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Abstract: The umbilical cord, comprising three vital blood vessels, serves as the lifeline between
mother and fetus. Prenatal care emphasizes detailed ultrasound examinations of the umbilical cord
and postnatal inspections of the placenta and cord to preemptively address potential complications.
Studies have consistently shown a significant link between a single umbilical artery and unfavorable
perinatal consequences, such as mortality and congenital abnormalities. Conversely, the impact of
additional vessels remains uncertain. This review is dedicated to enhancing our understanding and
refining diagnostic and therapeutic approaches in prenatal healthcare. The objective is to identify
knowledge gaps and propose evidence-based solutions to improve care for pregnant women and their
unborn babies. The presence of a single umbilical artery in prenatal diagnosis may signify potential
risks for fetal anomalies and adverse pregnancy outcomes such as hemodynamic instability, ischemia,
and an increased likelihood of intrauterine growth restriction. Additionally, even the presence of
supernumerary vessels may be associated with fetal malformations. Serial fetal evaluations are
recommended for detecting anomalies and monitoring fetal growth throughout pregnancy. Despite
the generally benign nature of isolated SUA and supernumerary vessels, close monitoring and
comprehensive prenatal care are essential to ensuring optimal outcomes for both mother and baby.

Keywords: umbilical cord; supernumerary vessels; single umbilical artery; chromosomal abnormalities;
fetal malformations

1. Introduction

The umbilical cord is a deciduous anatomical formation that allows the attachment
between mother and fetus, from the center of the placental bulk onto the umbilicus of the
fetus [1]. The amniotic membrane crafts a cylindrical casing that houses a pair of umbil-
ical arteries and a single umbilical vein in the normal umbilical cord. This arrangement
facilitates the conveyance of oxygen and vital nutrients from the maternal blood supply to
the fetal circulatory system [2], simultaneously eliminating waste products from the fetal
circulation. The number of vessels in the umbilical cord can be easily evaluated at the site
of insertion of the cord in the fetus using color doppler to identify the vessels around the
bladder or, alternatively, identifying a free ring of the umbilical cord in cross-section [3].
Irregularities concerning the quantity of vessels can manifest in both the umbilical artery
and vein, appearing either in surplus or deficiency. The single umbilical artery is the most
common abnormality of the umbilical cord vessels, found in about 1% of single pregnan-
cies [4] and up to 5% in twin gestations [5,6]. The finding of a single umbilical artery is
probably a consequence of a primary agenesis or thrombotic atrophy of an umbilical cord
artery [7] and is strongly associated with the risk of perinatal death, stillbirth, and fetal mal-
formations [8,9] (mainly in the cardiovascular, gastrointestinal, and genitourinary systems).
In addition, if there are diffuse abnormalities in multiple organs, the risk of chromosomal
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abnormalities increases considerably [10]. The term “supernumerary umbilical vessels”
refers to a specific state characterized by the presence of four or more umbilical cord vessels
resulting from an additional artery or vein. Meyer et al. [11], despite there being no specific
incidence of this rare finding, stated that the likelihood of encountering an additional
fourth vessel within the umbilical cord is greater than the likelihood of encountering a
solitary umbilical artery. A high frequency of fetal irregularities and unfavorable obstetric
results is associated with the occurrence of an extra umbilical vein [12]. However, various
studies have documented instances where a supernumerary umbilical cord, comprising
two arteries and two veins, was present without any fetal abnormalities [13].

2. Materials and Methods

An initial systematic exploration of databases such as Medline, PubMed, and Scopus
was undertaken. Publications without a limit on the timeframe were selected. The following
set of search terms were included: Pathological number of vessels in the umbilical cord OR
Single umbilical artery OR Four vessels umbilical cord AND Perinatal outcomes OR Fetal
malformations OR Chromosomal abnormalities (Title/Abstract). Following the removal of
duplicate entries, the authors proceeded with a preliminary review of titles and abstracts
to evaluate their alignment with the review’s objectives. This preliminary phase involved
sifting through titles and abstracts, culminating in the selection of 21 pertinent articles
(Figure 1). These chosen studies form the bedrock of a narrative review designed to dissect
and elucidate the nuanced impacts that anomalies in umbilical cord vessel count exert on
perinatal outcomes.

|

< Identification of studies via databases and registers >
Records identified from databases Records removed before
PubMed, Scopus, Embase screening:
(n=182) Duplicate records removed (n=20)

Records screened (n =162)

Records excluded (from abstract):

Full text not available (n=12)
Out of topic (n=75)

}

Records assessed for eligibility
(n=75)

I

Records included in the review
(n=21)

Records excluded (from full test
assessment)
Out of topic (n =54)

Figure 1. Article selection flow chart.

3. Results and Discussion

Table 1 summarizes the main results of the included studies.

Clausen et al. [14] conducted a comprehensive review, focusing on the correlation
between umbilical cord structural abnormalities and antenatal fetal demise. They looked at
9 studies with a total of over 2500 births and found a strong link between single umbilical
artery (SUA) and fetal anomalies. This link accounted for 19.2% of cases and frequently led
to perinatal death at a rate of 6.4%. However, there were no notable differences in birth
weights or prematurity rates among infants with SUA delivered normally, contradicting
some previous claims [15]. The authors highlighted that the presence of SUA in the
umbilical cord could impede fetal circulation, leading to blood flow resistance and potential
fetal oxygen deprivation. They emphasized the importance of specialized obstetric care
for fetuses with SUA to reduce the risk of intrauterine mortality, especially given the
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early detection capabilities of ultrasound examination [16]. Furthermore, three individual
instances of dual umbilical vein cords were documented. While one neonate had an
uneventful delivery [17], the others presented with various congenital anomalies [12,18].
However, Meyer et al. [11] and Nadkarni et al. [19] discovered small extra vessels in
umbilical cords, unrelated to any problems, suggesting that they could be remnants of
early development.

Lei et al. [20] detailed a case involving a four-vessel umbilical cord consisting of
two arteries, two veins, and a vein varix supplying the right portal vein. A physical
examination revealed no abnormalities in the newborn, a healthy male born at 38 weeks
and 5 days gestation, with Apgar scores of 10/10 at both 1 and 5 min. After reviewing the
existing literature, the authors discovered severe congenital abnormalities associated with
the presence of a supernumerary umbilical cord vessel. Three of the eight cases showed
abnormalities in the venous system, and one case had a single umbilical artery. Four of the
newborns died at birth, a recorded adverse outcome.

Even though this case had a good outcome, the authors stressed that a supernumerary
vein and vein varix are some signs of bad prenatal outcomes, especially when they are
present with other congenital abnormalities. Additionally, upon detecting umbilical cord
abnormalities, they advocated for a comprehensive prenatal examination and ultrasound
follow-up to exclude further congenital anomalies.

Arora et al. [21] presented a case involving a full-term neonate born through spon-
taneous vaginal delivery at 38 weeks of gestation with a prior prenatal diagnosis of a
four-vessel umbilical cord (comprising two arteries and two veins). The infant was ad-
mitted to the Neonatal Intensive Care Unit (NICU) due to meconium-stained fluid and
respiratory failure, with Apgar scores of 5, 6, and 8 at 1, 5, and 10 min, respectively. An
echocardiogram conducted the day after birth revealed a mild hypoplasia of the aortic
arch without signs of aortic coarctation, along with a small oval foramen. A month later, a
follow-up examination found no abnormalities except for the persistent oval foramen.

The authors underscored the importance of thorough neonatal evaluations, including
a detailed examination of the umbilical cord. In cases where pathological abnormalities
such as supernumerary vessels are detected, they recommend abdominal and cardiac
ultrasound examinations to rule out any associated malformations.

In a case study by Pérez-Cosio et al. [13], a neonate with a prenatal ultrasound di-
agnosis of a 4-vessel umbilical cord was delivered via cesarean section at 38 weeks and
3 days gestational age. At birth, the infant weighed 3240 g and had normal Apgar scores
(8and 9 at 1 and 5 min), as well as normal cord gas values. Physical examinations during
hospitalization and at an 18-month pediatric follow-up revealed no anomalies. Upon
reviewing cases from the literature [22-30], the authors noted that structural abnormalities
were only present in half of the newborns with supernumerary vessels in the umbilical
cord. Therefore, the authors emphasized the importance of fetal ultrasound for the early
detection of a multivascular umbilical cord, while also acknowledging that it may not
always be associated with unfavorable outcomes.

In a case study conducted by Kurakazu et al. [26], a healthy infant girl, weighing 2726 g,
was delivered spontaneously by a 37-year-old Japanese woman. The newborn received
Apgar scores of 9 at 1 min and 10 at 5 min following birth. Upon an inspection of the
umbilical cord, the fetal attachment site revealed four vessels (two arteries and two veins),
while the placental attachment site revealed the typical three vessels (two arteries and one
vein). Notably, antenatal fetal ultrasound screenings detected no additional congenital
abnormalities, and this remained consistent upon birth. The authors stressed the challenge
in identifying supernumerary umbilical veins, advocating for comprehensive cord analysis
by the second trimester. This should include examinations at key sites to improve anomaly
detection and facilitate appropriate management during pregnancy.

Gestational hypertension and oligohydramnios complicated a 27-year-old woman’s
pregnancy in Garg et al.’s case study [27], necessitating an emergency cesarean section
at 34 weeks due to fetal distress. Despite concerns about potential anomalies associated
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with umbilical cords featuring five or more vessels, the newborn, weighing 1.6 kg, showed
stability without congenital issues. Placental histopathology revealed chorangiosis, charac-
terized by additional blood vessels in the placental tissue. The umbilical cord exhibited four
arteries, one vein, and omphalomesenteric duct remnants, consistent with chorangiosis.
Clinicians considered the broader clinical context, including the patient’s conditions, in
deciding on the cesarean section. This case emphasizes the importance of comprehen-
sive evaluation and personalized management in obstetric care, indicating the need for a
nuanced approach beyond singular anatomical findings [28].

In their report, Puvabanditsin and colleagues [29] documented a unique case involving
an infant with a four-vessel umbilical cord, comprising two arteries and two veins. The
infant, delivered by cesarean section due to fetal distress, weighed 2730 g and was born at
39 weeks of gestation, with Apgar scores of 8 and 9 at 1 and 5 min, respectively. Prenatal
sonography conducted at 17 weeks and 2 days revealed multiple fetal abnormalities—
notably, cerebellar vermis agenesis, abnormal cardiac anatomy, and heterotaxy syndrome.
These problems were confirmed by postnatal sonography, which also found dextrocar-
dia, situs ambiguous, a right-dominant atrioventricular canal, a common atrium, and a
hypoplastic left ventricle. Comparing their findings with the existing literature [26-29],
the authors noted varied outcomes. Two of the six analyzed case reports reported seri-
ous congenital abnormalities in fetuses, while others either reported no fetal anomalies
or lacked comprehensive screening for anomalies. This underscores the significance of
comprehensive screening upon identifying umbilical cord abnormalities, which guarantees
the prompt detection and suitable handling of potential fetal anomalies.

A study by Aoki et al. [30] at Shimane Medical University Hospital (1993-1995)
aimed to explore the correlation between umbilical cord vessel abnormalities and fetal
malformations. They examined 444 pregnant Japanese women (24-32 weeks of gestation)
using routine obstetric ultrasound. Doppler ultrasonography was employed to detect
aberrant umbilical vessels. Prenatal sonography revealed three cases of discordant umbilical
artery, two cases of four vessels in the umbilical cord (FVUC), and a single case of a single
umbilical artery (SUA), totaling six cases (1.4%). Two (33.3%) of these cases had fetal
anomalies. Notably, all infants with aberrant umbilical vessels were female, though the
reason remained unexplained, likely due to the limited sample size. The authors concluded
that a routine ultrasound screening of the umbilical cord can aid in the prenatal diagnosis
of fetal abnormalities.

In a case report by Beck et al. [31], a neonate was delivered vaginally at 42 weeks by
an 18-year-old woman after receiving antibiotics for fever. Weighing 4200 g, the newborn
received favorable Apgar scores. Post-birth, the infant developed septic shock due to
an E. coli infection detected in the blood and cerebrospinal fluid, requiring mechanical
ventilation. Despite challenges, physical exams and ultrasounds revealed no abnormalities
in the heart or kidneys. The authors thought that the unexpected discovery of a five-vessel
umbilical cord might mean that, as the fetus grows, the internal iliac artery might grow
extra branches that reach the navel, creating extra umbilical arteries. This hypothesis sheds
light on the potential mechanisms behind the observed umbilical cord anomaly.

In an 18-month study by Abuhamad et al. [32], the correlation between specific umbil-
ical artery absence and congenital anomalies in fetuses with a single umbilical artery (SUA)
was explored. Initial ultrasounds identified 77 SUA cases, confirmed by a second operator.
The ultrasound findings classified them into three categories: no anomalies, additional
anomalies, or complex abnormalities. Results showed that 73% had a missing left artery,
with 29% anomalies, while 27% had a missing right artery, with 19% anomalies. Among
these, 55% had isolated anomalies, and 45% had complex ones, mostly with the left artery
missing. Cytogenetic analysis revealed trisomy 18 in four cases, trisomy 4 in one case,
and triploidy in one case, all of which were associated with the absence of the left artery.
Targeted ultrasonography and genetic counseling were recommended for infants with
malformational anomalies showing karyotype alterations, according to the authors.
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Cairns et al. [33] conducted a prospective study at Toronto East General Hospital from
April to October 1962 to explore the occurrence of a single umbilical artery (SUA) and its
link to congenital abnormalities. Out of 2024 deliveries, 20 infants had SUA, but only 2 had
accompanying congenital malformations initially overlooked during neonatal examination.
Conversely, 31 babies with the normal 2 umbilical arteries displayed congenital malforma-
tions. Previous research has linked the association between SUA and congenital anomalies
to oxygen deprivation during organ development. However, the study findings suggest
that most infants with SUA do not manifest congenital malformations, indicating adequate
compensation by the single artery. The study’s results, which revealed a higher incidence
of fetal malformations in infants with the typical two umbilical arteries, challenged the
hypothesis that suggests SUA as a part of a broader spectrum of organ malformations.

In a retrospective study by Saller et al. [34], conducted at the University of Maryland
between 1982 and 1989, the potential link between a single umbilical artery and aneu-
ploidy was investigated. Based on amniocentesis and tissue culture samples, an analysis
of chromosomally abnormal pregnancies found 109 cases, but only 53 (48.6%) had full
pathological follow-up.

Six (11.3%) of these cases exhibited a significant association (p = 0.033) between a
single umbilical artery and specific cytogenetic abnormalities—notably, trisomy 18 in
two cases (33.3%) and trisomy 13 in another two cases (33.3%). Interestingly, none of the
18 cases of trisomy 21 within the sample exhibited a single umbilical artery. The authors
concluded that prenatal ultrasound examinations could benefit from assessing the number
of umbilical vessels when diagnosing congenital malformations, as this information might
guide cytogenetic diagnosis effectively.

Battarbee et al. [35] conducted a retrospective cohort investigation at Northwestern
Memorial Hospital with the aim of resolving inconsistencies in previous research regarding
the potential link between a singular umbilical artery (SUA) and two adverse perinatal
outcomes: being small for gestational age (SGA) and preterm birth [36-41]. Their study
defined SGA as infants born with weights below the 10th percentile and delineated preterm
birth as deliveries transpiring prior to 37 completed weeks of gestation due to medical indi-
cations [42-45]. They compared 219 pregnancies with isolated SUA with 219 pregnancies
with normal umbilical cords from 2007 to 2014. Exclusion criteria included aneuploidy,
multifetal pregnancies, and deliveries outside the hospital. Results showed a significant
association (p < 0.001) between SUA and lower birth weight, with a higher incidence of
SGA, often linked to pregnancy-induced hypertension. Infants with SUA weighed 284 g
less on average than the control group, suggesting potential issues with placental function
rather than improved blood flow through the remaining umbilical artery [42—45].

Predanic et al. [36] conducted a retrospective case—control study to investigate if pre-
natally diagnosed isolated single umbilical artery (SUA) correlated with a higher incidence
of small for gestational age (SGA) at birth. Analyzing 84 SUA pregnancies at Weill Medical
College of Cornell University, New York, from July 1999 to September 2004, they compared
them with matched infants with confirmed three-vessel umbilical cords. Exclusions in-
cluded fetal malformations, chromosomal abnormalities, multifetal pregnancies, and the
absence of SUA at delivery. Results showed no significant difference in mean birth weights
between SUA and control groups, with comparable rates of SGA (7.1% vs. 4.8%). Prenatal
ultrasound revealed fetal growth restriction in 50% of SUA cases and 25% of controls.

Johnson et al.’s 2003 review [46] examined two-vessel cords, known as single umbilical
arteries (SUA), and their link to genitourinary anomalies. Studies revealed that SUA occurs
in approximately 0.63% of singleton pregnancies. Factors like maternal age, neonatal
sex, multiple gestations, aneuploidy, race, maternal habits (e.g., smoking, drug use), and
ethnicity influence SUA development. While maternal age and neonatal sex show no
significant impact, maternal drug use, smoking, and multiple gestations elevate the risk.
Ethnicity also plays a role, with Eastern Europeans having higher SUA rates and Japanese
having lower rates. Genitourinary anomaly incidence varies widely (0-33%) [41,47-49],
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with vesicoureteral reflux commonly associated, while other defects are typically minor
and non-life threatening.

The 2010 retrospective cohort study [41] by Hua et al. looked into whether pregnancies
with a single umbilical artery (SUA) had a higher risk of intrauterine growth restriction
(IUGR) and kidney and heart problems compared to pregnancies with two umbilical
arteries. Analyzing data from Washington University from 1990 to 2007, they found 392 sin-
gleton SUA pregnancies, with 281 isolated defects and 111 associated malformations. While
maternal age, gravidity, and preeclampsia rates were similar, SUA pregnancies were associ-
ated with smoking, chronic hypertension, and pre-existing diabetes. Multivariate analysis
revealed a twofold increased risk of IUGR with SUA, even after excluding other anomalies.
Due to the heightened IUGR risk, the study recommends serial growth assessments for
SUA pregnancies to manage and time delivery appropriately.

In a retrospective clinical trial led by Heifetz et al. [47], the Division of Pathology at
Cincinnati Children’s Hospital Medical Center in Cincinnati aimed to compare the clinical
and placental characteristics of placentas with a single umbilical artery (SUA) to those with
a three-vessel umbilical cord. Histological analysis was conducted on 55 consecutive SUA
placentas (Group 1) and 655 3-vessel umbilical cord placentas (Group 2) using hematoxylin
and eosin (H&E) staining and CD 34 immunostaining, following Amsterdam criteria.
Group 1 exhibited a higher prevalence of variable decelerations, thin umbilical cords,
edematous cords, and velamentous insertion compared to Group 2. Group 2 was more
likely to have hypercoiled dual umbilical arteries. In Group 1, high-grade distal fetal
vascular malperfusion (FVM) was more common. New distal villous malperfusion showed
clustered endothelial fragmentation, and established malperfusion showed hyalinized and
avascular clusters. SUA was associated with an increased risk of various types of distal
villous FVM, suggesting a distinct pathogenesis that could potentially link to fetal issues
associated with SUA. The topic of vascular malperfision is recurrent in the included studies
and deserves, according to the authors, major attention and further investigation in the
case of sovrannumerary vessels in the umbilical cord.

In 1995, Parilla et al. [50] conducted a retrospective cohort study on pregnancies with
a single umbilical artery (SUA), analyzing data from January 1991 to June 1994. Among
50 cases, 17 (34%) underwent invasive prenatal diagnosis, with normal findings, except for
1 neonate diagnosed with anomalous pulmonary venous return. Despite complications like
placenta previa and preterm labor at 32 weeks and 4 days, this neonate thrived without
issues at 3.5 years with a normal karyotype. Although SUA has occasionally been associated
with congenital malformations, a consistent pattern has yet to emerge, according to the
authors. Thus, detecting isolated SUA should prompt a thorough ultrasound examination
to rule out associated anomalies. The authors recommend against genetic testing unless
other anomalies are present, as the risk of chromosomal abnormality with isolated SUA
cannot be determined. Remarkably, the study’s incidence of small for gestational age
(SGA) babies (12%) and preterm delivery (14%) aligned with expected frequencies in the
general population.

In their 2010 retrospective analysis, Horton et al. [38] compared 68 pregnancies with
an isolated single umbilical artery (SUA) to 68 pregnancies with a standard three-vessel
cord (3VC). The study aimed to ascertain if isolated SUA pregnancies carried a higher risk
of adverse perinatal outcomes. Neonates with isolated SUA showed significantly lower
birth weights (3279 +/— 404 g vs. 3423 +/— 374 g, p = 0.016) and a lower ponderal index
(PI) compared to their 3VC counterparts (p = 0.001). Though rates of small for gestational
age (SGA) infants did not significantly differ (17.6% vs. 8.8%, p = 0.06), SUA neonates had
longer NICU stays. Findings suggest that infants with isolated SUA face heightened risks of
prolonged NICU stays and impaired intrauterine growth. The authors recommended serial
assessments for fetal growth, despite not finding any disparity in SGA rates. Moreover, the
authors propose further studies to explore postnatal catch-up growth and long-term health
implications in SUA neonates.
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In 2011, Kondi-Pafiti et al. [51] analyzed 1570 stillborn fetuses for a study at the Pathol-
ogy Laboratory of Aretaieion University of Athens. Of these, 24 cases exhibited a single
umbilical artery (SUA), indicating a 1.6% incidence rate. Notably, 21 of these cases presented
complex congenital anomalies, with 5 showing chromosomal anomalies. A histological
study of the placenta showed important findings, such as large infarcts, signs of prema-
turity, severe chorioamnionitis, fibrin accumulation, and chorioangiosis. Fetal gestational
ages ranged from 15 to 33 weeks, and maternal ages spanned from 17 to 44 years. The au-
thors proposed thrombotic regression as a potential pathogenesis, leading to hemodynamic
instability and fetal ischemia. They emphasized the importance of comprehensive fetal
evaluation for congenital anomalies in the cases of SUA prenatal diagnosis, recommending
thorough ultrasound and karyotyping investigations alongside Doppler ultrasound for
detecting intrauterine growth restriction (IUGR) in the third trimester, enabling the early
detection and appropriate management of associated fetal complications.

In 1996, Moore et al. [52] documented four cases of intra-abdominal fetal umbilical
vein abnormalities at the Hospital for Sick Children, Toronto, Canada. These included
diverse anomalies such as a persistent right umbilical vein, an abnormal umbilical vein de-
scending and joining the right iliac vein, an extrahepatic umbilical vein varix, and a dilated
intra-abdominal umbilical vein. Based on their characteristics, the authors classified these
abnormalities into three groups. Additional cases reported by Jeanty et al. [53] exhibited
varying associations with congenital malformations, including fetal mortalities. Under-
standing these rare abnormalities is crucial due to the differences in fetal risks associated
with the timing of detection and the presence of other malformations during pregnancy.

There are some potential constraints to consider regarding the findings of our review
on irregularities in the number of vessels in the umbilical cord.

Study Heterogeneity: The review includes 21 studies that may have varying tech-
niques, demographics, and definitions of results. This diversity might result in inconclusive
findings and hinder the generalization of conclusions across different contexts. Moreover,
in such reviews, if any of the studies included in the analysis are retrospective, there is a
possibility of inherent biases, such as selection bias and recall bias, which might impact the
reliability of the data.

Population Disparities: The investigations may have been carried out in diverse popu-
lations with distinct genetic, environmental, and socio-economic aspects. The variations in
these factors can impact the occurrence of single umbilical artery (SUA) and extra blood
vessels, as well as the related results, making it difficult to apply the findings uniformly.

The accuracy of finding SUA and supernumerary vessels is contingent upon the quality
of prenatal evaluations, including ultrasonography and karyotype analysis, which can
vary. Variations in reported incidence and results may arise from differences in technology,
operator competence, and diagnostic criteria among studies.

Emphasize Isolated SUA: Although the evaluation acknowledges the significance of
isolated SUA, it may not comprehensively cover situations where SUA is accompanied by
additional abnormalities. The potential impact of the interplay between SUA and other
fetal disorders on risk profiles and outcomes has not been extensively investigated in
this research.

The review primarily emphasizes short-term neonatal outcomes, including birth
weight and the duration of stay in the Neonatal Intensive Care Unit (NICU). Nevertheless,
the comprehensive evaluation of the lasting developmental and health consequences in
newborns with SUA or supernumerary arteries may be insufficient, thereby impeding a
complete comprehension of the overall effects of these abnormalities.

Clinical Interventions and Management: The review indicates that customized man-
agement techniques are crucial; however, it may not thoroughly examine the impact of
various management approaches on results. The absence of established protocols for ad-
dressing SUA and supernumerary vessels may impact the uniformity of care and results in
various healthcare settings.
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Potential Confounding Factors: Some of the studies may not have taken into consider-
ation other factors that could have influenced the results, such as maternal health, lifestyle,
or pre-existing conditions, which could have potentially distorted the findings.

It is important to take into account these limitations while analyzing the findings of
the review and implementing them in clinical settings.

Table 1. Main findings of the included studies.

Article

Year of Publication

Study Design

Ethnicity and/or Study Place

Results

Danish
Department of Obstetrics and

-SUA linked to 19.2% fetal
anomalies and 6.4% perinatal death.

1 Clausen et al. [14] 1989 Comprehensive Review G . . -No differences in birth weight or
ynecology, Aarhus Municipal Hospital, rematurity for SUA infants
University of Aarhus, Denmark S li d Y I
elivered normally.
Chinese -Supernumerary vein and vein varix
Case Report And Department of Ultrasonic Medicine, Fetal signal poor reZlatal outcomes
2 Leietal [20] 2017 L port Al Medical Centre, the First Affiliated gna; poor p ¢
iterature Review Hospi 3 . . especially with other
ospital of Sun Yat-sen University, . .
Guangzhou, China congenital abnormalities.
Indian
Paediatrics, Government
Medical College & Hospital, -A four-vessel umbilical cord may
3  Aroraetal. [21] 2022 Case Report Chandigarh, Punjab, India be linked to multiple
MultiCare Tacoma General congenital malformations.
Hospital, Tacoma, Washington,
USA
Caucasian
Department of Obstetrics and
Gynecology, Rush University Medical .
Case Report And Center, Chicago, Illinois USA (C.P-C., _SrtersueCIR1 1r1? lhzt;? (c)); ItI}llaehrlevffg\(l)iles with
4  Pérez-Cosio et al. [13] 2008 Li P! . ES., ].S.A.); and Department of p .
iterature Review Obstetrics and G 1 Sorok supernumerary vessels in the
. . 2YNecology, oroka umbilical cord.
University Medical Center, Faculty of
Health Sciences, Ben-Gurion University
of the Negev, Beer-Sheva, Israel (E.S.).
Japanese Su Is of
. pernumerary vessels of the
5  Kurakazu et al. [26] 2019 Case Report g;f\zzg{;egn; %fag})li;egflﬁ:gime umbilical can be associated with
Fukuoka University, Fukuoka, Japan fetal congenital anomalies.
-Most cases of multiple vessels in
Indian the urlnlzlilical cord inyolve f‘mg
. . . . vessels due to a persistent right
6  Gargetal. [27] 2018 Case Report gmversuy College of Medical Sciences, umbilical vein.
uru Teg Bahadur Hospital, Clinic of C o
Patholosy, New Delhi. India ases with flv_e or more vessels are
&Y, ! typically associated with
conjoined twins.
Caucasian
Department of Pediatrics, UMDN]J-Robert
Wood Johnson Medical School, New
Case Report And Brunswick, New Jersey, USA; Department  -Two out of the six analyzed case
7  Puvabanditsinetal. [29] 2011 Litera tufe Review of Surgery, Downstate Medical Center, reports reported serious congenital
Brooklyn, New York, USA; Department of ~ abnormalities in fetuses
Pathology, UMDN]J-Robert Wood Johnson
Medical School, New Brunswick,
New Jersey, USA
-Prenatal sonography revealed three
Japanese cases of discordant umbilical artery,
Department of Obstetrics and two cases of four vessels in the
8  Aokietal. [30] 1997 Cohort Study G P 1 Shi Medical Uni . umbilical cord (FVUC), and a single
ynecology, Shimane Medical University, f single umbilical artery (SUA)
Izumo, Japan case ot singe o DA v
totaling 6 cases (1.4%). Two (33.3%)
of these cases had fetal anomalies.
-SUA occurs in 0.5% of Black
populations and 1.0% of
White populations.
Caucasian -4% of SUA survivgrs haye other
Division of Neonatology, Children’s copgemte.al anomallgs, with the rate
9  Becketal. [31] 1985 Case Report being twice as high in Black

Hospital National Medical Center,
Washington, D.C.

populations compared to

White populations.

-Multiple artery umbilical cords are
linked to infants with

multiple abnormalities.
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Table 1. Cont.

Article Year of Publication  Study Design Ethnicity and/or Study Place Results
In fetuses with a single umbilical
artery, the left artery is more often
Caucasian absent than the right.
Gynecology, Eastern Virginia Medical -Cytogenetic and complex fetal
School, and the Division of anomalies were found only in cases
10 Abuhamad etal. [32] 1994 Cohort Study Maternal-Fetal Medicine, Department of ~ with an absent left artery.
Obstetrics and Gynecology, Yale -Isolated single umbilical artery
Univesity School of Medicine. cases do not show an increased
incidence of small for gestational
age fetuses.
Caucasian . -
Deparimentof Obsttics and Abigrrincidencofeal
11  Cairns et al. [33] 1964 Cohort Study Gynecology, Toronto East with the standard tw
General Hospital e standa ©
umbilical arteries.
-Six chromosomally (11.3%)
Caucasian abnormal pregnancies exhibited a
Divisions of Maternal-Fetal Medicine and  significant association (p = 0.033)
12 Saller etal. [34] 1990 Cohort Study Human Genetics, Department of between a single umbilical artery

Obstetrics and Gynecology, and the
Department of Pathology, University of
Maryland School of Medicine

and specific cytogenetic
abnormalities—notably, trisomy 18
in two cases (33.3%) and trisomy 13
in another two cases (33.3%).

13 Battarbee et al. [35]

2015 Study

Retrospective Cohort

Caucasian

The Departments of Obstetrics and
Gynecology and Pathology,
Northwestern University Feinberg
School of Medicine, Chicago, Illinois

-The presence of an isolated single
umbilical artery is significantly
associated with lower birth weight
(3146 g compared to 3430 g) and a
higher incidence of small for
gestational age (11.9% compared
t0 2.7%).

-The presence of an isolated single
umbilical artery is also linked to
increased rates of
pregnancy-induced hypertension
(7.3% compared to 1.8%) and
indicated preterm delivery

(5.5% compared to 0.9%).

14 Predanic et al. [36]

2005 Retrospective

Case—-Control Study

Caucasian

Division of Maternal-Fetal Medicine,
Department of Obstetrics and
Gynecology, Weill Medical College of
Cornell University, New York, New York

-Mean birth weight was similar in
both groups (3268 g vs. 3274 g), with
a slightly higher prevalence of small
for gestational age newborns in the
isolated single umbilical artery
group (7.1% vs. 4.8%).

-Fetal growth restriction was
observed in 50% of cases in the
isolated single umbilical artery
group compared to 25% in the
control group.

15 Johnson et al. [46]

2003 Literature Review

Caucasian

Department of Urology, Columbia
University, New York Presbyterian
Hospital, Irving Pavilion, 11th Floor, 161
Fort Washington Avenue,

New York, NY 10032, USA

-Factors influencing SUA
development include maternal drug
use, smoking, multiple gestations,
and ethnicity. Maternal age and
neonatal sex have no

significant impact.

-Eastern Europeans have higher SUA
rates, while Japanese have

lower rates.

-Genitourinary anomalies associated
with SUA vary widely (0-33%), with
vesicoureteral reflux being common,
while other defects are

usually minor.

16 Huaetal. [41]

2010 Study

Retrospective Cohort

Caucasian
Department of Obstetrics and

Gynecology, Washington University in St.

Louis, St. Louis, Missouri.

-Single umbilical artery is associated
with a higher risk of renal anomalies
(adjusted OR 3.0) and cardiac
anomalies (adjusted OR 20.3)
compared to double umbilical artery.
-Single umbilical artery is also linked
to an increased risk of intrauterine
growth restriction (IUGR) (adjusted
OR 2.1), even when excluding
fetuses with known anomalies.
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Study Design

Ethnicity and/or Study Place

Results

17

Heifetz et al. [47]

1984

Retrospective Clinical

Caucasian
Division of Pathology at Cincinnati

-SUA was associated with increased
risk of various types of distal

Trial C_Ilil(;lren's Hospital Medical Center in villous FVM.
Cincinnati
Caucasian
Section of Maternal-Fetal Medicine, -The study’s incidence of small for
Retrospective Cohort Department of Obstetrics and gestational age (SGA) babies (12%)
18 Parilla et al. [50] 1995 Stud P Gynecology, Northwestern University and preterm delivery (14%) aligned
udy Medical School, Northwestern Memorial ~ with expected frequencies in the
Hospital and Evanston Hospital, general population.
Chicago, Illinois
-Neonates with isolated SUA had
significantly lower birth weights
Ie . (3279 g vs. 3423 g) and a lower
aucasian deral ind. d to th
) D £ Obstetri d ponderal index compared to those
R epartment o stetrics an -
etrospective Cohort s with three-vessel cords.
19 Horton et al. [38] 2010 Gynecology, Division of Maternal Fetal .
Study . S . -While the rate of small for
Medicine, University of North Carolina, - inf
Chapel Hill, North Carolina gestational age (SGA) infants was
’ : not significantly different (17.6% vs.
8.8%), SUA neonates had longer
NICU stays.
-Out of 24 stillborns with a single
Caucasian umbilical artery, 21 had significant
Do Retrospective Cohort Pathology Laboratory, 2nd Clinic of placental findings such as large
20 Kondi-Pafiti etal. [51] 201 Study Obstetrics and Gynecology, “Aretaieion”  infarcts, signs of prematurity, severe
University of Athens (Greece) chorioamnionitis, fibrin
accumulation, and chorioangiosis.
Caucasian -Different fetal umbilical vein
Department of Radiology and Prenatal abnormalities were identified such
Case Series And Diagnosis Program, The Toronto as persistent right umbilical vein, an
21  Moore et al. [52] 1996 Hospitals; abnormal umbilical vein joining the

Literature Review

Department of Pediatrics, Division of
Clinical Genetics, The University of
Toronto, Ontario, Canada

right iliac vein, an extrahepatic
umbilical vein varix, and a dilated
intra-abdominal umbilical vein.

4. Conclusions

A diverse range of results emerged from the 21 studies analyzed in this review, which
aimed to elucidate the current understanding in the literature regarding the anomalies in
the number of vessels in the umbilical cord.

The single umbilical artery (SUA) is caused by thrombotic events that slow down the
development of the umbilical artery. This affects both the placenta’s function and the fetus’s
circulation. To detect anomalies and intrauterine growth restriction (IUGR), thorough
prenatal assessments, including ultrasound and karyotype analysis, are necessary. While
SUA pregnancies carry a heightened risk of IUGR, the varying rates of small for gestational
age (SGA) highlight the complexity of risk assessment. Isolated SUA increases vulnerability
in neonates, leading to prolonged NICU stays and compromised growth. Despite similar
SGA rates, neonates with SUA typically have lower birth weights and ponderal indices. The
early detection of SUA is crucial for managing fetal risks and optimizing placental function.
SUA also raises the likelihood of fetal vascular malperfusion (FVM), necessitating careful
monitoring and intervention. In the case of supernumerary vessels in the umbilical cord,
given adverse outcomes and associated malformations reported within the living literature,
a close prenatal follow-up should be recommended. Tailored management strategies are
essential for addressing associated anomalies and placental insufficiencies. Abnormal
placental implantation in SUA and supernumerary vessels’ pregnancies contribute to
adverse outcomes, underscoring the importance of comprehensive evaluation and targeted
interventions to mitigate risks for both mother and fetus.

It is essential to detect single umbilical artery (SUA) and supernumerary arteries early
through comprehensive prenatal evaluations in order to effectively manage any dangers to
the fetus. Customized management approaches, such as vigilant observation and specific
interventions, are crucial in reducing negative consequences associated with placental
insufficiency and fetal growth.
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Future research should prioritize the standardization of detection methods, the inves-
tigation of the long-term outcomes of infants with single umbilical artery (SUA), and the
establishment of consistent guidelines for the management of SUA and supernumerary
vessels. Further research should explore the correlations between SUA and other prenatal
defects in order to have a more comprehensive understanding of their collective influence.
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