiovascular, and digestive systems should

be the focus of observation. If relevant malformations are found, genetic testing must be performed. With isolated SUA, it is

recommended to dynamically monitor biological indicators to be alert for SGA, but genetic testing is not recommended.

Introduction

A normal umbilical cord contains two umbilical arteries and an umbilical vein. In cases with single umbilical
artery (SUA), there is only one umbilical artery in the fetal umbilical cord.1,2 SUA is one of the most common
fetal abnormalities identified during prenatal screening, with an incidence of approximately 0.5% to 5%.3,4

Maternal risk factors for SUA include smoking, metabolic disease, advanced age, pregnancy achieved through
reproductive technology, and multiple births.5-8 In multiple pregnancies, the incidence of SUA is 3 to 4 times
higher than that of singleton pregnancies.9 SUA is also associated with fetal structural malformations,10

fetal aneuploidy,11 and increased risk of intrauterine growth restriction.12 About 80% of SUA cases have
isolated SUA,13-14 which is a soft indicator of fetal chromosomal abnormalities, congenital malformations,
and premature birth. In addition, isolated SUA often causes certain obstetric complications, such as increased
perinatal mortality and increased incidence of fetal growth restriction.15-17 This study evaluated maternal
characteristics, fetal complications, and perinatal outcomes among 781 women with singleton pregnancies
who received a prenatal diagnosis of SUA between 2013 and 2019. The goal of this study is to provide a
better basis for counseling of affected pregnant women.

Methods

Study design. Between November 2013 and March 2019, we retrospectively analyzed the characteristics of
781 fetuses with SUAs and their mothers at Gansu Provincial Maternity and Child-care Hospital. Pregnant
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mothers with multiple gestations were excluded from the study.

The diagnosis of SUA was confirmed using two-dimensional imaging of the umbilical cord in cross section
(UA; Figure 1) or color blood flow at the level of fetal abdominal cord insertion (Figure 2). We confirmed
the diagnosis of isolated SUAs by postnatal pathological examination, and all neonates were found to be
anatomically normal. We collected data on maternal characteristics, results of ultrasound examinations, and
postnatal outcomes (Table 1). We calculated gestational age based on the first day of the last menstrual
period, which was confirmed by crown-rump length measurement at the first trimester ultrasound examina-
tion. A small-for-gestational-age (SGA) fetus was diagnosed when the birth weight of the newborn was less
than 5th percentile for gestational age.

Instruments and methods. We used E10 and E8 (GE Healthcare, USA) ultrasound systems to perform
fetal biometric measurements. The abdominal probe frequency was set to 3.0 to 5.0 MHz. All ultrasound
images were preprocessed by a routine setting. The Doppler energy was set to <100 mW/cm2. SUAs
were confirmed during the second or third trimesters. All fetuses with SUA underwent detailed ultrasound
examination, and karyotyping was performed based on the findings of the prenatal examination. The results
of the ultrasound examinations were evaluated by three specialized sonographers. The study protocol was
approved by the Medical Ethics Committee of Gansu Provincial Maternity and Child-care Hospital and
pregnant mothers provided their written informed consent.

Statistical analysis. We performed data analysis using IBM SPSS Statistics for Windows version 23.0
(IBM Corp., Armonk, NY, USA). Continuous variables are presented as mean ± SD as appropriate. The
nonparametric Mann-Whitney U test was used to compare continuous variables between groups. Data from
categorical variables were analyzed using relative and absolute frequencies, and chi-square test or Fisher’s
exact test was used to analyze categorical variables. All of the statistical tests results were two-tailed, and p
[?] 0.05 was considered to indicate statistical significance.

Results

Between November 2013 and March 2019, 1328 pregnancies with SUAs fetuses were diagnosed in 369,372
pregnant women using prenatal ultrasound; the incidence of SUA was 0.36%. There were 781 cases with
complete information for further analysis. We performed a comparison of maternal characteristics and
pregnancy-related parameters of fetuses with isolated SUA and fetuses with SUA and other (structural
and/or chromosomal) abnormalities (Table 1). The median age of the pregnant women was 28.6 years
(range, 15-46 years). Ultrasound examination findings showed a minimum gestational age of 12 weeks,
maximum gestational age of 41 weeks, and mean gestational age of 29 weeks. Of the women, 112 (14.3%)
were determined to be smokers or passive smokers. Thirty-two (4.1%) cases used assisted reproductive
technology to achieve pregnancy. Two hundred fifty-four (19.7%) pregnant women had previously delivered
a fetus or had a history of abortion. There were no significant differences in maternal characteristics between
the two groups, including maternal age, body mass index, or the rate of passive smoking (p > 0.05; Table
1).

Information on the absence of an umbilical artery based on ultrasound examination was available for 318
cases: 188 (59.1%) fetuses lacked the left umbilical artery, whereas 130 (40.9%) fetuses lacked the right
umbilical artery. The placenta was mainly located in the anterior or posterior wall, and there were no
significant differences in placental position between the two groups (p > 0.05; Table 2).

Among the 781 fetuses with SUAs, 709 live births were recorded, 3 (0.52%) of 624 isolated SUA fetuses
had intrauterine deaths, and 2 neonates died after birth (0.34%). Among the 157 fetuses with SUA and
other abnormalities, 5 (3.27%) died intrauterinely, 3 (2.23%) died postnatally, and 59 (36.6%) pregnancies
were voluntarily terminated because of malformations. There were 709 (86.7%) of live births, of which 486
(68.55%) underwent vaginal delivery and 223 (31.45%) underwent cesarean delivery. The median gestational
age at delivery of a solitary SUA fetus was 38+6W (range, 28+2-42+1W), and the median birth weight was
3201 g (range, 970-4300 g). Ninety fetuses (12.69%) with other abnormalities had a median gestational
age at delivery of 38+5W (range, 25+4-41+5W) and an average birth weight of 3060 g (range, 520-4300 g).
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Thirty-seven SGA infants were born with isolated SUA, and 11 SGA newborns had SUA with abnormalities
(Table 3). The incidence of SUA with abnormalities was higher than that of isolated SUA (5.98% vs 12.22%,
p < 0.05). Fetuses with additional abnormalities were less likely to be born (57.32% vs 99.20%), and
the incidence of intrauterine deaths and terminations was higher among SUA fetuses with abnormalities
(Table 3). A chromosome examination was performed for 252 fetuses, among which 6 were found to have
chromosomal abnormalities. All of the fetuses with chromosomal abnormalities had at least one organ system
abnormality, Three cases had congenital heart disease, and 3 cases had multiple system abnormalities.

There were 624 cases of isolated SUAs, resulting in an incidence of 79.9%; 157 of the cases of abnormal
fetuses had at least 1 additional structure, and 6 had chromosomal abnormalities. There were 209 abnormal
organ systems found in 157 fetuses, including 115 cases with one abnormal organ system, 33 cases with two
abnormal organ systems, 8 cases with three abnormal organ systems, and 1 case with four abnormal organ
systems. The highest proportion of abnormal organ systems was determined to urinary (n = 53, 25.4%),
followed by the cardiovascular and digestive systems, accounting for 23.4% (n = 49) and 13.9% (n = 29),
respectively (Table4).

discussion

With the application of modern ultrasound technology, the evaluation for SUA is now performed as a routine
ultrasound examination, and the diagnosis of SUA is increasing. SUA can be diagnosed by color Doppler
blood flow or umbilical cord cross section as early as the nuchal translucency examination during early
pregnancy.18 In our study, the incidence of SUA was 0.35%, which is consistent previous studies.3 SUA is
considered to be a soft marker for congenital abnormalities. When an SUA is detected, it is important to
carry out a detailed examination of the structure. If structural abnormalities are found, invasive diagnostic
tests should be performed.19 We analyzed 781 pregnant women diagnosed with SUA by prenatal ultrasound
and found a single right umbilical artery in 59.1% of cases and a single left umbilical artery in 40.9% of cases,
similar to previous studies.18 Compared with the reported SUA incidence of 13% to 50% in the literature,
the abnormality rate (structural and/or chromosomal) of our SUA fetus was 20.1%, similar to that reported
by some studies.20,21

Among the 157 SUA fetuses with 209 organ abnormal systems, we found that the incidence of urinary
system abnormalities was highest, followed by cardiovascular structural abnormalities and digestive system
abnormalities, which is inconsistent with the results of previous studies. Studies often report that SUA is
most often associated with congenital heart disease.4,5 The reasons for this may be due to the absence of a
unilateral UA in the embryo of the SUA fetus, which affects the development of the yolk duct, and the yolk
duct is closely related to the development of the fetal urinary system. Therefore, the author believes that
in future work, once SUA is determined by ultrasound, a detailed ultrasound examination of the urinary
system structure should be performed. Earlier studies estimated the incidence of nephropathy in children
with SUA to be as high as 16%.22 Therefore, routine monitoring of kidney structure and function in SUA
fetuses after birth should allow early detection and treatment of kidney diseases.

In this study, the highest proportion of abnormal amniotic fluid occurred in SUA fetuses with nonstructural
anomalies. UAs come from the internal iliac arteries, and the blood vessels of the lower limbs in fetuses may
be influenced by the loss of one umbilical artery. This may lead to a change in abdominal aorta blood flow
in SUA fetuses, resulting in a change in fetal renal arterial hemodynamics and renal function that may affect
amniotic fluid production. In our study, in cases of fetal simple amniotic fluid abnormality, there were more
cases with reduced amniotic fluid than too much amniotic fluid, indicating that SUAs fetuses may have a
potential risk of changes in fetal kidney function. Therefore, the author believes that in future work, once
SUA is determined by ultrasound, a detailed ultrasound examination of the fetal amniotic fluid should be
performed.

In addition, there were 152 cases of fetuses with only one soft index, such as ventricular bright spots, enhanced
bowel echo, pelvic separation, and all of neonates had a good prognosis. This indicates that combining a single
soft index with SUA has no significant effect on the fetus’s prognosis, and routine chromosomal examination in
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cases of isolated SUA is not required. In our study, 6 fetuses were found to have chromosomal abnormalities:
3 cases had congenital heart disease, and 3 cases had multiple system abnormalities. Therefore, when
structural abnormalities are present in the SUA fetus, invasive diagnostic tests and echocardiogram should
be performed for the diagnosis of congenital heart disease.

The incidence of chromosomal abnormalities in SUAs fetuses is reported to be between 1.3% and 15.3%.14

In our study, only 0.8% of fetuses were found to have chromosomal abnormalities. This low percentage
of chromosomal abnormalities may be due to the ability of modern ultrasound to observe severe structural
abnormalities during early pregnancy or in the second trimester, resulting in a higher proportion of voluntary
terminations. However, most of the fetuses with severe structural abnormalities did not undergo relevant
chromosomal examinations, resulting in a lower incidence of chromosomal abnormalities in our study. In
addition, whether invasive diagnostic tests for isolated SUA should be part of the prenatal diagnosis is a
controversial issue. Because the possibility of chromosomal abnormalities in neonates with isolated SUAs
is very small, some scholars do not recommend invasive prenatal diagnosis of isolated SUA.19 In our study,
there were no cases of chromosomal abnormalities detected in isolated SUA fetuses. This indicates that
once SUAs are detected and other structural abnormalities are excluded, the probability of chromosomal
abnormalities is very low. We suggest that conventional chromosomal examinations can be performed for
elderly pregnant women with isolated SUAs.

Although some authors found no significant difference in the development of fetuses with isolated SUA
compared with normal fetuses,5,20 some scholars suggest that routine dynamic measurement of fetal biological
parameters and Doppler ultrasound assessment should be performed to identify possible intrauterine growth
restriction in fetuses with isolated SUA.23-25 In our study, the proportion of SGA with isolated SUA was
high, reaching 6.0%, and we may support the latter suggestion based on our findings. The reason why
isolated SUA does not affect the growth and development of the fetus may be that the diameter of the artery
is compensatorily increased compared with a normal arterial diameter.

Because this was a retrospective study, there are some limitations to our findings. First, the gestational week
may have a certain impact on the detection of fetal malformations. In this study, SUA cases were found from
early pregnancy to the third trimester. For example, some malformations during early pregnancy cannot
be accurately detected, resulting in a low positive rate of structural abnormalities during this period, which
could affect the statistical results. In addition, the perinatal results of the analyzed fetuses may be biased
by limited follow-up data. In 2013, Voskamp et al.26 published a meta-analysis of fetuses with isolated
SUA and concluded that the overall minority of cases did not ensure large-scale prospective cohort studies
to draw further conclusions. Overall, although this was a descriptive retrospective single-center study, the
importance of our study is emphasized by the data presented from 781 fetuses with SUA, including 573
fetuses with isolated SUA.
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Figure legends

Figure 1.

a. Two-dimensional images of normal fetal umbilical cord cross section.

b. Two-dimensional images of SUA fetal umbilical cord cross section.

Figure 2.

a. Normal fetal umbilical cord color blood flow shows two umbilical arteries.

b. SUA fetal umbilical cord color blood flow shows only one umbilical artery.

Table 1. Comparison of maternal characteristics between fetuses with isolated SUAs and fetuses with SUAs
and anomalies and/or chromosomal abnormalities.
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Total(781) Isolated SUA(n=624) SUA with anomalies (n=157) t-value/ χ-value p-value

Body mass index (kg/m2) 23.2±3.4 23.6±3.5 22.1±3.2 1.126 0.2611

Maternal age (years) 28.6±4.7 28.7±4.5 28.3±5.3 0.902 0.3671

Passive smoking 1.710 0.1982

Yes 112 85 27
No 649 527 122
Unknown 20 12 8
Type of conception 4.395 0.0322

Spontaneous 726 629 97
Assisted reproduction 32 23 9
Unknown 23 17 6
Parity 781 624 157 4.445 0.0362

0 527 410 117
1 or higher 254 214 40
1 Mann-Whitney U test; 2 Chi-square test. 1 Mann-Whitney U test; 2 Chi-square test. 1 Mann-Whitney U test; 2 Chi-square test. 1 Mann-Whitney U test; 2 Chi-square test. 1 Mann-Whitney U test; 2 Chi-square test. 1 Mann-Whitney U test; 2 Chi-square test.

Table 2. Comparison of results of ultrasound examination between fetuses with isolated SUAs and fetuses
with SUAs and anomalies and/or chromosomal abnormalities.

Total(781)
Isolated
SUA(n=624)

SUA with
anomalies
(n=157)

t-value/
χ-value p-value

Placental
location

0.593 0.4142

Front wall 327 261 66
Back wall 298 246 52
Side walls 116 95 21
Uterine floor 40 22 18
Low placenta 3 2 1
Placental
structure

781 624 157 0.581 0.3473

Normal 775 620 155
Racket shaped 3 2 1
Sail shaped 3 2 1
Amniotic fluid 781 624 157 20.392 0.0002

Normal 746(95.52%) 607(97.28%) 139(88.54%)
Reduced 22(2.82%) 10(1.60%) 12(7.64%)
Increased 13(1.66%) 7(1.12%) 6(3.82%)
2 Chi-square
test; 3 Fisher’s
exact test.

2 Chi-square
test; 3 Fisher’s
exact test.

2 Chi-square
test; 3 Fisher’s
exact test.

2 Chi-square
test; 3 Fisher’s
exact test.

2 Chi-square
test; 3 Fisher’s
exact test.

2 Chi-square
test; 3 Fisher’s
exact test.

Table 3. Comparison of postnatal outcomes between fetuses with isolated SUAs and fetuses with SUAs and
anomalies and/or chromosomal abnormalities.
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Total(781)
Isolated
SUA(n=624)

SUA with
anomalies
(n=157)

t-value/
χ-value p-value

Outcome 257.83 0.0002

Live birth 709(90.78) 619(99.20%) 90(57.32%)
Intrauterine
demise

8(1.02%) 3(0.05%) 5(3.57%)

Death after birth 5(0.64%) 2(0.03%) 3(2.23%)
Termination 59(7.55) 0 59(%)
Gestational
week (weeks)

38.87±1.39 38.89±1.327 38.67±1.79 1.209 0.2271

SGA (weight

[?]5th

percentile)

48(6.77%) 37(5.98%) 11 (12.22%) 4.848 0.032

Fetal weigh 3.18±0.402 3.201±0.366 3.060±0.577 2.656 0.0081

1 Mann-
Whitney U
test; 2
Chi-square
test.

1 Mann-
Whitney U
test; 2
Chi-square
test.

1 Mann-
Whitney U
test; 2
Chi-square
test.

1 Mann-
Whitney U
test; 2
Chi-square
test.

1 Mann-
Whitney U
test; 2
Chi-square
test.

1 Mann-
Whitney U
test; 2
Chi-square
test.

Table 4. Abnormal organ systems involved in 871 fetuses with SUA (157 fetuses with 209 abnormal organ
systems with at least one structural abnormality).

One organ system abnormal (n = 115) Two organ system abnormal (n = 33) Three organ system abnormal (n = 8) Four organ system abnormal (n = 1) Total (n = 157)

Urinary 33 16 4 0 53 (25.4%)
Cardiovascular 31 13 4 1 49 (23.4%)
Digestive 18 6 4 1 29 (13.9%)
Nervous 8 11 5 1 25 (12.0%)
Skeletal 8 13 3 0 24 (11.5%)
Face and body 10 5 2 1 18 (8.6%)
Other 7 2 2 0 11 (5.3%)
Total 115 66 24 4 209
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