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ABSTRACT
AIM: The purpose of this study was to monitor the association between single umbilical artery (SUA), chro-
mosomal abnormalities and associated anomalies during the routine examination of spontaneous or induced 
miscarriages and premature births. 
METHODS: During 1992–2015 we morphologically and cytogenetically examined a series of 4098 samples. For 
1330 cases the number of umbilical cord vessels could be reported.
RESULTS: The presence of single umbilical artery was identifi ed in 67 fetuses of 1330 pregnancies (5.04 %); 
36 of the 67 fetuses (53.7 %) had additional congenital malformations. The cultures were unsuccessful in 29 of 
67 cases (43.3 %). 38 cases (56.7 %) were successfully karyotyped; 20 out of them had a normal karyotype 
and 18 had chromosomal anomalies including trisomy 18 (n = 4), trisomy 13 (n = 3), trisomy 21 (n = 2), trisomy 
11 (n = 1), triploidy (n = 3), monosomy X (n = 3) and structural chromosomal aberrations (n = 2). 
CONCLUSION: Isolated SUA is not at increased risk of chromosomal abnormalities and generally does not en-
danger pregnancy. All chromosomally abnormal embryos and fetuses had associated congenital anomalies. The 
most frequently associated congenital anomalies were in the musculoskeletal system, central nervous system 
and genitourinary tract (Tab. 4, Ref. 44). Text in PDF www.elis.sk.
KEY WORDS: reproduction losses, single umbilical artery, congenital anomalies, karyotype, chromosomal ab-
normalities.
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Introduction

The umbilical cord contains two arteries and one vein embed-
ded in Wharton´s jelly. The absence of one of the arteries is called 
single umbilical artery (SUA) and is the most common develop-
mental abnormality of the umbilical cord. 

SUA is found in 0.2–2 % of deliveries (1) and occurs three or 
four times more frequently in twin births than in singleton births, 
with no difference between monochorionic (MC) and dichorionic 
(DC) twins (2–7). Delbaere et al (8) stated that umbilical cord 
anomalies are found more frequently in twins originating from 
assisted reproductive technologies. 

Persutte and Hobbins (9) reviewed eight studies of SUA in the 
literature. They reported an incidence of SUA in 1.5 % of spontane-
ous abortuses; in 7 % of pregnancies that were terminated because 
of a severe malformation; in 0.2 % to 1.6 % of euploid fetuses 
who underwent prenatal ultrasound examination; in 9 % to 11 % of 
aneuploid fetuses, and in 0.5 to 2.5 % of uncomplicated neonates. 

The single umbilical artery is reported to be associated with 
an increased risk of congenital anomalies, chromosomal abnor-
malities, fetal growth restriction, premature birth and perinatal 
mortality (10). While some studies have evidenced an increased 
incidence of fetal growth restriction and adverse outcome (3, 11), 
other investigations found no difference in the fetal growth restric-
tion in comparison with a normal three-vessel cord (12, 13). Iso-
lated SUA does not increase the risk of fetal growth restriction in 
uncomplicated singleton pregnancies (14). However, 30–60 % of 
fetuses with SUA will have associated anomalies or chromosomal 
abnormalities. SUA also must be considered with trisomy 13 and 
18, representing two of the most commonly reported associations 
(15, 16). SUA in the second trimester of pregnancy is highly as-
sociated with trisomy 18, 13, 21 and other chromosomal defects 
(17), though according to Leung (1989), trisomy 21 is not com-
monly associated with SUA (17). The most frequent malformations 
involve the skeleton, the central nervous system, the cardiovas-
cular system, the genitourinary system and gastrointestinal tract.

This study aimed to monitor the association between SUA 
and chromosomal abnormalities during the routine examination 
of spontaneous and induced miscarriages and premature birth.

Methods

During 1992–2015 we examined a series of 4098 samples con-
sisting of placental tissue, embryos or fetuses from spontaneous 
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or induced miscarriages and premature births. Vascularisation of 
the umbilical cord vessels was examined in 1330 cases; in the rest 
(2768 samples) the umbilical cord was not present.

The samples were morphologically and cytogenetically inves-
tigated at the Institute of Medical Biology, Genetics and Clinical 
Genetics (Faculty of Medicine, Comenius University, Bratislava, 
Slovakia).

Materials were sent from 1st and 2nd Department of Gynae-
cology and Obstetrics, Faculty of Medicine, Comenius University 

in Bratislava; 1st Clinic of Gynaecology and Obstetrics, Slovak 
Medical University and University Hospital in Bratislava.

The developmental age of the embryo or fetus was determined 
based on its size bearing in mind the differentiation of various 
morphological structures (18, 19, 20).

Single umbilical artery and associated abnormalities were 
examined morphologically and histopathologically after delivery 
in all cases.

The number of umbilical vessels (two or three) was verifi ed 
by histological examination. According to Romero (21), we classi-
fi ed developmental anomalies into 12 groups based on the affected 
organs. For the classical chromosomal analysis, all accessible tis-
sues of embryonic origin (chorionic villi, umbilical cord, amni-
otic membrane, and embryonic or fetal tissues) were cultivated. 
Chromosomes were coloured conventionally and with G-banding.

Results

The presence of a single umbilical artery was identifi ed in 67 
fetuses of 1330 pregnancies (5.04 %). 36 of the 67 fetuses (53.7 
%) had additional congenital malformations.

Additional anomalies affected the musculoskeletal system, the 
central nervous system, the genitourinary tract, the face, the heart, 
the neck, the abdominal wall, the gastrointestinal tract and intraab-
dominal organs (Tab. 1). The number of fetuses and embryos with 
SUA differs from the number of anomalies found because some 
fetuses have more than one anomaly.

In 29 of the 67 cases (43.3 %) karyotyping the cultivation was 
unsuccessful. Congenital malformations were also present in this 
group in 15 cases (48.3 %), including anomalies of the muscu-

Organ system Number of anomalies
Central nervous system  14
Face  12
Neck  7
Heart  11
Abdominal wall  6
Gastrointestinal tract and intraabdominal organs  2
Genitourinary tract  14 
Musculoskeletal anomalies  21
Total number of anomalies 87

Tab. 1. Additional anomalies in spontaneous and induced miscarriages 
and premature births in all SUA cases (n = 67).

Single umbilical artery
 Karyotyping 

No karyotyping
Normal Abnormal

Isolated (n=26) 12  0  14
One defect (n=11)  1  3  7
Multiple defects (n=30)  7 15  8
Total (n=67) 20 18  29

Tab. 2. Karyotype results of fetuses with SUA in the presence and 
absence of other defects.

No. Karyotype Developmental age (weeks) Anomalies
1 46, XY  5
2 46, XX 17 Microform of cleft lip, ventricular septal defect, meromelia, adactyly of left foot
3 46, XY IInd trimester
4 46, XX 17
5 46, XY 16 Meckel diverticulum, horseshoe kidney
6 46, XX  9
7 46, XX 23
8 46, XX 24
9 46, XX 16 Anencephaly, encephalocele, spina bifi da, omphalocele

10 46, XX  7
11 46, XY 17
12 46, XY 25 Bilateral renal agenesis, vitium cordis
13 46, XX 25

14 46, XY 23 Syndactyly of right hand (4+5), adactyly of right hand (1,3), right-lower extremity deformi-
ties, deformities of thorax (8 ribs on the right, 11 ribs on the left), aplasia of right kidney

15 46, XX 25

16 46, XY 20 Micrognathia, tetralogy of Fallot, spina bifi da occulta, agenesis of right kidney, polycystic 
left kidney, dilation of bladder, urethral stricture, upper-extremity phocomelia

17 46, XY 25
18 46, XX 23 Meckel diverticulum, pelvic dystopia, uterus septatus
19 46, XY IInd trimester Vitium cordis
20 46, XY 33

Tab. 3. Aborted fetuses with single umbilical artery and normal karyotype.



Bratisl Med J 2018; 119 (6)

330 – 334

332

loskeletal system, central nervous system, face, abdominal wall, 
neck, heart, and genitourinary tract (Tab. 2). 

38 of the 67 fetuses (56.7 %) were successfully karyotyped; 
20 had a normal karyotype, and 18 had chromosomal anomalies. 

Embryos and fetuses with normal karyotype were in twelve 
cases (60 %) without associated anomalies, in one case we found 
only one associated anomaly (vitium cordis) (5 %), and in seven 
cases (35 %) there were also other developmental anomalies de-
tected (Tabs 2 and 3).

All fetuses with abnormal karyotype (n = 18) had associated 
developmental anomalies including trisomy 18 (n = 4), trisomy 
13, (n = 3), trisomy 21 (n = 2), trisomy 11 (n = 1), triploids (n = 
3), monosomy X (n = 3) and structural chromosomal aberrations 
(n = 2) (Tab. 4). 

Discussion 

Several reports have estimated the birth incidence of SUA 
from 0.2 to 2 % (2–4, 6–7, 22–23). 

Some authors have found that SUA is more frequent in the 
whites than in blacks and Asians. Considering ethnic factors, the 
incidence of SUA in live-born infants was 1.2 % in white infants, 
and the incidence of SUA in live-born black infants was 0.54 % 
(1, 23–25). SUA is less common in the Japanese and more com-
mon in the Eastern Europeans (21–22, 24, 26–27). 

In this study of embryos and fetuses, the incidence of SUA 
was 5.04 %. 

In the 1st trimester (5–11 developmental week) the incidence 
of SUA was 0.98 % (n = 13). In the second and third trimester, 
the incidence was 4.06 % (n = 54). 

Rembouskos (28) specifi es the occurrence of SUA in the 1st 
trimester (11–14 week gestation) to be 5.9 %. In this study, the 

occurrence is lower, which can be caused by the small number of 
received samples in the 1st trimester. 

Lubusky (5) mentions in his study the occurrence in the sec-
ond trimester (16–22-week gestation) to be 4.8 %. 

The occurrence of SUA in the second and third trimester 
(13–33-developmental week) in our study is well comparable to 
his outcome.

Twins are affected three to four times more frequently than 
singletons. The incidence of SUA in twins reported in the litera-
ture varies between 0.8 and 11 % (4, 23). 

In our study, SUA twins occurred only twice. In both cases the 
karyotyping was unsuccessful, and in both cases, SUA occurred 
only in one of the twins. In one case SUA was isolated, while in 
another case SUA was associated with clubfeet.

The association of SUA with intrauterine growth restriction 
(29), preterm delivery, fetal poor obstetric outcomes, and congeni-
tal anomalies has been described. Perinatal mortality is increased 
six times for fetuses with SUA with associated malformations, 
and three times for fetuses without associated malformations (2). 
The presence o f isolated SUA would increase the risk of perinatal 
complications such as small for gestational age, oligohydramnios, 
polyhydramnios and perinatal mortality (30, 31, 32, 33). Newborns 
with SUA are at an increases risk for urogenital anomalies, long-
term respiratory morbidity compared to newborns without SUA 
(34). As umbilical cord anomalies can be diagnosed prenatally, 
awareness and detection of the conditions in the antenatal period 
will improve foetal survival and reduce infant mortality (35).

Among fetuses with SUA 30–60 % will have associated anom-
alies or chromosomal abnormalities (2). 

Lubusky (5) detected associated sonographic abnormalities in 
10.4 %, but Sreekumar in 47.17 % (36), Hermann (37) and Leung 
(38) report the occurrence of abnormalities associated with SUA 

No. Karyotype Developmental age (weeks) Anomalies
1 47, XX, +13 20 Hypertelorism, micrognathia
2 47, XY, +13 21 Vitium cordis, postaxial polydactyly of hands, 
3 47, XY, +13 21 Micrognathia, megaureter, hydronephrosis of kidney, talus verticalis
4 47, XX, +18 11 Pterygium colli
5 47, XY, +18 17 Micrognathia
6 47, XY, +18 11 Syndactyly of hands (3+4), postaxial polydactyly of hands
7 47, XX, +18 IInd trimester Micrognathia, omphalocele
8 47, XY,+21 23 Renal agenesis bilat., 
9 47, XY,+21 23 Hypertelorism, low set ears

10 47, XX,+11 17 Dextrocardia, ventricular septal defect, diaphragmatic hernia, renal pelvis dilation 
11 69, XXX 13 Hydrocephalus, cleft palate, syndactyly of hands (3+4), syndactyly of feet (1+2+3+4+5)
12 69, XXX 13 Hydrocephalus, syndactyly of hand (R,3+4), renal agenesis
13 69, XXY IInd trimester Vitium cordis, syndactyly of hands (3+4)
14 45, X IInd trimester Pterygium colli, vitium cordis
15 45, X 15 Hygroma colli cysticum, swollen hands and feet
16 45, X 23 Hydrocephalus, pterygium colli, clubfoot
17 45, X, 10p+ 8 Microcephaly, pterygium colli
18 46, XX, -5pter 17 Microcephaly, hypertelorism

Tab. 4. Aborted fetuses with single umbilical artery and abnormal karyotype.
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in 64 % and Şener (39) in 66 %. In this study, associated malfor-
mations were present in 41 out of 67 cases (61.2 %), including 6 
cases in the 1st trimester of pregnancy and the others in the 2nd 
and 3rd trimester. Associated malformation in the 2nd trimester 
was present in 64.8 % (35 out of 54), that is slightly higher than 
in other studies (2, 40).

An associated malformation in the 1st trimester was present 
in 46.2 % (6 out of 13). The percentage is higher than that given 
by Martinez-Payo41 who found that 17.6 % of fetuses with SUA 
in the 1st trimester had a foetal malformation. Presumably, the 
percentage can be even higher since the young age of the fetus 
(5–11 developmental week) has to be considered keeping in mind 
the diffi culties of a detailed evaluation of morphology, either be-
cause anatomical development has not been completed or due to 
technical limitations (1, 41). 

The ratio of associated developmental malformations in 1st 
and also in 2nd trimester is higher in our study than the values, 
given the fact that we treated mainly embryos from spontaneous 
abortions and premature births.

The most frequently associated congenital anomalies are geni-
tourinary and cardiac (41). However, the SUA has also been asso-
ciated with other anomalies including the gastrointestinal, central 
nervous system, and other less common ones like diaphragmatic 
hernias, fetal hydrops, musculoskeletal anomalies, extrophy of clo-
aca sequence, sirenomelia sequence, or VATER syndrome (2, 3, 42).

Tasha (43) points out that the incidence of cardiac abnormali-
ties among fetuses with SUA was 20.3 % (37/182). However, ac-
cording to Chen (44), there is no increased incidence of cardiac 
abnormalities among fetuses with isolated SUA. 

In our investigation, according to Şenera’s and Sreekumara´s 
studies, additional anomalies most frequently affected the muscu-
loskeletal system, the central nervous system and the genitourinary 
tract. Furthermore, in our series, anomalies of the face, the heart, 
the neck, the abdominal wall, and the gastrointestinal tract and 
intraabdominal organs were found.

Syndactyly and polydactyly were the most frequent anomalies 
of the musculoskeletal system.

In the central nervous system anencephaly, encephalocele 
and spina bifi da, in genitourinary tract renal agenesis were pres-
ent most frequently. 

Micrognathia was frequent in the group of anomalies of the 
face, cystic hygroma and pterygium colli in the group of anomalies 
of the neck; and of anomalies of the abdominal wall and gastroin-
testinal tract, omphalocele occurred most frequently.

The cardiac abnormality was present in 11 out of 67 (16. 42 %) 
cases of SUA, well in accord with previously published studies that 
reported incidences ranging from 1 to 32 % (6, 15, 19).

These were unspecifi ed vitium cordis (ultrasound examina-
tion), ventricular septal defect, dextrocardia and tetralogy of Fallot.

The association with chromosomal defects occurs in approxi-
mately 10 % of the fetuses with SUA (41). Trisomy 18 is the most 
common. The next most common types of aneuploidy associated 
with SUA are trisomy 13 and trisomy 21. 

In our sample, all embryos with an abnormal karyotype (n = 
18) had associated developmental anomalies as well. In embryos 

with normal karyotype (n = 20), we found associated develop-
mental anomalies in 8 (40 %). We can conclude that all embryos/ 
fetuses with isolated SUA had a normal karyotype. Of embryos/
fetuses with an associated anomaly (n = 26), 18 cases (69 %) had 
abnormal karyotype, and 8 cases (31 %) had a normal karyotype.

These results do not differ from the literature (5, 41), where 
chromosomal alterations were not found in fetuses with isolated 
SUA, and all chromosomally abnormal fetuses with SUA had as-
sociated malformations. However, in accordance with our results, 
some embryos with SUA and the associated anomaly had a normal 
karyotype as well (16).

SUA can be considered a marker of foetal malformations and 
chromosomal alterations. If there are any foetal malformations 
found, the risk of chromosomal abnormalities is increased. In 
cases of isolated SUA, there is no evidence of increased risk of 
chromosomal abnormalities.

The study is the fi rst which deals with SUA and associated 
anomalies in Slovakia. Based on the fact that our set is rather big, 
we assume that the results are relevant and can help with the man-
agement of pregnancy. Our results are comparable to the literature 
from Europe, and the differences are because our set was obtained 
only thank to reproduction losses. 
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