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The umbilical cord forms a stable connection between the fe-
tus and the placenta at the feto-maternal interface [1]. The cord 
develops between the third and seventh week following concep-
tion and usually comprises two umbilical arteries and one um-
bilical vein [2]. However, the presence of only a single umbili-
cal artery (SUA) is the most common umbilical cord abnormality 
and occurs in 0.2%–1.2% of live newborns [3].

The definitive diagnosis can be made histologically by the vi-
sualization of only two umbilical cord vessels. Prenatal diagnosis 
of SUA can be made using antenatal visualization of the umbil-
ical cord using ultrasonography, especially with color Doppler 
flow imaging [1]. SUA incidence varies between studies and 
tends to be higher in aborted fetus and autopsy studies [4,5].

Although its pathogenesis is not clearly understood, three the-
ories have been put forth to explain the occurrence of SUA. One 
theory attributes SUA occurrence to primary agenesis of one ar-

tery, a second theory proposes atrophy or secondary atresia of a 
formerly normal umbilical artery as the cause, and the third the-
ory implicates a persistent allantoic artery in the pathogenesis of 
SUA. From an embryological perspective, the second theory is 
the most plausible explanation [5].

An SUA is more frequently encountered in conjunction with 
a wide variety of other anomalies instead of as an isolated SUA 
(iSUA) [6]. Although other malformations are present in 10%–
27% of cases of SUA, documented findings lack consistency 
[4,7,8]. The reported incidences of SUA with and without asso-
ciated comorbidities in live births, either at term or pre-term, 
vary substantially among studies [4,9-12]. The ability to predict 
poor perinatal outcome and presence of other congenital malfor-
mations is often questioned [13].

Therefore, this study aimed to evaluate the association between 
SUA and other congenital malformations at the time of perinatal 
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autopsy and to ascertain the existence of any preferential associ-
ations between SUA and specific anomalies.

MATERIALS AND METHODS

Study design

This was a retrospective study performed at Jawaharlal Nehru 
Medical College and Research Centre, Belagavi, India. We eval-
uated records of all fetuses sent for autopsy to the Department of 
Pathology during the 10-year period from 2013 through 2022 
(n = 1,277). The data were obtained from the hospital pathology 
laboratory records. The cases were either intrauterine deaths or 
abortions due to the detection of congenital anomalies. The pres-
ence of SUA was confirmed by histopathological examination of 
the umbilical cord (Fig. 1).

Information on gestational age at delivery, twinning, sex, and 
the presence of significant congenital anomalies was reviewed. 
The congenital anomalies were grouped by organ or system for 
analysis and included cardiovascular, urinary tract, nervous sys-
tem, gastrointestinal tract (GIT), musculoskeletal, and lung 
anomalies.

Statistical analysis

The odds ratio (OR) and chi-square test were used for data 
analysis using SPSS ver. 23.0 (IBM Corp., Armonk, NY, USA). 
The OR and its 95% confidence interval (95% CI) were used to 
express the risk for incidence of a specific congenital abnormali-
ty related to SUA. The significance level was set at p < .05.

RESULTS

A SUA was found in 8.6% (110/1,277) of the autopsies. The 
gestational age of the fetuses ranged between 13 to 40 weeks. 

Three cases of SUA were twins; and, in each of these cases, the 
co-twin had three vessels. An iSUA was present in 44 cases 
(3.4%). Of the 110 cases with SUA, 60.0% (n = 66) had other 
congenital anomalies. There was a significant association be-
tween birth defects and SUA cases (p < .001) (Table 1).

The incidence of SUA was 4.5 times higher in malformed fe-
tuses (21.4%, 66/308) than in fetuses without abnormalities 
(4.5%, 44/969). 

A strong association with SUA was seen for urinary tract, 
lung, GIT, and musculoskeletal anomalies. The most associated 
anomaly was urinary tract defect; this was 4.7 times more likely 
to occur in SUA cases (OR, 4.7; 95% CI, 2.61 to 8.32; p < .001) 
(Table 2).

Anomalies of the cardiovascular system (CVS) and central ner-
vous system (CNS) did not show significant associations with 
SUA (p > .05).

The congenital anomalies observed in the SUA group includ-
ed 14 cases of anal atresia (12.7%), 12 cases of unilateral renal 
agenesis (10.9%), 11 cases of vertebral defects (10.0%), and 10 
cases of anencephaly (9.0%). Other anomalies found along with 
SUA were eight cases of pulmonary hypoplasia (7.2%), six cases 
of diaphragmatic hernia (5.4%), six cases of sirenomelia sequence 
(5.4%), and six cases of multi-cystic dysplastic kidney (5.4%).

The urinary tract defects found in the SUA cases in this study 
were unilateral renal agenesis (n = 12), multi-cystic dysplastic 
kidney (n = 6), hydronephrosis (n = 5), horseshoe kidney (n = 5), 
bilateral renal agenesis (n = 4), urinary bladder agenesis (n = 3) 
and congenital megacystitis (n = 2). The lung defects included 
pulmonary hypoplasia (n = 8) and congenital cystic adenoma-
toid malformation (n = 1). The gastrointestinal defects included 
anal atresia (n = 14), diaphragmatic hernia (n = 6), omphalocele 
(n = 3), gastroschisis (n = 2), and esophageal atresia (n = 1). The 
musculoskeletal defects found were vertebral defects (n = 11), si-
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Fig. 1. Cross-section of an umbilical cord. (A) Microscopic image showing a single umbilical artery and one umbilical vein (hematoxylin and 
eosin). (B) Two vessels seen in the umbilical cord on the slide.
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renomelia (n = 7), talipes equinovarus (n = 4), cleft lip and/or 
palate (n = 4), and phocomelia (n = 1). CNS defects included an-
encephaly (n = 10), meningomyelocele (n = 5), congenital hydro-
cephalus (n = 3), spina bifida (n = 3), and encephalocele (n = 2). 
CVS defects included ventricular septal defect (n = 4), dextro-
cardia (n = 4), tetralogy of Fallot (n = 3), tricuspid atresia (n = 1), 
coarctation of the aorta (n = 1), and atrial septal defect (n = 1).

The results of our study showed 9.1% (10/110) of SUA cases 
had a VACTERL (vertebral anomalies-anal atresia-cardiac de-
fects-tracheoesophageal fistula and/or esophageal atresia-renal 
anomalies-limb defects) association.

Of the 110 cases of SUA, 58 were male, 42 were female and 
10 had ambiguous genitalia. Ambiguous genitalia were seen in 
10.6% of SUA cases as compared to 2.1% of double umbilical 
artery cases (Table 3).

DISCUSSION

Estimates regarding malformations associated with SUA exhib-
it a marked degree of variation in different studies. This might 
be the result of different sampling sources and sample sizes or 
other methodological variations.

Information on SUA and its association with congenital ab-
normalities has primarily originated from two sources: (1) abor-
tions, fetal deaths, and terminations of fetuses with anomalies 
and (2) live births [4].

Besides a less frequent association of congenital abnormalities 

with SUA, the incidence of SUA is lower in live births. Live 
births often show a reduced incidence and frequency of associat-
ed abnormalities because most of the affected fetuses have been 
aborted or terminated during pregnancy. This difference is high-
lighted by a meta-analysis of these data in which the incidence 
of SUA in the autopsy data sets approximates at 0.34%–7% and 
the associated anomalies at 0.25%–81.8% (generally 20%–25%) 
[14-18]. Additionally, there are temporal disparities between 
the studies that led to variations in the methods of detection and 
diagnosis.

Our study found an incidence of SUA at perinatal autopsy of 
8.61%, which is comparable to the Nayak et al. study’s [19] re-
ported incidence of 7.9%.

Congenital anomaly was observed in 60% of the SUA group, 
significantly higher than in the “non SUA” group. This was con-
sistent with the findings of Froehlich and Fujikura in which 53% 
of SUA cases involved other malformations [20]. Lilja [8] re-
ported a 4.3-times higher risk of associated abnormalities in 
SUA cases; our study revealed a threefold increase in the risk.

In our study, urinary tract anomalies of varying severity were 
present in 35% of the SUA cases and indicated a strong associa-
tion between urinary tract anomalies and SUA. This was con-
sistent with most of the results reported by others [21-23]. This 
highlights the magnitude of urinary tract anomaly occurrence 
in these fetuses, but the pathogenesis and etiology of the associ-
ation remain unclear.

In our study, the congenital anomalies associated with SUA 
included anal atresia, unilateral renal agenesis, vertebral defects, 
and anencephaly in decreasing frequency. These findings were 
consistent with those of another study in which renal agenesis, 

Table 1. Congenital anomalies in the SUA and normal umbilical cord groups

With SUA (n = 110) Without SUA (n = 1,167) Chi-square p-value

Total autopsy with birth defects (n = 308) 66 (60.0) 242 (20.7) 84.674 < .001
Total autopsy without birth defects (n = 969) 44 (40.0) 925 (79.2)

Values are presented as number (%) unless otherwise indicated.
SUA, single umbilical artery. 
p < .05 was considered statistically significant.

Table 3. External genitalia status of fetuses in all autopsies

SUA group 
(n = 66)

DUA group 
(n = 242)

Chi-square p-value

Female 23 (34.8) 101 (41.7) 10.343 .005
Male 36 (54.6) 136 (56.2)
Ambiguous 7 (10.6) 5 (2.1)

Values are presented as number (%) unless otherwise indicated.
SUA, single umbilical artery; DUA, double umbilical artery. 
p < .05 was considered statistically significant.

Table 2. Risks of congenital anomalies associated with SUA

Birth defect 
system

With SUA 
(n = 66)

Without SUA 
(n = 242)

OR (95% CI) p-value

CNS 23 (34.8) 109 (45.0) 0.653 (0.371–1.150) .140
Urinary tract 39 (59) 57 (23.5) 4.688 (2.642–8.319) < .001
Lungs 9 (13.6) 13 (5.37) 2.781 (1.133–6.828) .026
CVS 14 (21.2) 31 (12.8) 1.833 (0.909–3.691) .090
Gastrointestinal 16 (24.2) 25 (10.3) 2.778 (1.381–5.587) .004
Musculoskeletal 27 (40.9) 61 (25.2) 2.054 (1.162–3.633) .013

Values are presented as number (%) unless otherwise indicated.
SUA, single umbilical artery; OR, odds ratio; 95% CI, 95% confidence in-
terval; CNS, central nervous system; CVS, cardiovascular system. 
p < .05 was considered statistically significant.
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imperforate anus, and vertebral defects were the most specific 
defects associated with SUA [24]. A population study from Nor-
way also reported a strong association between SUA and gastro-
intestinal atresia [25].

A study in mice showed that Hedgehog genes play a key role 
in the development of the feto-placental interface (arteries) and 
the visceral endoderm/hindgut [26]. This supplies a plausible 
explanation for the spectrum of malformations in the GIT asso-
ciated with SUA in our study.

Anomalies of the CVS and CNS did not show a significant 
association with SUA in our study. This finding agreed with an 
analysis of autopsied fetuses with SUA that showed lesions of 
the CNS and CVS are least frequent in SUA cases [22].

Ambiguous genitalia were seen in 10.6% of SUA cases as com-
pared to 2.1% of non-SUA cases in our study. This high occur-
rence in SUA cases could be due to the autopsy-based nature of 
this study; cases of ambiguous genitalia with other defects or 
chromosomal abnormalities may have been more likely to be de-
tected prenatally and sent for autopsy. Therefore, the association 
cannot be directly attributed to SUA and should be tested in 
future studies.

Our findings suggest that SUA detection should be accom-
plished as early as possible because of its association with other 
congenital malformations. 

One strength of the study was the large sample size. This is 
attributable to the referral nature of the hospital. Also, the de-
tection of SUA in this study was highly sensitive and specific. 
This was achieved through histopathological examination of 
the umbilical cord in autopsied specimens.

The typical drawbacks of retrospective research apply to this 
study as well. Since healthy and surviving infants were not part 
of the study sample, an extrapolation of the findings to the gen-
eral population mandates population-based studies.

We found an SUA in 8.61% of the perinatal autopsies. The 
overall prevalence of congenital anomalies in association with 
SUA was 60%, significantly greater than iSUA cases. Therefore, 
careful examination for other anomalies in SUA cases is impera-
tive; detailed ultrasonography, echocardiography, and amniocen-
tesis need to be used when an SUA is discovered during routine 
ultrasound. The findings of this study should be helpful for 
counseling expectant mothers and their families in cases of an 
SUA. We conclude that the identification of an SUA necessitates 
a thorough examination of the fetus for any other anomalies. 
Karyotyping for the detection of associated chromosomal abnor-
malities is a topic for future study.
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