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Abstract: The umbilical cord constitutes a continuation of the fetal cardiovascular system 
anatomically bridging between the placenta and the fetus. This structure, critical in human 
development, enables mobility of the developing fetus within the gestational sac in contrast 
to the placenta, which is anchored to the uterine wall. The umbilical cord is protected by 
unique, robust anatomical features, which include: length of the umbilical cord, Wharton’s 
jelly, two umbilical arteries, coiling, and suspension in amniotic fluid. These features all 
contribute to protect and buffer this essential structure from potential detrimental twisting, 
shearing, torsion, and compression forces throughout gestation, and specifically during labor 
and delivery. The arterial components of the umbilical cord are further protected by the 
presence of Hyrtl’s anastomosis between the two respective umbilical arteries. Abnormalities 
of the umbilical cord are uncommon yet include excessively long or short cords, hyper or 
hypocoiling, cysts, single umbilical artery, supernumerary vessels, rarely an absent umbilical 
cord, stricture, furcate and velamentous insertions (including vasa previa), umbilical vein and 
arterial thrombosis, umbilical artery aneurysm, hematomas, and tumors (including heman
gioma angiomyxoma and teratoma). This commentary will address current perspectives of 
prenatal sonography of the umbilical cord, including structural anomalies and the potential 
impact of future imaging technologies. 
Keywords: prenatal ultrasound, umbilical cord, color Doppler imaging

Introduction
The umbilical cord is a direct continuation of the fetal cardiovascular system. 
Anatomically bridging between the placenta and the fetus, this structure critical 
in human development enables mobility of the developing fetus in contrast to the 
placenta, which is anchored to the uterine wall. The umbilical cord assures 
a flexible delivery system of both oxygen and nutrients with concurrent removal 
of carbon dioxide and other waste components/elements towards the placenta and 
away from the tethered fetus while concurrently enabling the fetus to develop in an 
almost unrestricted aquatic environment facilitating pulmonary and joint extension/ 
flexion development. It is interesting to compare this robust life-support system to 
the system devised initially by the National Aeronautics and Space Administration 
(NASA) to sustain human life during the first extra vehicular activity (EVA) in 
space, which clearly appears to have mimicked nature in this aspect (Figure 1).

The umbilical cord develops from the yolk sac and allantois. At 18 days post- 
conception, a duct-like extension of the yolk sac from the future caudal region of 
the embryo develops into the connecting stalk - The transitory allantois.1 On post- 
conception day 22, the allantois and extra-embryonic yolk sac extend into the 
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mesenchyme of the connecting stalk. Between days 28 and 
40 the expanding amniotic cavity compresses the allantois 
and yolk sac into a cord covered by amnion, creating the 
umbilical cord.1

The umbilical cord lengthens with gradual backward 
prolapse of the embryo into the amniotic sac. Two allan
toic arteries (originating from the internal iliac arteries) 
and one allantoic vein (entering the hepatic vein) penetrate 
the placenta and connect with the villous vessels during 
the third post-conception week. During the second month 
of pregnancy, the originally developed second umbilical 
vein undergoes atrophy.1 Wharton’s jelly, the subamniotic 
connective tissue of the umbilical cord, is derived from 
extraembryonic mesoblast contributing the mucoid, which 
provides the compressible property of the umbilical cord. 
Gradual lengthening of the umbilical cord during the first 
trimester is accompanied by coiling. The mean length of 
the umbilical cord is approximately 55 cm, with measure
ments above 80 cm and below 35–40 cm, considered 
excessively long and short, respectively. While excessively 

long umbilical cords have been associated with increased 
coiling, increased risk of entanglement and knotting, short 
umbilical cords have been associated with an increased 
risk of adverse perinatal outcome, intrapartum fetal heart 
rate abnormalities, and increased likelihood of placental 
abruption and postpartum hemorrhage.1

In this fashion, Wharton’s jelly, two umbilical arteries, 
coiling, suspension in amniotic fluid and the length of the 
umbilical cord, protect and buffer the umbilical cord from 
twisting, shearing, torsion and compression forces 
throughout gestation, and specifically during fetal descent 
during labor. Reflecting the inherent strength of this vital 
structure, the average tensile breaking load of the umbili
cal cord has been reported at 2.49 times birth weight.1

An additional safety mechanism of the umbilical cord 
is Hyrtl’s anastomosis. This 1.5–2 cm shunt between the 
umbilical arteries is positioned within 3 cm of the placen
tal cord insertion. This intra-arterial anastomosis, which is 
present in approximately 96% of umbilical cords, 
equalizes pressures between the two respective umbilical 
arteries before entering the placenta and functions as 
a safety valve in the event of placental compression or 
umbilical artery blockage.1 Prenatal sonography of the 
Hyrtl anastomosis will be discussed in detail following.2,3

Recent emerging data support that approximately 20% 
of stillbirth cases can be attributed at autopsy to lethal 
compromise of umbilical cord circulation.4–6 

Furthermore, precise placental histological criteria accom
panying restriction of umbilical cord flow have been estab
lished, which enable unique determination of potential 
umbilical cord compromise, previously unsuspected prior 
to histological assessment.7,8 An additional intriguing 
observation of umbilical cord lesions noted in association 
with early intrauterine fetal demise was forwarded in 2003 
by Singh et al.9 These authors assessed products of con
ception of 122 (of a total of 153) cases of fetal demise <16 
weeks’ gestation, in which medical evacuation of the 
uterus yielded intact products of conception (the 31 
remaining cases underwent surgical uterine evacuation), 
noting that in 13/122 (10.7%) of these cases demonstrated 
abnormalities of the umbilical cord. Umbilical cord lesions 
encountered most commonly, were constriction and coil
ing abnormalities, while others consisted of hemorrhage, 
thrombosis, edema, and amniotic bands.

A considerable array of structural umbilical cord 
abnormalities exists including: excessively long or short 
cords, hyper or hypocoiling, cysts, single umbilical artery, 
supernumerary vessels, rarely an absent umbilical cord, 

Figure 1 The first USA Extra Vehicular Activity (EVA) June 3, 1965, Edward White, 
(Astronauts Edward White and James McDivitt, Gemini 4, NASA). During the 
21 minute long spacewalk, Ed White was tethered to the Gemini spacecraft by 
a 25 foot “umbilical cord” through which oxygen was supplied. The tethering cord 
also carried communications and biomedical instrumentation. Note the fine mesh 
surrounding the cord enhancing flexibility and strength and overall the striking 
similarity of the supply cord to the human umbilical cord. Interestingly, similar to 
the umbilical cord the NASA system is tethered to the mid-torso (left mid abdo
men) of the astronaut. 
Notes: NASA image. This figure was reproduced from: Wikipedia. Ed White, the 
first American to perform extravehicular activity, outside of Gemini IV; 1965. 
Available from:  https://en.wikipedia.org/wiki/Gemini_4#/media/File:Ed_White_ 
First_American_Spacewalker_-_GPN-2000-001180.jpg. Accessed October 1, 
2021.283
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stricture(s), furcate and velamentous insertions (including 
vasa previa), umbilical vein and arterial thromboses, umbi
lical artery aneurysm, hematomas and tumors (including 
hemangioma angiomyxoma and teratoma).1,9,10

During the quarter century, which has elapsed since we 
last assessed the challenges encountered in ultrasono
graphic assessment of the umbilical cord, advanced tech
nologies including color and Power Doppler imaging and 
three-dimensional sonography have become widespread 
and enabled enhanced imaging of this somewhat “evasive” 
anatomical structure.10,11 This commentary addresses cur
rent perspectives of prenatal sonography of the umbilical 
cord in singleton and multiple gestations. Various mani
festations of umbilical cord entanglement, namely nuchal 
cord(s), true knot(s), and complex entanglement of the 
umbilical cord, have been presented in detail in earlier 
separately published commentaries in the Journal, and 
hence, although involving the umbilical cord per se, var
ious manifestations of umbilical cord entanglement and 
arterial or venous Doppler assessments will not be 
addressed in this commentary.12–14

Umbilical Cord Morphometry
Length
As mentioned, the length of the umbilical cord is critical in 
promoting almost unlimited, free fetal movement. The 
average umbilical cord length is approximately 55–60 cm 
in length.15–17 While various nomograms have been estab
lished for each gestational week (with short and long 
umbilical cords being defined as <10th and >90th centiles 
for gestational age, respectively), in general at term, short 
umbilical cords are considered those measuring <40 cm, 
while the definition of an excessively long umbilical cord 
has been reported as >80 or 100 cm, although umbilical 
cords as long as 165 or even 300 cm have been reported.1 

Both excessively long and short umbilical cords, respec
tively, have been associated with an increase in adverse 
perinatal outcome.1,17 Berg and Rayburn in a study of 
3109 consecutive singleton pregnancies finding [(61 
cases (2%) of short cords (13–35 cm)), and (112 cases 
(3.7%) of cases of long cords (80–121 cm))] noted that 
umbilical blood pH and base excess values were similar in 
pregnancies with short (7.35 ± 0.90, and 3.1 ± 2.7 mEq/L 
mean ± SD), normal length (7.36 ± 0.03 and 3.8 ± 1.7 
mEq/L) and long (7.34 ± 0.06 and 3.7 ± 3.1 mEq/L) 
umbilical cords.18

Excessively long umbilical cords clearly predispose to 
cord entanglement [true knot(s), nuchal cord(s) and other 
complex entanglements]. For detailed prenatal sonographic 
assessments and suggested management regarding each of 
these separate entities, the reader is referred to three recently 
published Commentaries in the Journal.12–14 An interesting 
observation is the direct association between the length of 
umbilical cord and degree (number of nuchal cord loops, true 
knots and coverall complex umbilical cord entanglement). 
Also of interest is the possible association of an increased 
risk of fetal growth restriction associated with excessively 
long umbilical cords,19,20 and reported fetal thrombotic vas
culopathy, which has been reported to predispose the pla
centa to marked fetal thrombotic vasculopathy.21

The underlying etiology of excessively long umbilical 
cords is unclear, yet excessive fetal movements early in 
gestation have been considered as a possible etiology of 
this occurrence.

In contrast, excessively short umbilical cords are less 
common, and often are associated with fetal anomalies, 
including: Pena Shokeir sequence (fetal hypokinesia/aki
nesia sequence),22,23 Neu Laxova syndrome,24 other rare 
constrictive dermopathies,25,26 and arthrogryposis.27 

Interestingly, all of these conditions are associated with 
decreased or absent fetal movement, further strengthening 
the association between fetal movement and overall umbi
lical cord length. Additional fetal anomalies associated 
with short umbilical cords include: limb-body wall com
plex (or body stalk anomaly),28–37 and ectopia cordis,38 

with both the latter groups representing lethal fetal anoma
lies and the former considered a result of either sponta
neous early amnion disruption, vascular disruption, or 
embryonic dysgenesis.28

Short umbilical cords (<40 cm) in the absence of asso
ciated fetal anomalies have been associated with 
a significant increase in Cesarean and operative vaginal 
births (both forceps and vacuum deliveries).39 Short umbi
lical cords have also been associated with an increased 
likelihood of placental abruption,40,41 uterine inversion and 
the associated potential massive postpartum hemorrhage.42

In addition, short umbilical cords have been associated 
with decreased intelligence quotas (IQ). Interestingly, 
a recent study reported that umbilical cord length affects 
the efficacy of amnioinfusion for repetitive variable decel
erations during labor.43 Specifically, these authors reported 
that short umbilical cord length (lower Z-score) was related 
to emergency Cesarean delivery after failed therapeutic 
amnioinfusion for repetitive variable decelerations.43
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Yamamoto et al in 2017 attempted to determine the 
umbilical cord lengths associated with the strongest correla
tion with adverse pregnancy outcomes [including the rate of 
Cesarean delivery, frequency of operative vaginal delivery, 
small-for-gestational-age (SGA) births, neonatal intensive 
care unit (NICU) admission, umbilical artery pH < 7.1 and 
abnormal intrapartum hemorrhage].44 These authors in 
a retrospective fashion determined that umbilical cord 
lengths of 35 and 45 cm corresponded to the first and tenth 
percentiles, respectively, and established that an umbilical 
cord length of ≤45 cm is a clinically useful indicator of 
adverse pregnancy outcomes.44

Rare cases of absent umbilical cord – achordia – have 
been reported and are usually associated with structural fetal 
anomalies including abdominal wall defects, limb body wall 
sequence.36,45,46 Other rare cases of absent umbilical cord 
have been reported, such as the recent publication of pre
natal sonographic confirmation of the recipient twin in 
a case of twin reversed arterial perfusion (TRAP) sequence, 
which was completely embedded in the placenta with no 
evidence of an umbilical cord at delivery (Figure 2).47

In contrast to other fetal organs, the placenta or the 
uterine cervix, the umbilical cord is seldom depicted or 
tracked sonographically throughout its entire length. This 
reflects a number of reasons. In general, difficulty (not 
surprisingly) is encountered tracking a longitudinal 

essentially two-dimensional free-floating structure, within 
a three-dimensional volume (the gestational sac). In addi
tion, the fetus (especially in the late second and third 
trimesters) often obscures considerable segments of the 
umbilical cord, which are thus inaccessible to sonographic 
interrogation.

Sonographic depiction of the entire umbilical cord has 
rarely been reported. These reports have mainly been 
limited either to the first-trimester of pregnancy, or of 
rare cases involving markedly shortened umbilical cord 
length.48–50

Ugurlucan and Yuksel suggest that sonographically 
tracing the entire length of the umbilical cord “from the 
fetal insertion site to the placental insertion” is feasible, 
with only one unsuccessful case (0.2%) during the second- 
trimester, an observation, which regretfully, is not our 
experience and to our knowledge has not been 
replicated.51

Recently, in an unconfirmed report, Gur et al investi
gated whether Doppler resistance indices obtained at dif
ferent points of the umbilical cord (fetal and placental 
insertions, free loop, and intra-abdominal portion between 
37 and 42 weeks’ gestation in low-risk, singleton pregnan
cies, are related to umbilical cord length (measured after 
delivery)).52 The study included 74 participants. The mean 
umbilical cord length was 58 cm. Umbilical artery systolic 
diastolic ratio (S/D) resistance index (RI) and pulsatility 
index (PI) were higher in the intra-abdominal portion than 
other measurement points (P=0.03, < 001, < 0.001, respec
tively). The mean differences (delta values) of umbilical 
artery flow velocities between the fetal and placental inser
tion points correlated with umbilical cord length (c =0.32, 
P = 0.4), suggesting that the differences in umbilical flow 
velocities at the distal points of the umbilical cord (fetal 
and placental insertions) may be a useful, although indir
ect, marker for the prediction of umbilical cord length.52 It 
is interesting to note that the authors did not forward 
information regarding nuchal cord(s) or true knot(s) of 
the umbilical cord, the presence of either (or both simul
taneously) which, in our assessment (the tightness of 
which), may also affect Doppler resistance indices.52

Increasing utilization of Color Doppler, Power 
Doppler, and 3D ultrasound in concert with other imaging 
diagnostic tools enhance depiction of abnormalities of the 
umbilical cord. Furthermore, it appears likely that depic
tion of the entire length of the umbilical cord may be 
within reach in the future with increasing application of 
new emerging imaging technologies, for example, (CT 

Figure 2 Absent umbilical cord in a (twin reverse arterial perfusion TRAP) twin 
embedded within the placenta. Note the absence of an umbilical cord to this fetus. 
Notes: Reproduced with permission from: Sherer DM, Dalloul M, Garza M, Benton 
L, Abulafia O. Prenatal sonographic diagnosis of acardiac twin embedded within the 
placenta. Ultrasound Obstet Gynecol. 2018;52(1):120–121.47 Copyright © 2017 
ISUOG. Published by John Wiley & Sons Ltd.
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and/or MR imaging and 3D computer-assisted reconstruc
tion techniques), which may enable depiction of the umbi
lical cord positioned behind the fetal body, inaccessible to 
transabdominal sonography.53 In any event, although gov
erning body guidelines currently suffice with the directive 
that prenatal sonographic assessments should include 
depiction of the fetal and placental insertion points of the 
umbilical cord, we believe that all visible portions of the 
umbilical cord should be assessed in order to potentially 
depict abnormalities of this organ critical in human 
development.

Cross-Section (Diameter)
Ghezzi et al in 2001, assessing first-trimester sonographic 
umbilical cord diameter and growth of the human embryo, 
noted that the umbilical cord diameter increased gradually 
between 8 and 15 weeks’ gestation.54 Umbilical cord 
diameter and gestational age correlated significantly 
(r=0.78; P < 0.001), umbilical cord diameter and crown- 
rump length (r=0.75; P < 0.001), and umbilical cord dia
meter and biparietal diameter (r=0.81; P < 0.001). No 
correlation was noted between umbilical cord diameter 
and birth weight or placental weight at delivery. Among 
patients who had a miscarriage (n = 7) and pre-eclampsia 
(n = 8), the umbilical cord diameter was two SD below the 
mean in three cases (42.9%) and three cases (37.5%), 
respectively.54

Interestingly, this same group of investigators noted 
that among 784 patients undergoing routine sonographic 
evaluation between 10 and 14 weeks’ gestation, the num
ber of fetuses with an umbilical cord diameter above the 
95th centile for gestational age was higher in the presence 
of fetal or placental chromosomal abnormalities than in 
normal fetuses (5/17 vs 39/767, P < 0.01).55 Thus, first- 
trimester sonographic umbilical cord morphology (dia
meter) was considered to identify a subset of fetuses at 
increased risk of fetal chromosomal abnormalities, 
a finding confirmed by a later study by Axt-Fliedner 
et al.56

Weissman et al in 1994 established nomograms of the 
umbilical cord and umbilical vessels throughout gestation. 
The remainder of these data will be described following 
under the heading “Wharton’s Jelly”.57

Wharton’s Jelly
Wharton’s jelly, the connective tissue of the umbilical 
cord, is derived from the extraembryonic mesoblast.1 

This structure that surrounds and encompasses the 

umbilical vessels is composed of a ground substance of 
open-chain polysaccharides (hyaluronic acid, carbohy
drates with glycosyl and mannosyl groups), which com
prise a fine network of microfibrils dispersed in small 
amounts of collagen.1 This content of Wharton’s jelly 
yields a relatively firm structure, which enables contrac
tion and distention of the umbilical cord vasculature. 
Overall, Wharton’s jelly protects the umbilical cord ves
sels from external physical forces, which, otherwise, may 
potentially compromise their integrity.58

Ghezzi et al in 2001, in an assessment of sonographic 
cross-section area of the umbilical cord, and subtracting 
the vascular area from the overall umbilical cord area 
throughout gestation established a nomogram of the sono
graphic assessment of Wharton’s jelly in 659 fetuses 
between 15 and 42 weeks’ gestation.59 This study estab
lished that the Wharton’s jelly area increases with advan
cing gestational age and correlates with fetal size up to 32 
weeks’ gestation.59

In later studies, these investigators reported that pre
natal sonographic depiction of a lean umbilical cord may 
serve as a simple identifier of fetuses destined to small-for- 
gestational age (SGA) birth weight.60 The number of sub
sequent SGA neonates at birth, exhibiting a lean umbilical 
cord was higher than those with normal umbilical cord 
biometry parameters (11.5% vs 2.6%, P < 0.05), and 
fetuses exhibiting a lean umbilical cord exhibited 
a 4.4-fold increased risk of being SGA at delivery than 
those with normal umbilical cord biometry.60 Of note, the 
incidence of meconium was higher among fetuses with 
a lean umbilical cord in contrast with those with 
a normal umbilical cord (14.6% vs 3.1% P < 0.001). The 
number of infants with a 5-minute Apgar score <7 was 
considerably higher among those with a lean umbilical 
cord than among those with normal umbilical cord biome
try parameters (5.2% vs 1.3%, P < 0.05). In addition, 
considering only patients with intact membranes admitted 
in spontaneous labor with intact membranes who delivered 
an appropriate for gestational age (AGA) neonate, the 
proportion of fetuses with oligohydramnios at delivery 
was higher among those who has lean umbilical cord 
than among those with normal umbilical cord biometry 
(17.6% versus 1.3%, P < 0.01).60

These investigators in 2003 compared 84 growth- 
restricted fetuses (FGR) with 168 (AGA fetuses, noting 
that the prevalence of lean umbilical cords (cross-sectional 
area <10th centile for gestational age) was significantly 
higher among FGR fetuses versus AGA fetuses (73.8% vs 
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11.3%; P < 0.001)).61 In contrast, Cromi et al in a study of 
1026 consecutive patients >34 weeks’ gestation assessed 
53 and 22 newborns (5.3% and 2.1%) with birth weights 
>4000, and 4500 grams, respectively, noting that the pro
portion of cases with a large umbilical cord (umbilical 
cord area >95th centile for gestational age) was signifi
cantly higher in the group of macrosomic compared with 
non-macrosomic infants (54% versus 8.7%, P < 0.0001).62 

Of note, the proportion of umbilical cords with 
a Wharton’s jelly area >95th centile for gestational age 
was significantly higher among macrosomic fetuses of 
patients with diabetes versus those without diabetes. In 
addition, the combination of abdominal circumference 
>95th centile and large cord predicted 100% of macroso
mic infants. These authors concluded that sonographic 
assessment of umbilical cord area may improve detection 
of macrosomia.62

Raio et al in 1999 reported that a decrease in Wharton’s 
jelly often occurs in cases of a single umbilical artery, 
possibly an additional risk factor for fetuses with nuchal 
cord (see above).63 This group of investigators considered 
that the association of adverse perinatal outcome noted in 
cases of single umbilical artery (even in the absence of 
congenital or chromosomal abnormalities) likely reflects 
the decreased amount of Wharton’s jelly.63 Thus, the com
bination of a single umbilical artery and decreased amount 
of Wharton’s jelly may represent a combined compromise 
of teleological protective mechanisms of the umbilical 
cord, resulting in increased adverse perinatal outcome of 
fetuses further complicated by the presence of nuchal 
cords, and especially multiple nuchal cords.63,64

Debebe et al in 2019 correlated prenatal ultrasound 
images of the umbilical cord with post-delivery pathology 
assessments of fixed cross-sections of the umbilical cord 
and placenta.58 These authors reported that decreased 
Wharton’s jelly is associated with clinically significant 
placental pathology and Wharton’s jelly area scales pro
portionally with placental size.58 These findings support 
the concept that Wharton's jelly area as depicted by pre
natal ultrasound correlates with the functional capacity of 
the placenta and thus merits further evaluation with cur
rently available tests of placental function in clinical 
practice.

Cromi et al in 2005 studied 21 consecutive twins with 
twin–twin transfusion syndrome and demonstrated that the 
cross-sections of the umbilical cords of the recipient twins 
were larger than those of donor twins.65 The difference 
was attributed to both the larger amount of Wharton's jelly 

and a larger umbilical vein diameter. The proportion of 
lean umbilical cords was higher in the donor versus reci
pient twins (18/21 vs 1/21, P < 0.0001), while larger 
umbilical cords were significantly more frequent among 
recipients versus donor twins (13/21 vs 1/21, P = 
0.0002).65

Hyrtl’s Anastomosis
As mentioned earlier, this under-recognized arterial ana
stomosis is found in approximately 96% of umbilical 
cords, and has been considered to equalize umbilical artery 
pressures prior to insertion in the placenta.1

Utilizing angiography, Ullberg et al in 2001, assessed 
the variable anatomy of the anastomosis between the 
umbilical arteries in 67 umbilical cords and placentas of 
full-term appropriate-for–gestational age (AGA) 
infants.66 The angiography methodology enabled calcula
tion of the relative placental area supplied by each umbi
lical artery. A single anastomosis was noted in 60 cases, 
two anastomoses in one case, and in four cases the ana
stomosis was absent, two cases had a single umbilical 
artery. In cases in which the diameter of the anastomosis 
at least equaled that of the umbilical arteries, they sup
plied a mean 26% and 74% (± 8.2%) of the placenta 
areas, respectively. In cases in which the diameter of the 
anastomosis was smaller than that of the umbilical artery, 
they supplied mean placental areas of 41% and 59% (± 
6.0%), respectively. Interestingly, in placentas lacking 
a Hyrtl’s anastomosis the two umbilical arteries supplied 
45% and 55% (± 2.6%), respectively, indicating 
a relatively high degree of symmetry.66 These authors 
later in 2003 studied the arterial systems of 64 placentas 
from singleton pregnancies of small-for-gestational age 
(SGA) fetuses, comparing these with the previously 
reported above-data representing AGA infants.67 In 56/ 
64 placentas, the anastomosis was represented by a true 
vessel, in two placentas, by a “fenestration” and in two 
other cases, by fusion of the umbilical arteries. Hyrtl’s 
anastomosis was absent in one case, and in three cases, 
a single umbilical artery was noted. These authors noted 
that the overall anatomy of the anastomosis and the rela
tionship between its width and the symmetry between the 
placental supply areas of each umbilical artery did not 
differ between placentas from SGA vs AGA infants 
despite various types of cord insertion and placentation, 
concluding that static measurements of Hyrtl's anastomo
sis do not substantiate a contributing factor in fetal growth 
restriction.67
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Gordon et al developed a computational model for 
quantitative analysis of hemodynamic characteristic 
Hyrtl's anastomosis in cases of blood flow discordance in 
the umbilical arteries.68 These authors found that when 
placental territories of one umbilical artery force increased 
resistance to fetal blood flow –Hyrtl's anastomosis redis
tributes blood in the second umbilical artery, reducing the 
high-pressure gradients in the affected artery.68 

Conversely, when one of the umbilical arteries conducts 
a smaller blood flow into the placenta and a relatively 
smaller pressure is developed, Hyrtl's anastomosis rebuilds 
the pressure gradient in the affected umbilical artery, redis
tributing blood flow and improving placental perfusion.67

Raio et al in 1999 reported two cases of in utero 
depiction of blood flow within Hyrtl's anastomosis 
with a pulsatile blood flow from the umbilical artery 
with a higher resistance index to the umbilical artery 
with a lower resistance index.2 This finding was con
firmed after delivery, supporting the hypothesis that 
Hyrtl's anastomosis functions in equalizing blood pres
sure between the two umbilical arteries and regulating 
blood pressure within the placental lobes.2 This same 
group of investigators in 2001 reported a series of 
functional evaluations of Hyrtl's anastomosis in 41 
women, measuring the resistance index of the anasto
mosis and the umbilical arteries proximal and distal to 
the anastomosis.3 The direction of blood flow within the 
anastomosis was depicted by color Doppler imaging. An 
anastomosis between the two stems of the umbilical 
arteries was present in 36/41 cases, and fusion of the 
two umbilical arteries was noted in the remaining five 
cases.3 The mean diameter of the anastomosis was 
2.3 mm (1.3–7.1), and the pulsatile blood flow within 
the anastomosis exhibited a mean resistance index of 
0.62 (0.45–0.85) and was unidirectional towards the 
umbilical artery with a lower resistance index. The 
difference between the resistance indices of the two 
umbilical arteries was noted to be higher distal, rather 
than proximal to the anastomosis [0.07 (0–0.30) versus 
0.04 (0–0.17), P = 0.05]. The median diameter of Hyrtl's 
anastomosis was considerably higher when the anasto
mosis was oblique (n=8) than when it was transverse 
(n=28) [4.8 mm (2–7.1) versus 2.3 mm (1.3–1.5), P < 
0.05]. Interestingly, in three of the five cases with fused 
umbilical arteries, the umbilical cord placental insertion 
was marginal or velamentous. These data were consid
ered to substantiate the hypothesis that this unique ana
stomosis functions as a “pressure – equalizing” 

mechanism between the two umbilical arteries, which 
is likely of clinical importance when the areas within 
the placenta supplied by the umbilical arteries differ in 
size.3

Bhutia et al in 2014 assessed umbilical cords and 
placentas of 100 normotensive patients versus those of 
100 patients with “pregnancy-induced” hypertension.69 

A single anastomosis was observed in 167 specimens, 
the umbilical arteries were fused in 16 cases, there was 
no anastomosis in 15 cases, and there was a single 
umbilical artery in two cases. A double anastomosis 
was noted in one case of a patient with hypertension.69 

Overall, these authors reported that the morphology of 
Hyrtl's anastomosis considerably differed between nor
motensive versus hypertensive patients. The incidence of 
a transverse versus an oblique anastomosis was higher, 
the length of the anastomosis and its distance from the 
umbilical cord insertion were shorter among specimens 
of hypertensive compared with normotensive patients. 
The significance of these findings (if any) is unclear.69

Donepudi et al recently reported a recent interesting 
case of repeated intrauterine transfusions (between 19 and 
35 weeks’ gestation) complicated by umbilical artery 
thrombosis following the fifth intrauterine transfusion.70 

Further transfusions were uneventful, and delivery at term 
of an uncompromised infant was reported. The authors 
propose that although the complication of umbilical artery 
thrombosis is unusual and optimal management is unclear, 
the presence of Hyrtl's anastomosis may explain the reas
suring fetal status throughout the pregnancy despite the 
post-transfusion umbilical artery thrombosis.70

Thus, it is apparent that Hyrtl's anastomosis may play 
a formidable function, especially in the context of com
pensatory prevention of potential fetal compromise due to 
vascular/placental insufficiency. Notwithstanding, prenatal 
sonographic depiction of Hyrtl's anastomosis is not cur
rently applied and remains an investigational tool.

Number of Umbilical Vessels
Following spontaneous atrophy of the second umbilical 
vein throughout the second month of pregnancy, the nor
mal umbilical cord contains a single umbilical vein direct
ing oxygenated blood towards the fetus and subsequently 
through the ductus venosus – bypassing the fetal liver 
directing the high-velocity oxygenated blood preferentially 
towards and across the foramen ovale to the left side of the 
fetal heart, to the brain, heart and adrenals, thus bypassing 
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the right side of the fetal heart, and two umbilical arteries 
emanating from the fetal hypogastric arteries.1

Single Umbilical Artery
Single umbilical artery is the most common structural 
anomaly of humans, with a noted incidence of between 
0.63% and 1% of newborns.1 Rembouskos et al deter
mined a possible association between a single umbilical 
artery (SUA) at 11–14 weeks of gestation and the inci
dence of chromosomal abnormalities.71 Utilizing color 
Doppler imaging of the fetal pelvis, these authors deter
mined the number of umbilical arteries in 717 fetuses 
immediately before chorionic villus sampling for karyo
typing at 11–14 weeks’ gestation. These authors noted the 
presence of a single umbilical artery (SUA) in 21/634 
(3.3%) euploid fetuses, in 5/44 (11.4%) fetuses with 
Trisomy 21, 14/18 (77.8%) fetuses with Trisomy 18 and 
2/21 (9.5%) with a variety of chromosomal abnormalities. 
No significant differences in median fetal crown-rump 
length or nuchal translucency (NT) between those with 
a single and those with two umbilical arteries in the 
chromosomally normal group were noted. Among 42 
fetuses with SUA, the expected number of cases of 
Trisomy 21, estimated according to maternal age, gesta
tional age and fetal NT, was 4.7, not significantly different 
from the observed 5. Corresponding numbers for Trisomy 
18 were 2.0 for expected and 14 for observed (Fisher’s 
exact test P = 0.0016). Thus, these authors concluded that 
a SUA at 11–14 weeks’ gestation has a strong association 
with Trisomy 18 and other chromosomal abnormalities.71

Blazer et al prospectively assessed 46 consecutive 
pregnancies in which they identified the side of the present 
umbilical artery in fetuses with a single umbilical artery.72 

The majority of cases were identified by transvaginal 
sonography between 14 and 16 weeks’ gestation. A right- 
sided umbilical artery was detected in 25 fetuses (54.3%), 
and a left-sided umbilical artery in 21 cases (45.7%). Six 
fetuses (13%) had associated anomalies, five of which 
were in the urinary system. No correlation was found 
between the type or severity of the malformations and 
the side of the missing (or present) umbilical artery. We 
concur with these authors that the exact location of 
a single umbilical artery can be reliably determined by 
ultrasonography from the beginning of the second trime
ster of pregnancy. The selection process of the missing (or 
present) vessel is likely random, even though the right 
single artery is seen slightly more frequently.72

Friebe-Hoffmann et al performed an analysis of 1169 
women with singleton pregnancies diagnosed with SUA.73 

Overall, 989 fetuses (84.6%) had an isolated single umbi
lical artery, while 180 fetuses (15.4%) had additional 
structural and/or chromosomal abnormalities. Fetuses 
with SUA exhibited lower birth weights (2825 grams 
versus 3220 grams) (P < 0.001), increased rates of preterm 
delivery before 34 weeks’ gestation 13.7% versus 3.8% (P 
< 0.001), and sonographically estimated fetal weights to be 
lower than the 5th centile (21.6% versus 9.3%) (P < 
0.001).73 In 5.1% (60) infants, chromosomal or structural 
anomalies were detected following birth. Another recently 
published study (of 786 (0.3%) of 233,123 deliveries) also 
found an isolated single umbilical artery, an independent 
predictor of adverse perinatal outcomes.74 Adverse out
comes associated with an isolated single umbilical artery 
included: placental abruption (OR=3.4), umbilical cord 
true knot of the umbilical cord (OR=3.5), umbilical cord 
prolapse (OR=2.8), and induction of labor and Cesarean 
delivery (OR =1.5 and OR=1.9, respectively, compared to 
the control group and perinatal mortality rates were higher 
both antenally (IUFD OR=8.1) and postnatally (PPD 
OR=6.1).74

In fetuses with a single umbilical artery, the entire 
blood flow to the placenta is delivered through only one 
umbilical artery, which results in a compensatory increase 
in the single arterial diameter. Sepulveda at al measured 
umbilical vein and umbilical artery diameters in 55 fetuses 
with a single umbilical artery and in 55 with a normal 
three-vessel cord matched for gestational age.75 In all but 
one fetus with a single umbilical artery, the diameter of the 
umbilical artery was greater than 50% of that of the 
umbilical vein, resulting in an umbilical vein-to-umbilical 
artery ratio of ≤2. In contrast, none of the fetuses with 
a three-vessel cord had a ratio of ≤2. Increasing the dia
meter of the umbilical artery without modification of the 
diameter of the vein was therefore noted as a characteristic 
prenatal ultrasonographic feature of a single umbilical 
artery, rendering this interesting (and logical) observation, 
a useful technique for the detection of this vascular anom
aly in utero.75

As mentioned earlier, the presence of two umbilical 
arteries may be seen as an “inherent protection system” of 
the fetus in the event of compression of the umbilical cord 
preceding delivery. In the event of compression of the 
umbilical artery, the Hyrtl anastomosis between the two 
umbilical arteries enables potential unimpaired continua
tion of placental perfusion despite the compression, or 
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even complete cessation of flow in one of the umbilical 
arteries. This potential cord compression safety mechan
ism is notably absent in the presence of a single umbilical 
artery. Following documentation of a fetus with a single 
umbilical artery, further complicated by the presence of 
a double nuchal cord, during electronic fetal monitoring, 
we noted a prolonged fetal bradycardia necessitating 
immediate Cesarean delivery of an uncompromised 
neonate.64 We hypothesized that the umbilical cord com
pression with the double nuchal cord might have been 
considerably compromised by the absence of a second 
“protective” umbilical artery.64 Furthermore, we similarly 
observed other occurrences of double nuchal cord in asso
ciation with a single umbilical artery in which prolonged 
fetal bradycardias in the third-trimester necessitated 
immediate Cesarean delivery of non-compromised neo
nates on at least on two other separate occasions. 
Although the potential impact of a single umbilical artery 
and possible associated diminished capability of the fetus 
to tolerate compression of the nuchal cord(s) has not been 
reported by others, we recommend increased fetal testing 
(prolonged fetal heart rate monitoring) when documenting 
the co-existence of these two otherwise unassociated 
events [nuchal cord(s) in the presence of a known single 
umbilical artery] occur simultaneously, and are more likely 
to necessitate delivery upon notation of fetal heart rate 
changes.

Supernumerary Umbilical Veins
Supernumerary umbilical veins represent a rare structural 
anomaly of the umbilical cord often (yet not always) 
associated with additional fetal anomalies. Painter and 
Russell described the notation of a four-vessel umbilical 
cord (containing two umbilical arteries and two umbilical 
veins) in an autopsy of a macerated stillborn infant.76 This 
finding (which was noted throughout the entire length of 
the umbilical cord) was thought to have resulted from the 
rare persistence of the right umbilical vein, which, as 
described previously, usually regresses. Additional struc
tural anomalies included ectopia cordis, a symmetrical 
bifid liver, bilateral cleft lip and palate with absent soft 
palate and uvula. A similar report of a newborn with 
a four-vessel umbilical cord (containing two umbilical 
arteries and two umbilical veins) was similarly attributed 
to a persistent right umbilical vein associated with fetal 
hydrops and hypertrophic cardiomyopathy.77 The infant 
succumbed at 4 hours of age due to circulatory and 
respiratory insufficiency. Puvabanditsin et al reported 

a fetus with a four-vessel umbilical cord (throughout the 
entire length of the cord) also attributed to a rare persis
tence of the caudal portion of the right umbilical vein, with 
numerous associated structural anomalies including: agen
esis of the cerebellar vermis, dextrocardia, situs ambigu
ous, atrioventricular canal, hypoplastic left ventricle and 
aortic arch, bilateral superior vena cava, interrupted infer
ior vena cava, and malrotation of the intestines.78 The 
infant survived after multiple corrective surgeries.

Interestingly, an unusual case in which a prenatal ultra
sound at 28 weeks’ gestation demonstrated a singleton 
growth-restricted fetus and oligohydramnios with a single 
umbilical artery containing a supernumerary (persistent 
right) umbilical vein, was reported in 2013.79 Stillbirth 
occurred at 30 weeks’ gestation. Pathology assessment of 
the umbilical cord confirmed the sonographic findings.79 

Although no external gross fetal structural anomalies were 
noted, the parents declined an autopsy.

In contrast, a supernumerary umbilical vein is not 
always associated with dire prognosis, as cases with pre
natal sonographic depiction of this condition have been 
reported without adverse neonatal outcomes.80,81

Supernumerary Umbilical Arteries
Other than being in association with conjoined twins (see 
following), cases of >2 umbilical arteries are extremely 
rare. Du et al reported a rare occurrence of stillbirth at 33 
weeks’ gestation with subsequent notation (and histo
pathology confirmation) of three umbilical arteries and 
one vein throughout the entire length of the umbilical 
cord.82 Although no external gross fetal structural anoma
lies were noted, the parents declined autopsy. The etiology 
of this unusual event is unclear, yet may reflect abnormal 
fusion of the paired dorsal aortas during early embryogen
esis or alternatively, during embryogenesis, when the pri
mitive umbilical arteries connect with the descending 
aorta.82

Supernumerary Umbilical Vessels 
Associated with Conjoined Twins
A multi-vessel umbilical cord is considered a prenatal 
sonographic indicator of possible conjoined twinning.83 

Numerous variations in supernumerary umbilical vessels 
(including combinations of two to four arteries and one to 
four veins) have been reported in association with con
joined twins.83
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Hecht et al described four such cases.84 In the first 
case, each umbilical cord contained three vessels (two 
arteries and one vein) and accounted for six umbilical 
vessels in the merged part of the umbilical cord. In 
the second case, the merged umbilical cord contained 
four vessels (two single arteries and two veins). In the 
third and fourth cases, the merged umbilical cord con
tained only three vessels (two arteries, one vein). These 
authors concluded that the above observations likely 
reflect that the development of the umbilical vessels occurs 
during late embryogenesis (8–12 days after fertilization) 
before the twinning process of conjoined twins begins (day 
13). Thus, the development of the umbilical cord vessels 
should not be affected by the twinning process, and that 
the type of conjoined twins and the extent of sharing of 
fetal organs may influence the number of umbilical cord 
vessels. These authors concluded that it appears that the 
fewer vessels within the umbilical cord of conjoined twins, 
the more complex the fetal fusion.84

A recent prenatal sonographic diagnosis of thoraco- 
omphalopagus conjoined twins in our unit at 23 weeks’ 
gestation depicted an umbilical cord with a single umbili
cal vein and four umbilical arteries throughout the length 
of the entire umbilical cord (Figure 3).

Thomas et al described prenatal sonographic diagnosis 
of appropriate for gestational age, monochorionic dia
mniotic twins with an unusual single umbilical cord con
taining two veins and four arteries, which subsequently 
divided into two separate umbilical cords, each with three 
vessels, two umbilical arteries and one umbilical vein.85

Forked Umbilical Cords in Twins
Fraser et al reported liveborn monoamniotic twins with 
a forked umbilical cord. Pathology examination confirmed 
a marginally inserted two-vessel umbilical cord bifurcating 
at an 8 cm distance from the placenta into two separate 
three-vessel umbilical cords supplying each twin.86 

Prenatal sonographic diagnosis of cases of forked umbili
cal cord of monochorionic monoamniotic, monochorionic 
diamniotic and conjoined twins has been reported.85,87–90

Coiling of the Umbilical Cord
Umbilical cord coiling, present from the mid-first trime
ster, represents another teleological protective mechanism 
protecting the umbilical cord from lateral shearing and 
potential compression forces.

Decreased Coiling
Strong et al (recognizing the absence of these protective 
mechanisms of the umbilical cord with decreased coiling) 
noted clinical findings suggesting that fetuses with non- 
coiled umbilical blood vessels are at increased risk for 
perinatal morbidity and mortality.91 To quantitate umbili
cal vascular coiling, Strong and associates described the 
coiling index by dividing the total number of complete 
umbilical vascular coils by the umbilical cord length in 
centimeters.91 The mean umbilical coiling index = 0.21 ± 
0.07 (SD) coils per centimeter.91 An increased risk of 
adverse perinatal outcomes is associated with decreased 
umbilical cord coiling. Among fetuses with umbilical coil
ing index values ≤10th centile, these authors noted 
a significantly greater incidence of karyotype abnormal
ities (P=0.04), meconium-staining (P=0.03), and operative 

Figure 3 Umbilical cord of thoraco-omphalopagus twins at 23 weeks’ gestation. 
Upper panel: Axial image of the umbilical cord of thoraco-omphalopagus twins at 23 
weeks’ gestation. Note the single umbilical vein and four (4) umbilical arteries 
(vessels are depicted en face). Lower panel: Doppler energy imaging of thoraco- 
omphalopagus twins at 23 weeks’ gestation. This image depicts a sagittal view of the 
umbilical vein, and adjacent four umbilical arteries. As in upper panel, note the single 
umbilical vein and four (4) umbilical arteries.
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delivery of fetal distress (P=0.03). There was 
a significantly greater incidence of moderate or severe 
variable fetal heart rate decelerations for fetuses with 
umbilical coiling index value ≤10th centile (0.1 coils/cm) 
or ≥90th centile (0.3 coils/cm).91 These investigators later 
reported that among 200 consecutive live-born infants, the 
mean umbilical coiling index among those with nuchal 
cords (0.18 ± 0.09 coils/cm) was significantly lower than 
among the group without nuchal entanglement (0.21 ± 
0.07 coils/cm), P = 0.01.92 Among fetuses with umbilical 
coiling indices ≤0.0 coils/cm, 42% had nuchal cords, while 
in contrast only 4.8% of infants with umbilical cords 
indices ≥0.3 coils/cm had nuchal cords (P=0.007). These 
authors thus reported an association between the density of 
umbilical vascular coiling and nuchal entanglement.92

Rana et al in 1995 assessed 635 placentas and umbili
cal cords from deliveries >24 weeks’ gestation and noted 
that patients with hypocoiled cords (<10th centile) exhib
ited higher rates of fetal heart rate (FHR) abnormalities 
and interventional delivery than among patients with nor
mocoiled umbilical cords [28.6% versus 15.9% (P=0.01) 
and 19% versus 7.1% (P=0.002), respectively].93

Increased Coiling of the Umbilical Cord
Hypercoiling of the umbilical cord has been associated with 
an increased risk of adverse perinatal outcome.94 Ernst et al 
in 2013 defining hypercoiled umbilical cords (>3 coils/ 
10 cm) assessed 318 placentas/umbilical cord with hyper
coiled umbilical cords and assigned major umbilical gross 
coiling patterns (undulating, rope, segmented and linked, 
each with progressively deeper indentations in cord 
diameter).94 The rope pattern was the most common 
(52%), followed by the undulating (26%), segmented 
(19%) and linked (3%) patterns. Segmented and linked 
gross coiling patterns significantly correlated with histologic 
evidence of chronic fetal vascular obstruction and stillbirth, 
compared with the rope and undulating patterns. Cords with 
right twists significantly correlated with histologic evidence 
of chronic fetal vascular obstruction and stillbirth compared 
with cords with left twists. Interestingly, in this study, the 
number of cord coils per 10 cm did not correlate with any 
of the outcome variables.94

In the previously mentioned study by Rana et al, 
patients with hypercoiled umbilical cords (>90th centile) 
compared with those with normocoiled umbilical cords 
exhibited higher rates of premature delivery [33.3% versus 
12% (P < 0.0001) and increased incidence of cocaine use 
12.7% versus 3.3% (P=0.0006), respectively].93

Machin et al reported frequencies and clinical correla
tions of abnormally coiled cords among 1329 cases referred 
for placental pathology assessment.95 Of cases assessed, 
21% were “overcoiled” and 13% “undercoiled”. 
Correlations noted in association with “overcoiled” cords 
were; stillbirth (37%), fetal intolerance to labor (14%), 
fetal growth restriction (10%), and chorioamnionitis (10%). 
For “undercoiled” cords, the frequencies of these outcomes 
were, 29%, 21%, 15% and 29%, respectively. Abnormal 
coiling was associated with thrombosis of chorionic plate 
vessels, umbilical venous thrombosis, and cord stenosis.95

Interestingly, emerging data from twin gestations do 
not support a genetic basis for the umbilical cord coiling 
index.65,96 In addition, the previously mentioned study by 
Cromi et al confirmed that among all twin pairs, 
a discordant umbilical coiling pattern was observed 
between donor and recipient twins. These authors’ preva
lence of uncoiled and hypocoiled umbilical cords was 
higher among donor twins, while hypercoiling and atypical 
coiling occurred more frequently among recipient twins.65

Discordant Umbilical Arteries
Dolkart et al, in 1996, first described discordance in size 
between the umbilical arteries in six patients.97 Cross- 
sectional and longitudinal views from multiple locations 
of the three vessel umbilical cords documented size dis
crepancies in a total of 23 serial assessments. Doppler 
evaluations of the dissimilar arteries demonstrated discor
dant flow velocity waveforms. The mean difference 
between the small and large artery systolic diastolic ratios 
(S/D) was significant (P < 0.0001). Interestingly, two of 
the six patients had adverse perinatal outcomes. Pathology 
assessment of the artery discordance was confirmed by 
both gross and microscopic evaluation of the umbilical 
cords following delivery.97

Petrikovski and Schneider in 1996 reported regarding 
“hypoplastic umbilical artery” (defined as a three-vessel 
umbilical cord with an artery–artery diameter discordance 
of >50%), identifying 12 such cases over six years.98 

Associated abnormalities included: trisomy 18 (n=1), 
polyhydramnios (n=1), congenital heart disease (n=1), 
fetal growth restriction (n=2). Maternal diabetes was pre
sent in four cases. Thus, these authors noted that the 
presence of a hypoplastic umbilical artery is associated 
with increased perinatal morbidity and congenital abnorm
alities, with a high incidence of diabetes, and concluded 
that the prenatal finding of a hypoplastic umbilical artery 
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should be followed with echocardiography and increased 
fetal surveillance.98

In contrast, Raio et al, in 1998, reported discordance 
between umbilical arteries in 14 of 1012 patients.99 

Umbilical artery diameters and areas differed significantly 
between discordant arteries [diameter 2.9 (1–4.3) versus 
4.5 (3.8–6.5) mm P < 0.001; area 6.6 (0.78–15.5) versus 
16.25 (11.33–33.16)]. Significant discordance between 
umbilical artery diameters was confirmed after delivery. 
Abnormal insertion of the umbilical cord or a placental 
anomaly was noted in 6 of the 14 cases with umbilical 
artery discordance. Perinatal death occurred only in 
a trisomic infant born at 24 weeks’ gestation. These 
authors concluded that newborns with discordant umbilical 
arteries are generally uncompromised, yet placental 
anomalies are common among this group of patients.99

Later, Predanic and Perni in 2006 concurred, noting 
that umbilical artery diameter discordance of 29.5% (the 
95th centile) was not associated with increased adverse 
perinatal outcome.100

Thus, the significance of umbilical arteries discordant 
in diameter remains undetermined.

Structural Abnormalities of the 
Umbilical Cord
Furcate Insertion of the Umbilical Cord
In this rare condition, as the name suggests, the umbilical 
vessels branch and separate from the umbilical cord sub
stance prior to insertion in the placenta (Figures 4 and 5).1 

Thus, the umbilical vessels distal to the branching are left 
unprotected by Wharton’s jelly and are covered only by 
amnion epithelium and as such, remain prone to thrombo
sis and injury.1 Fatal fetal hemorrhage has been associated 
with this condition following rupture of the umbilical vein 
at the site of insertion of the umbilical cord.101 Prenatal 
sonographic diagnosis of furcate insertion of the umbilical 
cord has been reported infrequently.102–104 Given the fixed 
anatomical location of this rare, potentially lethal condi
tion, the application of color Doppler imaging and the 
recommendation by governing bodies that the placental 
insertion of the umbilical cord should be documented 
when possible, this condition may be reported more 
frequently.

Velamentous Insertion
Velamentous insertion occurs when umbilical vessels 
unsupported by either umbilical cord or placental tissue 

traverse the fetal membranes between the amnion and 
chorion prior to insertion in the placenta and are noted in 
approximately 1% of singleton term deliveries.1,105,106 

This condition is associated with multiple gestations and 
a single umbilical artery.1 Complications of velamentous 
insertion of the umbilical cord include compression during 
labor – resulting in non-reassuring fetal status potential 
rupture of membranous vessels (usually the umbilical 
vein), arterial or venous thrombi, or the presence of vasa 
previa.1 In a retrospective cohort study of 482,812 preg
nancies, 0.48% were complicated by velamentous cord 
insertion.105 Pregnancies complicated by velamentous 
cord insertion were associated with an increased risk of 

Figure 4 Monochorionic diamniotic twin gestation with reverse twin arterial 
perfusion (TRAP) sequence at 32 and 1/7 weeks’ gestation. Upper panel: Note 
furcate, marginal insertion of umbilical cord of the pump (normal twin). Lower 
panel: The umbilical cord of the pump twin feeds directly to the umbilical cord of 
the acardiac twin’s placenta. The short and hypocoiled umbilical cord of the acardiac 
twin (image) contains two vessels and does not communicate with the placenta.
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stillbirth (2.6% vs 0.28%, p = 0.001), small for gestational 
age (16.93% vs 10.17%), preterm delivery <37 weeks 
(12.5% vs 9.1%, p = 0.001), manual removal of the pla
centa (14.47% vs 0.76%, p = 0.01), and postpartum 
hemorrhage (6.66% vs 2.88%, p = 0.001). The adjusted 
odds for stillbirth after adjusting for confounders was more 
than nine times higher among pregnancies complicated by 
the presence of velamentous cord insertion (aOR 9.56; 
95% CI 6.76–13.5) vs those without velamentous cord 
insertion.105 Similar confirmation that isolated velamen
tous cord insertion is associated with adverse perinatal 
outcomes in singleton (and twin) gestations was reported 
in 2018 in a case–control study by Sinkin et al.107

Heinonen et al reported increased associations with 
preterm labor (OR = 2.12), low 1 and 5 minute Apgar 
scores (OR = 1.76, and 2.47, respectively), small-for- 
gestational age (OR = 1.54) and abnormal intrapartum 
fetal heart rates (OR = 1.59).108

Buchanan-Hughes et al in a systematic review reported 
an incidence between 0.4% and 11% in singleton pregnan
cies with an increased incidence among twin pregnancies r 
(1.6–40%).109 The incidence of velamentous insertion was 
increased among in-vitro fertilization (IVF) pregnancies 

and nulliparous women, and was found to be associated 
with adverse perinatal outcomes including preterm deliv
ery, emergency Cesarean delivery in singleton pregnan
cies, and perinatal mortality among twins.109

Prenatal sonographic diagnosis of velamentous inser
tion of the umbilical cord has been reported as early as the 
first-trimester.110,111 Following utilization of color Doppler 
imaging, the sensitivity and specificity of prenatal sono
graphic diagnosis of this condition have improved consid
erably and range between 69% and 100% and between 
95% and 100%, respectively.112–115

Velamentous Insertion in Twins
The incidence of velamentous insertion is increased 
among twin gestations.106,107,116 Associated adverse peri
natal outcomes of velamentous cord insertion among twins 
are reportedly higher than those associated with singleton 
gestations.107 Fries et al in 1993 studied 38 cases of 
monochorionic-diamniotic twins were identified, 11 of 
which manifested as twin–twin transfusion syndrome.117 

The prevalence of velamentous cord insertion in the trans
fusion syndrome group was 63.6%, compared with 18.5% 
in those without (P < 0.01). Twin–twin transfusion syn
drome pregnancies with velamentous insertions were 
delivered at significantly earlier gestational ages; had 
fewer surviving infants and were more likely to have 
been treated prenatally than transfusion syndrome preg
nancies without velamentous insertion, although these lat
ter two findings were not significantly different. These 
authors concluded that velamentous cord insertions are 
more common in twin–twin transfusion syndrome preg
nancies and may contribute to the development of clear 
discordance in fluid volumes, following that the membra
nously inserted cord can be easily compressed, reducing 
blood flow to one twin. Reduction amniocentesis may 
reduce this compressive force on the cord insertion, thus 
explaining the success of this mode of intervention.117

Lee et al recently studied pathologically confirmed 
velamentous cord insertions and perinatal outcomes of 
941 sets of twins with prenatal sonographic diagnosis, 
according to chorionicity.116 The prevalence of velamen
tous insertion in dichorionic twins and monochorionic 
twins was 5.8% and 7.8%, respectively (P = 0.251). The 
prevalence of vasa previa and placenta accreta sequence 
was higher among patients with versus those without vela
mentous insertion (P = 0.008 and 0.022, respectively). 
Among monochorionic diamniotic twin gestations with 

Figure 5 Post delivery image of the placenta and respective umbilical cords of 
a monochorionic diamniotic twin gestation with reverse twin arterial perfusion 
(TRAP) sequence delivered spontaneously at 38 weeks’ gestation. Note marginal 
furcate insertion of the umbilical cord (Figure 4A) of the pump (normal twin) on the 
right. The umbilical cord of the pump twin feeds directly to the umbilical cord of the 
acardiac twin’s placenta. The umbilical cord of the acardiac twin contains two 
vessels and does not communicate with the placenta (Figure 4B).
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velamentous cord insertion, birth weight, 1 and 5 minute 
Apgar scores were lower than dichorionic twins with vela
mentous insertion (P= 0.01, 0.002 and 0.000). There was 
no significant association between velamentous insertion 
and selective fetal growth restriction (P = 0.486), twin– 
twin transfusion syndrome (P = 0.4), and birth weight 
discordance (>20% and >25%)(p = 0.378 and 0.168, 
respectively) in monochorionic diamniotic twins.17 

Although these authors did not note a difference in the 
incidence of velamentous insertion based upon chorioni
city, other authors have reported a higher incidence of 
velamentous insertion among monochorionic versus 
dichorionic twins.118

Of note, the presence of velamentous insertion of the 
umbilical cord among monochorionic twin gestations in 
a study by Castro-Costa et al of 630 monochorionic twin 
gestations was not associated with the development of 
twin–twin transfusion syndrome but was associated never
theless with an increase in adverse perinatal outcome.118 

The presence of velamentous insertion in one twin was 
significantly associated with small for gestational age 
(SGA) status (OR: 1.45, 95% CI 1.13–1.87), and severe 
birth weight discordance (OR 3.09, 95% CI 1.93–4.96). In 
addition, a significant interaction between twin–twin trans
fusion and velamentous insertion was noted when consid
ering stillbirth and gestational age at birth. The prevalence 
of stillbirth in monochorionic pregnancies without twin– 
twin transfusion increased from 4.6% to 14.1% in the 
presence of velamentous insertion (P = 0.027). In the 
twin–twin transfusion group, the prevalence of stillbirth 
was comparable in the absence or presence of velamentous 
insertion. Similarly, gestational age at birth was signifi
cantly lower in the presence of velamentous insertion only 
in the non-twin–twin transfusion group. Thus, these 
authors concluded that velamentous insertion is not asso
ciated with the development of twin–twin transfusion syn
drome but increases the risk of adverse outcomes.118 Both 
velamentous insertion and twin–twin transfusion (indepen
dent of each other) increase the prevalence of stillbirth and 
lower gestational age at birth in a similar fashion, demon
strating that velamentous cord insertion is an important 
indicator of adverse perinatal outcome among monochor
ionic twins.118 In a similar study, Yonetani et al assessed 
357 monochorionic diamniotic twin gestations, noting that 
velamentous insertion was present in both twins in 2.5% of 
cases and in at least one twin in 22.1% of cases.119 These 
authors concurred with a previous study by Costa-Castro 
that velamentous insertion in monochorionic twin 

pregnancies is not a risk factor for twin–twin transfusion 
syndrome, yet differed in that they noted an association 
between velamentous insertion and the risk of severe peri
natal morbidities.119 The observation that velamentous 
cord insertion and unequal placental territory are not cri
tical factors for the development of twin–twin transfusion 
syndrome was supported by a study of 76 monochorionic 
placentas with TTTS and 63 monochorionic placentas by 
Lopeiore et al.120 Couck et al studied 518 monochorionic 
pregnancies and concluded that velamentous cord insertion 
in one or both twins will increase the risk of adverse 
outcome and twin–twin transfusion syndrome.121

Khalafat et al studied 497 twin gestations, 351 (70.6%) 
of which were dichorionic and 146 (29.4%) were mono
chorionic and confirmed that monochorionic twins with 
velamentous insertion are at increased risk of birth weight 
discordance and selective fetal growth restriction.122

In a meta-analysis and systematic review of twenty 
studies regarding this topic, Lin et al note data that suggest 
an association between velamentous insertion and birth 
weight discordance and selective fetal growth 
restriction.123 Notwithstanding, they noted that the asso
ciation between velamentous cord insertion and twin–twin 
transfusion may be overestimated, and that further 
research is required.123 Thus, the contribution, if any, of 
velamentous insertion in the development of twin–twin 
transfusion and overall adverse perinatal outcome in 
these patients is not without controversy and remains 
undetermined. Sherer et al also reported an association 
between velamentous umbilical cord insertion and growth 
discordance among twins.124

Finally, Gulersen et al noted an interesting case of 
prenatal sonographic diagnosis of velamentous insertion 
of the cord in the intervening membrane between twins.125

Succenturiate Placenta
Prenatal sonographic diagnosis of succenturiate (and bilo
bate) placenta, both similarly potential predisposing fac
tors for vasa previa, have been reported.126–130 

Sonographic findings of these similar entities are rather 
straightforward and consist of the notation of placental 
tissue without continuity (occupying areas at a distance 
from each other) yet connected by fetal vasculature.

Vasa Previa
Vasa previa is a rarely reported condition in which fetal 
blood vessels, unsupported by either the umbilical cord or 
placental tissue, traverse the fetal membranes within the 
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lower segment of the uterus caudal to the presenting part. 
Undetected vasa previa carries a high fetal mortality rate 
(ranging between 33% and 100%) due to potential cata
strophic fetal hemorrhage following rupture of fetal 
membranes.131–133 Vasa previa has been reported to 
occur at an incidence of between 0.07% and 0.08% of 
deliveries,134–136 or alternatively at 0.46–1 per 1000 
deliveries137–140 or 1:2500 deliveries,141 or 2.1 per 
10,000 deliveries,142 or considerably higher at approxi
mately 1:260 IVF pregnancies,134 This condition lends 
itself with relative ease to prenatal transvaginal sono
graphic diagnosis. Interestingly, approximately 85% of 
cases of vasa previa have one or more identifiable risk 
factors, including multiple gestations, in-vitro fertilization, 
bilobed, multilobed, succenturiate-lobed, low-lying pla
centas, and velamentous insertion of the umbilical 
cord.132,134,143 Approximately 11% of cases are without 
existing risk factors.144

In a multicenter study of 155 pregnancies complicated 
by the presence of vasa previa, Oyelese et al reported an 
overall perinatal mortality of 36% (55/155).133 In 39% 
(61/155) of cases, vasa previa was diagnosed prenatally; 
97% of neonates with prenatal sonographic diagnosis 
survived (59/61) compared with 44% (41/94) in cases 
without prenatal diagnosis (P < 0.001). Median 1 and 
5 minute Apgar scores in cases with prenatal diagnosis 
were 8 and 9, versus 1 and 4, respectively, among survi
vors without prenatal diagnosis (P < 0.001). More than 
half (24/41) of survivors born to mothers without pre
natal diagnosis required blood transfusion versus 2/59 of 
those diagnosed prenatally (P < 0.001). The only predic
tors of neonatal survival were prenatal diagnosis (P < 
0.001) and gestational age at delivery (P=0.01).133 These 
authors concluded that favorable outcomes with this con
dition depend upon prenatal diagnosis and indicated 
Cesarean delivery at 35 weeks’ gestation (or earlier 
should rupture of membranes, labor, or significant 
hemorrhage occur).133

Ruiter et al performed a systematic review of the 
accuracy of ultrasound in the prenatal diagnosis of vasa 
previa with papers scored on methodological quality by 
using the Quality Assessment of Diagnostic Accuracy 
Studies Tool (QUADAS-2), extracting sensitivity and spe
cificity data.138 The QUADA-2 tool reflected poor metho
dology in six of the eight studies, and prenatal detection 
rates ranged between 53% (10/19) and 100% (total of 
442,633 patients) including 138 vasa previa cases. In the 
two prospective studies (n=33,795 patients including 11 

cases of vasa previa), midtrimester transvaginal ultrasound 
color Doppler imaging detected all cases (sensitivity, 
100%, specificity ranging between 99.0% and 99.8%).138 

Catanzarite and Kulkarni reported similarly high specifi
cities regarding prenatal diagnosis of vasa previa of 91% 
and 94.3%, respectively.145,146

It should be noted that patients with mid-trimester 
sonographic diagnosis of vasa previa, may subsequently 
undergo spontaneous resolution of this condition with 
advancing gestational age.147 In a retrospective cohort 
study of 100 patients with prenatal diagnosis of vasa pre
via (defined as the presence of a fetal vessel within 2 cm of 
the internal os) at a mean gestational age of 22.8 ± 4.9 
weeks’ gestation, 39 patients (39%; 95% CI 30–49%) 
were noted to have a resolution at a mean gestational age 
of 28.6 ± 4.7 weeks.147 Factors associated with vasa previa 
resolution included an earlier gestational age at diagnosis 
(aOR 6.1; 95% CI 1.92–19.4), vasa previa, which did not 
cover the internal os (aOR 8.29, 95% CI 2.79–24.62), and 
vasa previa was not the result of resolution of placenta 
previa (aOR 2.85, 95% CI 1.01–8.03). These authors 
advocate that patients with vasa previa should be observed 
serially to assess for possible subsequent vasa previa reso
lution, following that many will resolve in the third 
trimester.147

Following that correct prenatal sonographic diagnosis 
of vasa previa is essential in achieving favorable neonatal 
results, Ranzini and Oyelese detail practical points and 
useful tips in the sonographic screening evaluation of 
patients for vasa previa.140

Of note, the International Society of Ultrasound in 
Obstetrics and Gynecology (ISUOG), the American 
Institute of Ultrasound in Medicine (AIUM) and the 
Royal College of Obstetricians and Gynecologists 
(RCOG) do not currently recommend screening for vasa 
previa,140 yet such has been noted to be effective in some 
reports.135,148,149 Current ACOG/SMFM guidelines 
recommend Cesarean delivery in prematurity at approxi
mately 35 weeks’ gestation following sonographic diag
nosis of this potentially life-threatening condition.149,150

Correct prenatal diagnosis of vasa previa is critical to 
prevent intrapartum stillbirth as a result of fetal exsangui
nation. Despite the absence of sufficient evidence to sup
port the universal mid-gestation ultrasound screening, 
recent data indicate the need for standardized prenatal 
targeted screening protocols for patients at increased risk 
of vasa previa.138,140,143 Ranzini and Oyelese recently 
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stressed the three steps necessary for screening for vasa 
previa.140

1. Detailed assessment of the umbilical cord insertion 
site.

2. Verify the absence of a bi-lobe or succenturiate lobe 
of the placenta.

3. Detailed assessment of the lower uterine segment in 
all patients with spontaneous resolution of low- 
lying or placenta previa, later in the pregnancy.

In our unit, emphasis is placed upon the identification 
of the velamentous insertion and the presence of succen
turiate lobes of the placenta, both predisposing factors for 
vasa previa. Furthermore, close attention is given to color 
Doppler imaging in the proximity of the internal OS of the 
cervix during uniform mid-trimester screening for cervical 
length as recommended by ACOG.

Zhang et al, in retrospectively assessed data from pro
spective screening for vasa previa among 26,830 singleton 
pregnancies, which included 21 (0.08%) with vasa previa, 
advocate a two-stage method of screening for vasa 
previa.135 During the 11–13-week ultrasound assessment, 
umbilical cord insertion was identified as central in 93.4% 
of cases, marginal in 6.3% of cases, and velamentous in 
0.3% of cases. In 16 of the 21 patients with vasa previa 
(76.2%) cord insertion at the first-trimester scan was clas
sified as velamentous at the inferior part of the placenta, in 
two cases (9.5%) as marginal and in three cases (14.3%) 
central.135

Interestingly, Sinkey and Odibo found that within 
baseline cost calculations, transvaginal sonographic 
screening for vasa previa was the most cost-effective 
when performed in patients with IVF pregnancies.151 

Melcer et al assessed medical records of early multiple 
pregnancies that resulted in singleton fetuses diagnosed 
with vasa previa.152 A statistically significant difference 
in the prevalence of vasa previa among pregnancies that 
started as multiple gestations but continued later as sin
gletons compared to multiple pregnancies (8.8% vs 
0.2%, respectively, P < 0.0001) was noted. The OR for 
vasa previa in pregnancies that began as multiple gesta
tions but resulted in singleton pregnancies was 41.1 
(95% CI 12.77–131.94), suggesting that it might be 
worthwhile to consider all twins at the beginning of 
pregnancy to be at increased risk of vasa previa, irre
spective of the actual number of live fetuses during later 
stages of gestation.152

Magnetic resonance imaging prenatal diagnosis of vasa 
previa in association with a bilobed placenta has been 
reported.153 Similarly, three-dimensional and pulsed sono
graphy have been utilized in the prenatal sonographic 
diagnosis of vasa previa.154

In a review study, Jauniaux et al confirmed that the 
incidence of twin gestations diagnosed with vasa previa in 
cohort and case–control studies was 11% and concluded 
that there is sufficient evidence to warrant guidelines for 
targeted screening.155

An association of vasa previa with IVF pregnancies 
was also reported by Oyelese et al and Isotton et al.156,157

Marginal Insertion of the Umbilical Cord
Of note, it appears that attention should also be directed at 
sonographic depiction of marginal umbilical cord insertion 
(Figures 4 and 5) in that this condition has been associated 
with an increase in both adverse maternal and perinatal 
outcomes.106,158 In case-controlled study in 2019 
Nkwabonh et al noted a prevalence of 7.2% associated 
with preeclampsia (aOR = 2.94, 95% CI 1.14–7.59), pla
cental abruption (OR = 33.68, 95% CI 9.8–115.76), nuchal 
cords (aOR 3.07, 95% CI 1.69–5.59), low birth weight 
(aOR 3.15, 95% CI 2.46–9.045) and NICU admission (OR 
4.72, 95% CI 2.46–9.04).158

Umbilical Cord (Funic) Presentation
Umbilical cord (funic) presentation is defined as such 
when the presenting part of the fetus consists of the umbi
lical cord with intact fetal membranes (in contrast to 
umbilical cord prolapse with rupture of the membranes) 
lends itself to sonographic diagnosis and was first reported 
by Christopher and later Vintzileos et al in 1983.159,160 

Funic presentation has been associated with marginal cord 
insertion in a low-lying placenta.161 Clearly, intrapartum 
prenatal sonographic diagnosis of this condition, or alter
natively close to (and not remote from) delivery, may 
allow Cesarean delivery prior to labor, thus bypassing 
the feared potential life-threatening surgical emergency 
of prolapse of the umbilical cord. It should, however, be 
recognized that cord presentation remote from delivery 
does not predict this condition in labor. Ezra et al in 
2003 conducted two separate studies regarding this 
matter.162 In the first study: 16,551 delivery records were 
analyzed, noting that 42 patients had clinical cord prolapse 
at delivery. Prenatal ultrasound assessments were available 
in 16/42 patients. Only two of the sixteen (12.5%) had 
previous documentation of cord presentation. In 
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the second study: cord presentation was documented in 13 
of 8122 consecutive ultrasound assessments (0.16%). Six 
of the patients underwent only one scan. Three of these 13 
patients (23%) required cesarean delivery due to malpre
sentation, and cord presentation. The remaining seven 
patients underwent repeat ultrasound assessment, which 
confirmed persistent umbilical cord presentation in three 
(23%). All these three patients were delivered by indicated 
Cesarean (one for umbilical cord prolapse). The other four 
patients spontaneously converted to vertex presentations, 
with spontaneous resolution of the cord presentation at 
delivery. Thus, these authors recommend that the current 
practice upon diagnosis of funic presentation in the third- 
trimester requires repeat prenatal and intrapartum sono
graphic assessments to determine the presence or absence 
of this condition, and accordingly, mode of delivery.162 

Color Doppler imaging has clearly aided prenatal sono
graphic depiction of this condition.163

Interestingly, Jo et al reported an unusual case in which 
a large amniocele (measuring 15×15 cm), containing loops 
of umbilical cord, was sonographically depicted herniating 
through a spontaneous uterine rupture (in an unscarred 
uterus) at 23 weeks’ gestation.164 At laparotomy, hemo
peritoneum (1000 mL) with uterine rupture was confirmed, 
with the entire gestational sac containing the fetus protrud
ing through the uterine wall. The infant, weighing 700 
grams, succumbed.164

Functional Disorders of the 
Umbilical Cord
Umbilical Vessel Thrombosis
Prenatal sonographic diagnoses of umbilical artery and 
umbilical venous thrombosis, respectively, have been 
reported. Predisposing factors include: excessive umbilical 
cord length, hyper-coiling of the umbilical cord, and defi
cient Wharton’s jelly.165

Umbilical Artery Thrombosis
Umbilical artery thrombosis is an uncommon prenatal 
event, associated with placental hypoperfusion and 
increased rates of perinatal morbidity including fetal 
organ damage (infarcts), fetal growth restriction, and 
stillbirth.166–170 Pathogenesis of this condition is unclear, 
yet predisposing factors appear to include; long cord, 
peripheral cord insertion, short cord with twists, and 
funisitis.168 Interestingly, Donepudi et al recently reported 
an umbilical artery aneurysm (with favorable neonatal 

outcome) following multiple intrauterine transfusions (for 
management of Rh alloimmunization).70 In 
a clinicopathological report of findings in 11 cases (occur
ring between 33 and 40 weeks’ gestation Sato and 
Benirschke reported 3/11 cases (38%) with severe fetal 
growth restriction, and stillbirth in two cases (25%)). All 
11 cases were noted to exhibit partial necrosis of the 
vascular wall.168 Shilling et al in 2014 reported 7 cases 
occurring over a 13-year period at a tertiary referral center 
with more than 10,000 deliveries annually.167 Two of the 
seven cases were stillborn, and 3 of the additional cases 
were small for dates.167 Although many cases are only 
detected at autopsy and placental and umbilical 
cord assessment following stillbirth, prenatal sonographic 
reports of this rare condition have been 
reported.165,166,170,171 Prenatal sonographic depiction 
of a single umbilical artery (following earlier depiction 
of two umbilical arteries) should alert to the possibility 
of this condition, even in the absence of direct vision of 
the aneurysm.171

Umbilical Venous Thrombosis
Umbilical vein thrombosis is a rare condition, which 
entails dilatation of the umbilical vein-varix.172 This con
dition is associated with very high perinatal mortality, 
although favorable outcomes have been reported.172–175 

Considered predisposing factors include: compression, tor
sion, stricture, or hematoma of the umbilical cord.173 In 
contrast to umbilical artery thrombosis, the danger inher
ent to umbilical vein thrombosis lies with the single nature 
of the vein in contrast to the presence of a potential com
pensatory umbilical artery (other than in cases of a single 
umbilical artery). Other considerable differences between 
umbilical vein versus umbilical artery thrombosis lay in 
the unique function of the single umbilical vein in delivery 
of oxygenated blood to the fetus and potential release of 
emboli from the thrombus downstream towards the fetus, 
rather than towards the placenta with its inherent redun
dancy, as in the case of umbilical artery thrombosis.172

Prenatal sonographic diagnosis of thrombosis of the 
umbilical vein has been reported (Figures 6 and 7) and 
entails focal dilatation of the umbilical vein (in contrast to 
varix, which will be discussed later), with an echogenic core 
(representing the thrombus) and at times, associated turbu
lent flow within the focally dilated umbilical vein segment, 
which contains the thrombus, which clearly is not comple
tely occlusive.172–177 Intra-amniotic umbilical vein varix is 
characterized by a high frequency of thrombosis in the 
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dilated umbilical vein. Clinical management remains unclear 
and is likely to depend upon gestational age at diagnosis.172 

Although incidental findings at delivery suggest that not all 
cases are associated with adverse outcomes, it is clear that 
interval fetal testing may not suffice as stillbirth has occurred 
immediately or in relative proximity to reassuring fetal 
testing.76,175 Thus, it appears that following this diagnosis 
at relatively advanced gestational ages – delivery should be 
considered.172 Of note, thrombosis occluding a varix umbi
lical vein causing stillbirth, and a separate report of partial 
occlusion of an umbilical vein varix leading to emergency 
Cesarean delivery, has been reported (and will be detailed 
following).178,179

Varix
The umbilical vein varix indicates dilatation of the umbi
lical vein. The etiology of this condition is unclear, yet 
may this represent a weakness of the venous wall.176 This 
condition occurs more commonly in the intra-abdominal 
portion of the umbilical vein (between the abdominal wall 
and fetal liver), termed a fetal intra-abdominal umbilical 
vein varix (FIUVV). Umbilical varix is defined when the 
caliber is greater than 9 mm or with a ratio of >50% 
between the dilated and a more distal normal intra- 
abdominal portion of the vein (Figure 8).180–182

The incidence of this condition is relatively rare, occur
ring between 0.4 and 1.1/1000 deliveries and is associated 
with additional fetal anomalies in one-third of cases,183–185 

Figure 6 Upper panel: Real-time sonography depicting echogenic mass (*)within 
the umbilical vein, considered consistent with umbilical vein thrombosis. Lower 
panel: Color Doppler sonography depicting echogenic mass within the umbilical 
vein, considered consistent with umbilical vein thrombosis. Black arrows point to 
the narrow venous inflow and outflow areas, respectively. 
Notes: Reproduced from: Sherer DM, Dalloul M, Guerra R, Bahamon C, Abulafia O. 
Prenatal sonographic depiction of large intra-amniotic vein thrombosis. J Ultrasound 
Med. 2018;37(11):2733–2734.172 © 2018 by the American Institute of Ultrasound in 
Medicine. Published by John Wiley and Sons.

Figure 7 Upper panel: Three-dimensional sonography of the umbilical vein throm
bosis. Lower panel: Umbilical vein thrombosis immediately following emergency 
Cesarean for prolonged fetal bradycardia at 37 weeks’ gestation. 
Notes: Reproduced from: Sherer DM, Dalloul M, Guerra R, Bahamon C, Abulafia 
O. Prenatal sonographic depiction of large intra-amniotic vein thrombosis. J 
Ultrasound Med. 2018;37(11):2733–2734.172 © 2018 by the American Institute of 
Ultrasound in Medicine. Published by John Wiley and Sons.
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fetal hydrops, stillbirth,186 fetal schistocytic hemolytic 
anemia, thrombocytopenia,187,188 and thrombosis.178 In 
general, in the absence of additional anomalies, the prog
nosis is usually favorable.184 An intra-abdominal UVV 
may be depicted as a cyst-like structure in the upper fetal 
abdomen containing venous flow upon color Doppler ima
ging (Figure 8).

A high rate of Cesarean deliveries was noted with this 
condition.176,189 Prenatal diagnosis is uncommon,176 and 
although thrombus formation is common within a varix, 
prenatal diagnosis of a thrombus within an umbilical vein 
varix is uncommon.172,176

Prenatal diagnosis of isolated fetal umbilical vein – varix 
has been reported. In a report of 14 such cases, Weissman- 
Brenner et al noted a median gestational age of 27.5 weeks’ 
gestation at diagnosis (range: 22–34).189 The average dia
meter of the varix was 10.6 mm (range: 8–15), and maximal 

diameter at follow-up was 12.8 mm (range: 10–18 mm). 
Median gestational age at delivery was 36.1 weeks (range 
34–40) average birth weight was 2834 grams (range 1725– 
3715 grams). Five patients (35.7%) underwent emergency 
Cesarean delivery. Interestingly, among fetuses exhibiting 
turbulent flow in the varix, the authors noted a tendency 
towards larger maximal varix diameters, earlier gestational 
age at delivery, and lower birth weights. No stillbirths or 
neonatal deaths were reported. With this experience, these 
authors suggested that fetuses with umbilical vein varix be 
followed every week following diagnosis to 28 weeks’ gesta
tion and twice-weekly thereafter, with consideration for indi
cated delivery at 36–37 weeks’ gestation or with any 
evidence of fetal compromise (Figure 8).189 The importance 
of the recommendation for close surveillance following diag
nosis was demonstrated in a recently published case of deliv
ery of patient at 32 weeks’ gestation of a fetus with a varix 
(diagnosed at 23 weeks) due to a rapid increase in the peak 
systolic velocity (PSV) of the umbilical vein from 100 cm/s 
to 150 cm/s.178 At emergency Cesarean birth, thrombosis of 
the umbilical cord was confirmed. The infant did well. 
Induction of labor has been recommended at 36–37 weeks’ 
gestation.189 The differential diagnosis of a varix of the 
umbilical vein includes umbilical cord cyst/s. Babay et al 
initially considered the diagnosis of an umbilical cord cyst at 
prenatal sonography at 30 weeks’ gestation, and only after 
unidirectional movement of echogenic particles was noted, 
was a large varix of the umbilical vein diagnosed, and later 
confirmed as such at histopathology.190

Umbilical Vessel Aneurysm
As elsewhere, umbilical vessel aneurysms are 
a complication of congenital thinning of the vessel wall.1

Umbilical Vein Aneurysm
Umbilical vein aneurysm has been associated with 
stillbirth.191 This condition is considered to result from 
a congenital weakness or thinning of the vessel wall. 
Prenatal sonographic diagnosis of this rare condition has 
been reported at 34 weeks’ gestation. Subsequent pathol
ogy assessment confirmed the diagnosis.192 Prenatal sono
graphic diagnosis of umbilical vein aneurysm was reported 
with a live born infant delivered at term by 
Cesarean.193,194 In the case reported by Shipp et al, 
increasing size over time with the development of an 
intramural thrombus prompted premature delivery at 33 
weeks’ gestation.194

Figure 8 Fetal intra-abdominal varix at 24 and 5/7 weeks’ gestation. Upper panel: 
Real-time ultrasound depicting the intra-abdominal aneurysmal dilatation of the 
umbilical vein. Lower panel: Color Doppler imaging confirming the venous vascular 
nature of this lesion.
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Umbilical Artery Aneurysm
Umbilical artery aneurysm represents an unusual and often 
fatal condition, which has been associated with Trisomy 
18,195,196 single umbilical artery,197 cardiac abnormalities, 
fetal growth-restriction, and stillbirth.198–201 Prenatal 
sonographic diagnosis of this rare condition has been 
reported infrequently and appears relatively straightfor
ward (when visible), consisting of a focal enlargement/ 
dilatation of the umbilical cord. Color Doppler imaging 
will confirm the pulsatile arterial nature of blood flow. 
Echogenic structures within the aneurysm are likely to 
represent mural thrombus.197,201–204 Prenatal diagnosis as 
early as 22–23 weeks’ gestation has been reported by 
a number of authors, possibly reflecting mid-trimester for
mation of the umbilical artery aneurysm.198,200,205 

Interestingly, according to Hill et al in the majority of 
cases, which described the precise anatomical location of 
the umbilical artery aneurysm (7/9), these were located at 
the placental insertion site.202 This area may be particu
larly prone to the development of umbilical artery aneur
ysm, following that this area typically is devoid of the 
protective Wharton’s jelly.195,202 Clearly, following diag
nosis, karyotype analysis (NIPT or amniocentesis), 
detailed sonographic assessment for additional anomalies, 
close fetal surveillance for interval growth, fetal well- 
being, and possible early delivery should be considered. 
In addition, given that the majority of umbilical artery 
aneurysms occur in association with a single umbilical 
artery (8/20 according to Hill et al), and the well- 
established compensatory enlargement of a single umbili
cal artery, increased alertness for development of umbilical 
artery aneurysms in the event of a single umbilical artery, 
appear warranted.202 Care to avoid unwarranted trauma 
(even at Cesarean delivery) is recommended in that intrao
perative rupture of a large umbilical artery aneurysm at 
Cesarean at 28 weeks’ gestation with subsequent neonatal 
anemia, disseminated intravascular coagulopathy and 
death, has been reported by Matsuki et al.205 It is impor
tant to state that thrombus within the umbilical artery 
aneurysm is not always associated with stillbirth, and 
that the latter may occur in the absence of arterial throm
bus formation.202

Stricture of the Umbilical Cord
The terms of stricture, constriction, coarctation, or torsion 
of the umbilical cord are considered synonymous. These 
occurrences may be spontaneous.206–209 or iatrogenic, 
usually following amniocentesis.209–212 It has been 

considered that the underlying cause of umbilical cord 
stricture is a primary deficiency of Wharton’s jelly, 
a concept, which indirectly reflects/infers the previously 
detailed importance of this inherent protective mechanism 
of the cord.1 Absence of Wharton's jelly, stenosis, or oblit
eration of umbilical vessels, usually close to the fetal inser
tion of the umbilical cord and intravascular thrombosis at 
the narrowed segment of the cord are often noted.1,208 The 
location close to the fetal insertion may reflect the gradually 
decreasing amount of Wharton’s jelly near the abdomen.1 

Strictures of the umbilical cord are often noted in associa
tion with stillbirth, although rare cases of survival following 
emergency delivery have been noted, usually following 
notation of decreased fetal movements.1,207

Torsion of the umbilical cord has been implicated in 
fetal death.213,214 Rare cases of prenatal sonographic 
depiction of torsion in the umbilical cord have been 
reported.215,216

The acute presentation of this usually lethal complica
tion and rarely reported prenatal sonographic diagnosis of 
this condition suggest that detailed attention to the sono
graphic appearance of the umbilical cord (and especially 
the presence of Wharton’s jelly) at or close to the fetal 
abdominal wall insertion of the umbilical cord are merited 
in the third-trimester when possible. Given the reports of 
recurrence of such (usually rare) events in subsequent 
pregnancies, special consideration of detailed sonographic 
depiction of the content of Wharton’s jelly this anatomical 
location in women with previous loss(es) attributed to this 
condition, should be considered.217

Umbilical Cord Cysts
The differential diagnosis of rarely noted cystic structures 
located within the umbilical cord (and its insertion) 
include: true cysts, pseudocysts, omphalomesenteric duct 
cysts, vascular conditions, abdominal wall defects, bladder 
exstrophy, and urachal anomalies.218

Umbilical cord cysts are a rare occurrence and, when 
isolated, are usually of no clinical significance. True cysts 
are lined with epithelium and may represent a remnant of 
the allantois or from the omphalomesenteric duct during 
cord formation and are typically located in proximity to 
the fetal insertion of the umbilical cord.219–221 Cysts may 
reach several centimeters in diameter and may be detected 
in the first trimester.222 Pseuodocysts represent embryolo
gical remnants or cystic degeneration of Wharton’s jelly 
that surrounds the cord and have no epithelial lining.1 

Approximately up to 20% of umbilical cord cysts may 
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be associated with structural or chromosomal abnormal
ities, most commonly Trisomy 18.220

A number of studies have addressed the notation of 
umbilical cord cysts noted during the first -trimester. Ross 
et at in 1997 assessed 859 women with singleton live 
fetuses between 7 and 13 weeks’ gestation.222 Umbilical 
cord cysts were present in 29/859 (3.4%) of cases. Fetal 
anomalies were noted in 7/27 of cases with continuing 
pregnancies. Fetal anomalies were more likely if the cyst 
was located in proximity to the distal (placental or fetal) 
ends of the umbilical cord (RR 3.3; 95% CI 1.3–8.5), or 
paraaxially (RR 3.8; 95% CI 1.2–12.0) or if the cyst per
sisted above 12 weeks’ gestation (RR 7.7; 95% CI 3.2– 
18.6).22 Sepulveda et al in 1999 followed nine pregnancies 
with first-trimester umbilical cord cysts, noting normal out
comes in all nine cases, suggesting that the incidental first- 
trimester notation of an umbilical cord cyst is not associated 
with an increase in adverse pregnancy outcomes.223 Ghezzi 
et al in 2003 performed a similar assessment of umbilical 
cord cysts between 11 and 14 weeks’ gestation, noting the 
prevalence of umbilical cord cysts was 2.1% (24/1159).224 

The cysts were single and multiple in 18 and six cases, 
respectively. The median (range) largest umbilical cyst dia
meter did not differ between multiple and single umbilical 
cord cysts 3.8 mm (2.1–18) versus 3.05 mm (2.0–7.8), P = 
0.386. All patients with single umbilical cord cysts deliv
ered infants without structural anomalies, while among 
patients with multiple cord cysts, four had miscarriages 
and one fetus was noted to have obstructive uropathy. 
These authors concluded that while single umbilical cord 
cysts are associated with good outcomes, multiple umbilical 
cord cysts are associated with an increased likelihood of 
miscarriage and aneuploidy.224 Gilboa et al, reporting umbi
lical cysts at nuchal translucency screening, noted an inci
dence of 0.7% (8/1080). In five cases, the finding was 
isolated and resolved spontaneously.225 In three cases, addi
tional structural anomalies were noted, and in all three cases 
the umbilical cord cyst persisted. One of the fetuses was 
noted to have a hypoplastic left heart with normal karyo
type, and another had multiple malformations in association 
with Trisomy 18. Both of these cases underwent termination 
of pregnancy. The third fetus had an ectopic kidney and 
patent urachus, which underwent spontaneous closure at 23 
weeks, with a continued uneventful pregnancy.225

In contrast, persistent umbilical cord cystic masses in 
the second and third trimesters of pregnancy are associated 
with lethal aneuploidy and/or congenital anomalies.226,227

Hematoma
Umbilical cord hematoma is a rare etiology of stillbirth 
occurring in approximately 1 in 5500 live births.228 

Notwithstanding, the perinatal loss associated with this 
condition is >50%.229,230

The majority of hematomas of the umbilical cord are 
iatrogenic, resulting from inadvertent laceration of umbi
lical vessels during amniocentesis, or alternatively, during 
intentional penetration of the umbilical vein at cordocent
esis/intravascular blood transfusion.231–235 In these cases 
is not unusual to sonographically observe active hemor
rhage from the puncture site, at times with a gradually 
increasing echogenic mass with the umbilical cord – repre
senting the extended umbilical cord hematoma.

In contrast, rare cases of spontaneous umbilical cord 
hematoma have been reported.228,229,236–241 Prenatal sono
graphic findings are similar to those with the above-described 
umbilical cord hematoma, yet without the preceding invasive 
procedure. This rare condition has been associated with 
a short umbilical cord (considered a potential etiologic fac
tor), and umbilical cord cysts.230 Prenatal sonographic diag
nosis of spontaneous umbilical cord hematoma consists of 
notation of cystic umbilical cord masses. Sepulveda reported 
two such cases, which were later complicated by fetal 
death.237 Brown and Nicolaides in 2000 reported a similar 
occurrence complicated by fetal death at 28 weeks’ 
gestation.242 Spontaneous hemorrhage from the umbilical 
cord has been attributed to umbilical cord ulceration [asso
ciated with congenital upper intestinal (either duodenal or 
jejunal) atresia].243 The above notwithstanding a massive 
umbilical hematoma may occur without adverse sequelae.238

Umbilical Cord Tumors
Few true tumors of the umbilical cord exist. These include 
a variety of hemangiomas, angiomyxomas and rare 
teratomas.

Angioma/Hemangioma
Hemangiomas are benign mesenchymal neoplasms com
posed of blood vessels. Histopathology usually reveals the 
presence of neoplastic vascular channels around larger, 
dilated “feeder” vessels.244 Hemangioma of the umbilical 
cord is an uncommon condition, considered to originate 
from endothelial cells of the umbilical vessels (most com
monly an umbilical artery, less commonly the umbilical 
vein or both) and is usually found within segments of the 
umbilical cord distant from the placental and fetal 
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insertions.245 Gross pathology assessment depicts 
a fusiform-shaped swelling of the umbilical cord engulfed 
by edema of adjacent Wharton’s jelly.244 This condition 
carries a high morbidity and mortality rate of approxi
mately 35%, often related to coexisting factors including 
rupture with resulting hemorrhage, nonimmune hydrops, 
polyhydraminios, fetal disseminated intravascular coagu
lopathy (DIC), fetal growth restriction, additional heman
giomas, other fetal anomalies, and stillbirth.244–249 

Stillbirth may result secondary to mechanical obstruction 
of umbilical vessels by the tumor as suggested by 
Kamitomo et al who noted stenosis of the umbilical vein 
and an umbilical artery in association with this lesion.245 

Interestingly, a number of reports have noted the presence 
of amnionic inclusion cysts and pseudocysts in association 
with hemangiomas.244,250,251 Elevated maternal mid- 
trimester maternal serum alpha-fetoprotein levels have 
been reported in association with umbilical cord 
hemangiomas.245,252–254

Prenatal sonographic diagnosis has been reported 
infrequently.194,245,248,253–256 Location and sonographic 
appearance of a hemangioma in close proximity to the 
abdominal wall have led to prenatal and neonatal misdiag
nosis of an omphalocele.253 Prenatal sonographic findings 
include notation of a hyperechoic lesion or a multicystic 
mass within the umbilical cord.245,246,248 Color Doppler 
imaging will confirm the vascular nature of the lesion with 
depiction of multiple branching arterial vessels with low 
resistance at Doppler assessment.248 Interestingly, prenatal 
sonographic detection of an umbilical cord hemangioma 
was recently reported as an early sign of diffuse neonatal 
hemangiomatosis (DNH) with the newborn later diagnosed 
with multiple hemangiomas in the liver, intestines, skin 
and brain.257

Although hemangiomas may occur at any point 
throughout the entire length of the umbilical cord, the 
fetal and placental insertion sites (both fixed and often 
sonographically depicted) should be scanned in detail.

Umbilical Cord Hemangioma in Association with 
Klippel-Trenaunay-Weber Syndrome
Klippel-Trenaunay-Weber syndrome is a vascular malfor
mation syndrome consisting of varying involvement of 
cutaneous capillaries, veins, and lymphatics with hyper
trophy of soft tissue and bones of affected limbs. This 
complex, developmental disorder reflects asymmetric 
hemi-hypertrophy of extremities and trunk due to asym
metrical bony and soft tissue overgrowth, varicose veins 

and cutaneous hemangioma. Clinical diagnosis entails the 
presence of at least two of the three considered classic 
findings of: localized cutaneous capillary malformations, 
venous abnormalities, and limb hypertrophy. This syn
drome has also been defined as capillary-lymphatic- 
venous malformation, reflecting the changes seen in these 
vessels. Interestingly, two reports of prenatal ultrasono
graphic diagnosis of umbilical cord hemangioma in asso
ciation with Klippel-Trenaunay-Weber syndrome have 
been reported.258,259

Sahinoglu et al reported a spheric weakly echogenic 
mass within the umbilical cord, later confirmed at post
partum examination as an umbilical cord hemangioma.258 

Recently, in 2020, Yu et al reported prenatal sonographic 
diagnosis of Klippel-Trenaunay-Weber syndrome (mainly 
manifesting hypertrophy of the left thigh) associated with 
an umbilical cord hemangioma.259 These cases infer that 
upon consideration of Klippel-Trenaunay-Weber syn
drome, the umbilical cord should be scanned in detail in 
search of possible umbilical cord hemangiomas.

Angiomyxoma
Angiomyxomas represent a rare subset of hemangiomas, 
with increased perinatal morbidity and mortality,260 which 
may arise from one or more of the umbilical vessels, or 
remnants of embryonic vessels.261 Potential prenatal compli
cations may include compression of the main umbilical cord 
vasculature resulting in fetal growth restriction and possible 
stillbirth.261 Interestingly, these tumors have been reported in 
association with increased mid-trimester maternal serum 
alpha-fetoprotein levels.261,262 Histopathology assessment 
reveals a proliferation of thin-walled vessels, which are 
embedded in the myxoid stroma.263 At times, positive stain
ing of endothelial cells within the tumor for factor VIII- 
related antigen has been reported.263 Despite their relative 
rarity, prenatal sonographic diagnosis is possible and consists 
of notation of a complex mass within the umbilical cord, 
which may contain cystic components.261–267 The majority 
of these tumors contain nodules attached to the cord, which 
may appear sonographically as focal hyperechogenic 
areas.261 Angiomyxomas may reach a considerably larger 
size. Prenatal sonographic diagnosis of an angiomyxoma 
involving the entire length of the umbilical cord was reported 
by Jauniaux et al. Following that, the length of this umbilical 
cord was considered considerably shortened at approxi
mately 30 cm, a 3620-gram infant was delivered by 
Cesarean at 37 weeks’ gestation.261 At delivery, length of 
the umbilical cord was 26 cm, and varied between 2 and 8 cm 
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in diameter.261 Wilson et al describe an angiomyxoma of the 
umbilical cord requiring partial in utero decompression of 
a large cystic component of the tumor (16 × 12×5 cm), which 
enabled spontaneous vaginal birth of an uncompromised 
infant at 36 weeks’ gestation.264 Angiomyxomas may rarely 
manifest as components of arteriovenous malformation 
(usually of one umbilical artery or capillaries within the 
Wharton’s jelly). Indeed, Zhang et al in 2021 described 
prenatal findings of a large angiomyxoma of the umbilical 
cord complicated by the presence of a massive arteriovenous 
malformation associated with stillbirth at 27 and 1/7 weeks’ 
gestation.267

Teratoma
Congenital mature teratomas (composed of mature tissues 
originating from more than one germ cell layer) of the 
umbilical cord are exceptionally rare.1 Umbilical cord 
teratomas contain solid and cystic components and have 
been detected at prenatal sonography following depiction 
of a predominantly solid heterogeneous mass. Definitive 
diagnosis depends upon histopathology assessment follow
ing delivery.268 Histology of a mature teratoma of the 
umbilical cord may at times reveal tissue derived from 
all three germ layers and teratomas, including: central 
nervous system tissue, cartilage, skin, bone and gastroin
testinal tract, have been reported. Benign, mature terato
mas of the umbilical cord are often associated with 
congenital malformations of the fetus of (including: 
omphalocele, duodenal atresia, exomphalos, hydrocepha
lus, meningomyelocele, umbilical hernia, single umbilical 
artery, atrioventricular canal defect), and rarely, chromo
somal abnormalities.268–270

Umbilical Cord Arteriovenous 
Malformation
Congenital umbilical arteriovenous malformations in which 
blood flows freely between an umbilical artery and vein (in 
the absence of capillary network) are rare, and most com
monly represent a neonatal condition involving the umbili
cus, which may be asymptomatic (and found at the time of 
assessment of an umbilical hernia, or abdominal murmur), 
or alternatively may present acutely due to hemorrhage or 
high-output cardiac failure.271–275

Prenatal diagnosis of an arteriovenous malformation is 
extremely rare.276–278 Reported prenatal sonographic find
ings may include the initial finding of a large vascular tumor 
of the umbilical cord depicted with color Doppler imaging, or 
following indirect findings of fetal cardiomegaly. 

Interestingly, an umbilical arteriovenous (AV) fistula sus
pected following clear depiction of a jet flow originating in 
one of the umbilical arteries entering a dilated umbilical vein 
(in one of dichorionic diamniotic twins) at 24 weeks’ gesta
tion and associated with mild concurrent cardiomegaly and 
dilatation of the inferior vena cava, was following by spon
taneous in-utero resolution of this vascular anomaly and 
favorable neonatal outcome after induction of labor and 
vaginal birth of appropriate for gestational infant at 36 
weeks’ gestation.279 As mentioned previously, Zhang et al 
in 2021 described a fetus at 23 and 27 week’s gestation with 
an umbilical cord angiomyxoma measuring 8.8×6.5 cm 
located in proximity to the placental insertion of the umbili
cal cord.267 The mass was characterized by a central hyper
echoic area surrounded by peripheral multicystic hypoechoic 
areas. HDlive flow depicted that the internal vessels of the 
mass were fed by the two umbilical arteries and drained into 
the umbilical vein, serving as massive arteriovenous shunts. 
Stillbirth occurred at 27 weeks’ gestation. The presence of an 
angiomyxoma (10.2 × 6.5 cm) was confirmed by pathology 
examination. The authors proposed that stillbirth may have 
been the result of volume overload resulting from the mas
sive arteriovenous malformation or alternatively mechanical 
compression of umbilical vessels.267

Current Recommendations for 
Sonography of Umbilical Cord 
Morphology
The PRACTICE PARAMETER for the Performance of 
Standard Diagnostic Obstetrical Ultrasound of the 
American College of Radiology (ACR), American 
College of Obstetricians and Gynecologists (ACOG), 
Society of Maternal Fetal Medicine (SMFM), Society of 
Radiology of Ultrasound (SRU), ACR-ACOG-AIUM- 
SMFM-SRU, regarding the umbilical cord published in 
2018, simply states: “The umbilical cord should be imaged 
and the number of vessels in the cord documented. The 
placental cord insertion site should be documented when 
technically possible”.280 In a similar fashion, the 
International Society of Ultrasound in Obstetrics and 
Gynecology (ISUOG) does not address the topic of umbi
lical cord morphology.281

In addition, the Society for Maternal Fetal Medicine 
(SMFM) in the detailed Consult Series # 37 entitled 
“Diagnosis and management of vasa previa”, further 
recommends: “Ultrasound evaluation of placental location 
and the relationship between the placenta and internal 
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cervical os should be included at the second-trimester 
ultrasound scan, and the placental cord insertion site 
should be documented when technically possible” and 
that “Follow-up ultrasound should be performed at 32 
weeks of gestation for women who were diagnosed with 
placenta previa or low-lying placenta at mid-trimester 
ultrasound examination. Since placenta previa is detected 
in the middle of the second trimester that later resolves and 
low-lying placenta even if it later resolves are associated 
with vasa previa and consequently high perinatal mortality 
rates, transvaginal ultrasonography with color and pulsed 
Doppler is recommended to rule out vasa previa”.50

Specific MR imaging criteria for utilization of detailed 
depiction of umbilical cord entanglement (nuchal, true 
knots and complex entanglement) remain to be 
determined.282

Thus, these governing bodies support:

1. Assessment of the number of vessels within the 
umbilical cord.

2. Sonographic assessment of the fixed points of the 
umbilical cord (both fetal and placental insertions 
of the umbilical cord).

3. Assessment of possible vasa previa at midtrimester 
fetal anatomy assessment/transvaginal screening of 
cervical length.

These guidelines clearly avoid any attempt to obtain 
sonographic measurements of the umbilical cord, or 
Wharton’s jelly or potential abnormal umbilical cord mor
phology. Also, not addressed by the governing bodies are 
the topics of cord entanglement (nuchal cords, true knots 
of the umbilical cord, or complex entanglement of the 
umbilical cord) discussed in detail elsewhere.12–14

Respectfully, we submit that the entire length of the 
umbilical cord available for sonographic assessment 
should be scanned in detail for potential umbilical cord 
morphology abnormalities discussed earlier in this arti
cle. In the foreseeable future, sonographic resolution 
will undoubtedly continue to improve, followed by 
increased diagnostic accuracy. Potential widespread 
application of Color Doppler, Power Doppler, 3D ultra
sound in conjunction with other imaging diagnostic 
tools (CT and/or MR imaging with currently available 
3D computer-assisted reconstruction techniques) will 
likely further advance prenatal assessment of morphol
ogy of the umbilical cord throughout its entire length 
and the increase in the frequency of notation of any the 

wide array of rare prenatal diagnoses of abnormal mor
phology of the umbilical cord detailed earlier. Three- 
dimensional reconstruction of CT or MR is of special 
interest in that these imaging techniques may enable 
depiction of the length of umbilical cord located behind 
the fetal body, currently inaccessible to transabdominal 
sonography.

It appears we should be prepared for these promising 
imaging eventualities and maintain awareness of the wide- 
array of (albeit rare) potential umbilical cord morphology 
abnormalities, and upon encountering such conditions seek 
further depiction utilizing additional imaging technologies 
other than standard sonography.

Summary
The umbilical cord, an often under-appreciated, yet vital 
human organ essential for the developing fetus with its 
inherent redundancy and resilience, regretfully does not 
lend itself with ease to detailed sonographic evaluation 
throughout its entire length. Future imaging capabilities, 
including computed tomography or magnetic resonance 
imaging with 3D computer-assisted reconstruction techni
ques, may enable detailed assessment of the entire umbi
lical cord length, currently not accessible to sonography 
due to fetal positioning and other limitations of sonogra
phy. Other than a single umbilical artery, anomalies of the 
umbilical cord are uncommon yet may be associated with 
potential fetal compromise. In addition to nuchal loop(s), 
true knot(s) of the umbilical cord and complex umbilical 
cord entanglement not covered in this Commentary yet 
detailed elsewhere,12–14 umbilical cord complications 
associated with potential fetal compromise/stillbirth, 
including: umbilical venous and arterial thrombosis, rare 
tumors (such as hemangioma, angiomyxoma and tera
toma), vasa previa may be detected with prenatal sonogra
phy, with alert and attentive scanning, as these anomalies 
may be missed with relative ease. Given the critical func
tion of the umbilical cord in fetal development until such 
imaging technologies become widely available, it is 
incumbent upon sonographers to utilize every opportunity 
(including during repeat sonographic assessments) to eval
uate those portions of the umbilical cord availing them
selves in real-time to insonation, and potentially utilize 
other above-mentioned imaging technologies if/when 
appropriate.
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