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Introduction
Umbilical cord consists of two arteries, one vein and the
surrounding Wharton’s jelly.[1] Two arteries and the vein
form a helical structure to provide the feto-maternal

blood supply.[1] Umbilical cord is formed on the post-
conception 13–38 days and some anomalies such as cyst,
supernumerary vessels and single umbilical artery may
occur during its development.[2–4] Moreover, as a charac-

Özet: Umbilikal kord dolanmas›nda uyumsuz 
umbilikal arterler: Ifl›k mikroskobu çal›flmas›
Amaç: Çal›flmam›zda tek veya çoklu umbilikal kord dolanmas› olan
olgularda umbilikal arter uyumsuzlu¤una yönelik histopatolojik ta-
n›y› ve gebelik sonuçlar›n› incelemeyi amaçlad›k. 
Yöntem: Umbilikal kordun vasküler yap›s›, plasentan›n histopato-
lojik bulgular› ve obstetrik sonuçlar 50 olguda retrospektif olarak
incelendi. Olgular kordon dolanmas› say›s›na (tek-çoklu) göre iki
gruba ayr›ld› ve olgular›n histopatolojik bulgular› ve neonatal Ap-
gar skorlar› de¤erlendirildi. 
Bulgular: Elli olgunun 38’inde (%76) tek ve 12’sinde (%24) çoklu
kordon dolanmas› mevcuttu. 50 olgunun ortalama gestasyonel yafl›
39.16±1.06 ve neonatal Apgar skorlar› 1. dakika için 8.7±0.58, 5. da-
kika için 9.64±0.56 idi. Gestasyonel yafl (p=0.79), 1. dakika Apgar
skoru (p=0.832) ve 5. dakika Apgar skoru (p=0.656) bak›m›ndan tek-
li ve çoklu kordon dolanmas› gruplar›nda istatistiksel olarak anlaml›
fark yoktu. Histopatolojik muayenede 1. ve 2. umbilikal arterlerin ça-
p› tek kordon dolanmas› grubunda s›ras›yla 0.11±0.12, 0.09±0.05 μm
(p=0.756) ve çoklu kordon dolanmas› grubunda ise s›ras›yla
0.13±0.14, 0.06±0.02 μm (p=0.131) olarak bulundu. Umbilikal arter-
yal çaplar gruba göre karfl›laflt›r›ld›¤›nda, umbilikal arter 2’nin çap›
tek kordon dolanmas› grubunda 0.09±0.05 μm ve çoklu kordon do-
lanmas› grubunda 0.06±0.02 μm olarak bulundu ve istatistiksel olarak
anlaml› fark vard› (p=0.037). Elli olgunun 10’unda (2 çoklu, 8 tek)
plasental hipoksi bulgusu sadece koranjiozis olarak tespit edildi. 
Sonuç: Çoklu umbilikal kord dolanmas› olan olgularda umbilikal
arter uyumsuzlu¤u tespit ettik, fakat olgular›n herhangi birinde
kötü gebelik sonucu gözlemlemedik. Obstetrik muayenede çoklu
kordon dolanmas› görülmesi halinde, umbilikal arter uyumsuzlu-
¤u hat›rlanarak araflt›r›lmal› ve ayr›ca maternal-fetal durum dikka-
te al›nmal›d›r. 
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Abstract

Objective: The present study aimed to examine the histopathologi-
cal diagnosis of the umbilical artery discordance in cases with single
or multiple umbilical cord entanglement and pregnancy outcomes. 
Methods: The vascular structure of the umbilical cord, histopatholog-
ical findings of the placenta and obstetric outcomes were retrospective-
ly examined in 50 cases. The cases were divided into two groups by the
number of cord entanglement (single-multiple) and their histopatho-
logical findings and neonatal Apgar scores were assessed. 
Results: Out of 50 cases, 38 (76%) had single and 12 (24%) had mul-
tiple cord entanglement. In 50 cases, the mean gestational age was
39.16±1.06 weeks, neonatal Apgar scores were 8.7±0.58 at 1 minute
and 9.64±0.56 at 5 minute. No statistically significant difference was
detected between single and multiple groups in terms of gestational
age (p=0.79), 1-minute Apgar score (p=0.832) and 5-minute Apgar
score (p=0.656). In histopathological examination, the diameters of
umbilical arteries 1 and 2 were found to be 0.11±0.12, 0.09±0.05 μm,
respectively in the single group (p=0.756) and 0.13±0.14, 0.06±0.02
μm, respectively in the multiple group (p=0.131). When the umbilical
arterial diameters were compared by group, the diameter of the
umbilical artery 2 was detected 0.09±0.05 μm in the single and
0.06±0.02 μm in the multiple group and statistically significant differ-
ence was detected (p=0.037). Out of 50 cases, placental hypoxia find-
ing was detected as chorangiosis only in 10 cases (2 multiple, 8 single). 
Conclusion: Umbilical artery discordance was detected in cases
with multiple umbilical cord entanglement. However, poor preg-
nancy outcome was not observed in any of the cases. When multiple
cord entanglement is seen during obstetric examination, umbilical
artery discordance must be remembered and investigated, and also
maternal-fetal condition should be considered. 

Keywords: Umbilical cord, umbilical arteries, nuchal cord, dis-
cordance.
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teristic of the early fetal development, umbilical cord
entanglement may occur between 13 and 16 weeks of
gestation and possible resolution may be seen in 63% of
fetuses in the following weeks.[5] Its incidence in term
pregnancies is 5.5 to 22.8%.[6]

The exact etiopathogenesis of the umbilical cord
entanglement remains unknown.[7] While it is usually
seen as one or two loose loops around the fetal neck, it
has also been reported to be seen as tight in 2–6%, as
multiple nuchal cords in 0.3–3.8%, around the body in
4.7%, around the lower extremities in 4.2% and around
the several other parts of the fetus in 6.4%.[5,8,9] While the
clinical importance of the cord entanglement is still con-
troversial in the obstetric field, there is no consensus on
whether it leads to poor pregnancy outcomes.[7,9]

While the lumina of the umbilical arteries are usually
equal, a discordance of 1 to 3 mm was detected in various
studies.[10] The reasons for the discordance were thought
to be factors including anomalies during the embryonic
development and secondary atrophy.[2] It has been
reported that this might be associated with the placental
and fetal anomalies, or it would not lead to any poor
pregnancy outcome.[10–12]

There are studies in the literature which detected the
umbilical artery discordance by ultrasonography and/or
histopathology, associated it with placental and umbilical
cord pathologies, and compared the perinatal outcomes;
however, no study was found to examine the discordance
in cases with umbilical cord entanglement.[10,12–14]

The present study aimed to examine the histopatho-
logical diagnosis of the umbilical artery discordance in
cases with single or multiple umbilical cord entangle-
ment and its effects on pregnancy outcomes.

Methods
In our study, the files of the patients who delivered
infants between January and December 2019 in Uflak
Training and Research Hospital, Gynecology and
Obstetrics Clinic were retrospectively screened. The
cases with single or multiple cord entanglement and cord
localization notes were detected on these files and their
umbilical cord and placenta histopathology reports were
reviewed from the computer records. Obstetric, neonatal
and maternal demographic data of the cases were
reviewed. Ethics committee approval for the was taken
from the Ethics Committee of Uflak University’s Faculty

of Medicine on 23/12/2020 with the approval no. of 22-
14-14.

Umbilical vascular diameters measured by Olympus
CX 41 light microscope (Olympus, Tokyo, Japan) on 4–6
μ sections of umbilical cord were reviewed from the
histopathological examination reports on the specimens
fixed in 10% formalin and the diameter and length of the
umbilical cord and coiling under macroscopic examina-
tion were assessed. The total vascular diameters were cal-
culated by measuring the transverse and vertical lengths
of the umbilical vessels under light microscope in
micrometer.[15] Microscopic placenta findings related to
hypoxia were investigated.

The method of delivery, maternal age, pregnancy-
parity, week of gestation were obtained from the obstet-
ric data of the cases; and neonatal weight, 1-minute and
5-minute Apgar scores, sex, the number and the localiza-
tion of cord entanglement were obtained from the
neonatal data.

The cases were divided into two groups by the pres-
ence of single or multiple cord entanglement and the
umbilical cord and placental histopathological findings
and obstetric outcomes were compared.

Statistical analyses were performed using NCSS
(Number Cruncher Statistical System) 2007 (Kaysville,
Utah, USA) software. For the assessment of the study
data, descriptive statistical methods (mean, standard
deviation, median, frequency, ratio, minimum–maxi-
mum) were used with Shapiro-Wilk test for the assess-
ment of the distribution of data. Student’s t-test was used
for the comparison of two groups with normally distrib-
uted quantitative data and Mann-Whitney U test for the
comparison of two groups with non-normally distributed
quantitative data. Chi-square test was used for the assess-
ment of the qualitative data. Significance was evaluated at
the p-values of <0.01 and <0.05.

Results
Out of 50 cases in this study, 38 (76%) had single cord
entanglement and 12 (24%) had multiple cord entangle-
ment. The localization of the entanglement was neck in
45 cases, body and legs in 3 cases. True knot was detect-
ed in 2 cases. Table 1 shows the number and localization
of the umbilical cord entanglements of the cases.

In 50 cases, it was found that the mean maternal age
was 25.8±5.2 years, week of gestation was 39.16±1.06,
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number of pregnancies was 2.32±1.42, parity was
1.06±1.25, neonatal weight was 3306.3±458.99 g, 1-
minute Apgar score was 8.7±0.58 and 5-minute Apgar
score was 9.64±0.56. No statistically significant differ-
ence was detected in terms of the maternal and neona-
tal findings between the groups (p>0.05) (Table 2).
There was not any abnormal finding during obstetric
follow-ups.

Among 50 cases, the sex of the neonates was detected
to be female in 28 cases (56%) and male in 22 (44%).
The method of delivery was vaginal in 37 cases (74%)
and cesarean section in 13 (26%). No vacuum delivery
was observed. There was no statistically significant dif-
ference between groups in terms of the method of deliv-
ery (p=0.852) and the sex of the infant (p=0.331).

At the macroscopic evaluation of the umbilical cord;
in 49 cases (98%) umbilical cord was normocoil and 1
case (2%) was hypercoil.

In the histopathological examination of the umbilical
cord; umbilical artery 1 and 2 diameters were found
0.11±0.12 and 0.09±0.05 μm, respectively (p=0.756) in
the single entanglement group and 0.13±0.14 and
0.06±0.02 μm, respectively (p=0.131) in the multiple
entanglement group with no statistically significant dif-
ference was detected. When the diameters of umbilical
artery 1 and 2, and the vein were compared by group, the
diameter of the umbilical artery 2 was detected to be
0.09±0.05 μm in the single and 0.06±0.02 μm in the mul-
tiple entanglement group with statistically significant dif-
ference was obtained for discordance (p=0.037). No
allantoic remnant was detected in the histopathological
examination. Fig. 1 shows the umbilical vessel measure-
ments, and Table 3 shows the histopathological findings
of the umbilical cord.

In the microscopic evaluation of the placenta; hypox-
ia-related change was detected as chorangiosis only in 10
cases. Among them, 2 cases were in the multiple and 8
cases were in the single entanglement groups (Fig. 2).

No abnormal finding was found regarding Hyrtl’s
anastomosis, and volume and vascularity of the placenta
in the pathology reports of the cases.

Discussion
In our study, umbilical arteries discordance was detect-
ed in the multiple entanglement group compared to
single entanglement group.

During the embryonic development of the umbili-
cal artery; primary agenesis, secondary atrophy and
allantoic artery persistence, thereby, hypoplasia or sin-
gle umbilical artery development may occur.[2] Single
umbilical artery is usually characterized with increased
perinatal mortality and morbidity.[16] Secondary atro-
phy may be seen as a result of the mechanical compres-
sion of the allantoic remnants or luminal bridging of
the arteries.[2,16] Due to lack of fetal anomalies in our
cases and lack of allantoic remnants in the histopatho-
logical examination, discordance could be explained by
the secondary atrophy induced by the compression
effect of the multitude of cord entanglements.
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Table 1. Number and localization of the umbilical cord entanglement.

Umbilical cord entanglement n %

Number Single 38 76

Multiple (>2)  12 24

Localization Neck 45 90

Trunk and limb 3 6

True knot 2 4

Table 2. Maternal and neonatal findings of umbilical cord entanglement. 

Single (n=38) Multiple (n=12)

Mean±sd Min–max Mean±sd Min–max p-value

Maternal age 25.61±5.36 18–39 26.42±4.83 19–34 0.642

Pregnancy 2.18±1.37 1–7 2.75±1.54 1–6 0.06

Parity 0.89±1.15 0–6 1.58±1.44 0–5 0.075

Week of gestation 39.18±1.06 37–42 39.08±1.08 38–41 0.749

Baby weight (gram) 3320.39±457.61 2260–4350 3261.67±480.8 2350–4295 0.703

1-minute Apgar score 8.68±0.62 7–10 8.75±0.45 8–9 0.832

5-minute Apgar score 9.63±0.54 8–10 9.67±0.65 8–10 0.656



Umbilical artery discordance (1–3 mm) was first
detected by Dolkart et al. in 6 of 721 cases at 20 weeks
of gestation and among them, only 2 cases had poor
obstetric outcomes.[3] Some factors such as Hyrtl’s
anastomosis and compensation mechanism between
arteries may protect against poor obstetrics outcomes;
but on the other hand, discordance may accompany
fetal abnormalities.[10,12–14] In 14 cases, >1 mm umbilical
arteries discordance were detected between 24 and 42
weeks of gestation, but no negative effects on 5-minute
Apgar scores of the neonates was observed and
explained as discordance being less and was compen-
sated by the functional artery.[13] Similarly, discordance
was detected between umbilical arteries (large 1.8±0.3
and small 1.1±0.3) by ultrasonography at the second
trimester in 12 of 154 term pregnancies, there was no
poor obstetrics outcome in terms of the method of
delivery, neonatal Apgar findings and placental pathol-
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Fig.1. Light microscope view of umbilical vessels. (a) Umbilical ar-
tery 1; (b) umbilical artery 2; (c) Umbilical vein (H&E ×40).

Table 3. Histopathologic findings of umbilical cord. 

Single (n=38) Multiple (n= 12)

Mean±sd Min–max Mean±sd Min–max p-value

Umbilical cord length (cm) 35.96±10.24 18–65 40.29±12.99 28–69 0.400

Umbilical cord diameter (cm) 16.97±1.57 12–20 16.83±1.52 13–19 0.954

Umbilical artery 1 (μm) 0.11±0.12 0.05–0.70 0.13±0.14 0.05–0.50 0.795

Umbilical artery 2 (μm) 0.09±0.05 0.05–0.3 0.06±0.02 0.05–0.1 0.037

Umbilical vein (μm) 0.22±0.16 0.05–0.70 0.22±0.16 0.05–0.60 0.906

a

c

b



ogy and explained as presence of Hyrtl’s anastomo-
sis.[10] On the other hand, in 12 cases with trisomy 18,
intrauterine growth retardation, pulmonary stenosis,
maternal diabetes and hypoplastic umbilical artery
were detected by ultrasonography.[12] Likewise in the
literature, umbilical artery discordance was seen with
fetal renal cyst, hydronephrosis and corpus callosum
agenesis.[14] The umbilical artery discordance did not
result in poor pregnancy outcomes in our study and it
can be explained by the usual maternal-fetal follow-up
during antenatal period, and the discordance difference
being less and compensated by the umbilical vessels.

The association between the umbilical cord entan-
glement and pregnancy outcomes is a controversial
topic in the literature. In a meta-analysis of 267,233
pregnant women, an association has been reported
between umbilical cord entanglement and 1-minute
Apgar score being low and fetal acidosis.[9] Similarly, in
umbilical cord entanglement found in 698 of 2156 term
pregnancies, neonatal oxygen requirement was signifi-
cantly higher in multiple entanglement compared to
single entanglement, and intensive care requirement in
the multiple, single and no-entanglement groups were
14.4%, 7.2% and 8.3%, respectively.[17] In another
study, the rate of intensive care requirement was 14%
in the cord entanglement and 10% in the no-entangle-
ment group.[18] Stillbirth and growth retardation were
reported related to umbilical cord entanglement.[5,19] On
the other hand, cord entanglements in the neck and
other parts of the body in 82 of 486 term pregnancies
were detected as a significant correlation between cord
entanglement and 1-minute Apgar score being low
[r=0.1735 (CI 95% 0.08322 to 0.2609)] but low corre-
lation between cord entanglement and acidosis
[r=0.09517 (CI 95% 0.003616 to 0.1851)], and it was
stated that cord entanglement did not result in poor
pregnancy outcomes.[20] Similarly, in a study that
observed umbilical cord entanglement in 218 of 408
term pregnancies, poor pregnancy outcomes were not
seen in any of the cases according to the American
College of Obstetrics and Gynecology (ACOG) hypox-
ic ischemic encephalopathy criteria.[7] There are some
studies in the literature about no adverse perinatal out-
comes of cord entanglement including neonatal inten-
sive care requirement and Apgar score being low.[7,17]

Findings including diffuse villous hypervascularity,
chorangiosis, laminar necrosis, chorionic microcyst,

thrombosis and >5–10% infarction are hypoxia-related
pathologies seen in histopathological examination of
placenta.[21] Chorangiosis is a terminal villi lesion which
may occur due to hypo-oxygenation; its cause is not
exactly known though genetic and environmental fac-
tors are also appear to be implicated.[22] In our study,
very few cases had chorangiosis and the other hypoxic
lesions were not detected. The lack of poor obstetric
outcomes despite umbilical artery discordance and cord
entanglement may be explained by feto-maternal well-
being and the lack of effect on blood transport due to
the compensation mechanism of the umbilical cord.

Hyrtl’s anastomosis, Wharton’s jelly structure, coil-
ing and localization of the cord may affect obstetric out-
comes. The favorable obstetric outcomes observed in
the presence of discordance in some studies were attrib-
uted to the protective role of the anastomosis.[23]

Wharton’s jelly is a section adapting to vascular pulsa-
tion with its porous-fibrous structure and protecting
them against conditions such as prolapse, knotting and
entanglement.[1,24,25] Furthermore, in case of hemody-
namic changes, the mechanosensory properties of the
cells in the umbilical cord tissue lead to changes in the
structure of Wharton’s jelly, thereby adapting it to the
conditions.[1] Hypocoil and hypercoil structures have
been stated to be correlated with poor pregnancy out-
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Fig. 2. Microscopic view of chorangiosis. The chorangiosis area re-
presenting the vascular hyperplasia seen in terminal chorio-
nic villus structures (H&E ×40).



comes such as Apgar score being low.[5,9,26,27] The body
localization is affected more by the uterine contractions
compared to neck localization and is associated with
higher rates of 5-minute Apgar score being low and aci-
dosis.[28] In our study, normocoil structure of the umbil-
ical cord, neck localization, Hyrtl’s anastomosis and
possible adaptation mechanisms of Wharton’s jelly can
answer the question ‘How were babies unaffected by
tangles and discordance?’, and to elucidate this, further
immunohistochemical, morphometric and anatomic
studies are needed.

Study limitations

There are several limitations to this study. The interval
between the delivery and measurement is considered to
result in a potential shrinkage in the umbilical cord due
to formalin fixation.[27] Since this is a retrospective study,
the results involving measurements made on formalin-
fixed samples were used. Therefore, coiling status was
indicated as hypo- or hypercoil, and was not indexed.
Furthermore, patients’ antenatal umbilical artery
Doppler measurements could not be found in the med-
ical records. Methods to measure Wharton’s jelly area
such as neural network and digital morphometry have
been reported in the literature.[26,29] Since light micro-
scope was used in our study, only vascular diameters
could be measured and area calculation could not be
performed.

Conclusion
The present study has shown that multiple cord entan-
glement may cause umbilical artery discordance com-
pared to the single entanglement, however, no poor
pregnancy outcome was seen. When multiple cord
entanglement is seen in obstetric follow-ups, umbilical
artery discordance must be remembered and investigat-
ed, and also maternal- fetal condition should be consid-
ered.
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