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Comprehensive Imaging Review 
of Abnormalities of the Umbilical 
Cord1

 A complete fetal ultrasonographic (US) study includes assessment 
of the umbilical cord for possible abnormalities. Knowledge of the 
normal appearance of the umbilical cord is necessary for the radi-
ologist to correctly diagnose pathologic conditions. Umbilical cord 
abnormalities can be related to cord coiling, length, and thickness; 
the placental insertion site; in utero distortion; vascular abnor-
malities; and primary tumors or masses. These conditions may be 
associated with other fetal anomalies and aneuploidies, and their 
discovery should prompt a thorough fetal US examination. Fur-
ther workup and planning for a safe fetal delivery may include fetal 
echocardiography and karyotype analysis. Doppler US is a critical 
tool for assessment and diagnosis of vascular cord abnormalities. 
US also can be used for follow-up serial imaging evaluation of con-
ditions that could result in fetal demise. Recent studies suggest that 
three- or four-dimensional Doppler US of the fetal umbilical cord 
and abdominal vasculature allows more accurate diagnosis of vas-
cular abnormalities. Doppler US also is invaluable in assessment of 
fetal growth restriction since hemodynamic changes in the placenta 
or fetus would appear as a spectral pattern of increased resistance 
to forward flow in the fetal umbilical artery. Early detection of um-
bilical cord abnormalities and close follow-up can reduce the risk of 
morbidity and mortality and assist in decision making.
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The umbilical cord and placenta play a crucial role in fetal health 
and development. Several prenatal complications, including intra-
uterine growth restriction (IUGR), cord accident, and stillbirth, are 
attributed to abnormal fetoplacental circulation. Compromise of this 
circulation is suspected in at least 20% of stillbirths (1). The umbili-
cal cord provides communication between the placenta and the fetus 
and allows gas and nutrient exchange. Cord abnormalities related to 
morphology, coiling, placental insertion, number of vessels, diame-
ter, and blood flow pattern can contribute to perinatal complications 
(2). This article briefly reviews the normal development and normal 
ultrasonographic (US) appearance of the umbilical cord. We also dis-
cuss several pathologic processes that involve the umbilical cord and 
provide illustrative images and selective pathologic correlation. The 
role of Doppler US in the assessment of fetal growth is reviewed.

After completing this journal-based SA-
CME activity, participants will be able to:
 ■ Describe the embryology and normal 

imaging appearance of the umbilical 
cord.

 ■ Recognize the various categories and 
US imaging appearances of pathologic 
conditions related to the umbilical cord.

 ■ Discuss the role of imaging in clinical 
workup and assessment of fetuses with 
umbilical cord abnormalities and identify 
the role of radiologists on the clinical 
management team.

See www.rsna.org/education/search/RG.

ONLINE-ONLY SA-CME 
LEARNING OBJECTIVES
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Figure 2. Normal physiologic midgut herniation and resolution. (a) Transverse US image of a fetus 
at 10 weeks of gestation shows normal physiologic bowel herniation as a focal echogenic bulge at the 
base of the umbilical cord (arrow). The herniated bowel undergoes a 270° turn and returns into the fetal 
abdomen. (b) Transverse US image of a fetus at 12 weeks of gestation shows normal cord insertion into 
the fetal abdominal wall. Normal midgut herniation resolves by the end of the 11th week of gestation 
and is not seen (arrow in b).

of gestation, the right umbilical vein regresses, 
leaving the left umbilical vein as the single vein 
within the umbilical cord (2). The normal um-
bilical cord thus contains two arteries and one 
vein. The umbilical vein carries oxygenated 
blood from the placenta and connects with the 
left portal vein in the fetal liver. The umbilical 
arteries carry deoxygenated blood from the fetus 
to the placenta (3).

The normal diameter of the umbilical cord is 
less than 2 cm. The umbilical cord grows until the 
end of the second trimester to a length of 50–60 
cm and develops up to 40 helical turns (5). The 
umbilical cord twists toward the left more fre-
quently than to the right. This is thought to be due 
to the distribution of the helical muscle fibers in 
the umbilical cord vessels (6). Coiling is thought 

Umbilical Cord Development
The connecting stalk of the fetus develops blood 
vessels and fuses with the omphalomesenteric 
duct to become the umbilical cord approxi-
mately 7–8 weeks after conception (3). Between 
12 and 16 weeks of gestation, the allantois or 
urachus develops as a second outpouching from 
the primitive gut and projects into the connect-
ing stalk, and its blood vessels develop into the 
vessels of the umbilical cord (Fig 1). The um-
bilical arteries course lateral to the bladder and 
are continuous with the iliac arteries within the 
pelvis. The umbilical vein connects to the left 
portal vein, and this connection becomes the 
fissure for the ligamentum venosus after birth 
(3,4). By 6 weeks of gestation, two umbilical ar-
teries and two umbilical veins exist. By 8 weeks 

Figure 1. Schematic diagram shows 
normal umbilical cord development. 
After the umbilical cord vessels de-
velop from the allantois, the normal 
cord contains two arteries and one 
vein and inserts in the center of the 
placenta. The umbilical cord vessels 
communicate with the villi of the 
placenta and facilitate gas and nutri-
ent exchange between the fetus and 
the placenta.
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Figure 3.  Normal umbilical cord. Transverse color 
Doppler US image of a second-trimester fetus shows 
two umbilical arteries (arrows) and one umbilical vein 
(arrowhead). A normal umbilical cord contains up to 40 
helical turns and twists more often to the left.

Figure 4. Color Doppler US image with spectral 
waveform shows the normal umbilical artery in a fetus 
at 34 weeks of gestation. The degree of diastolic flow 
(arrow) within the umbilical artery is an important 
determinant of adequate fetal perfusion. EDV = end 
diastolic flow velocity, PSV = peak systolic flow velocity, 
RI = resistive index, S/D = S/D flow velocity ratio.

of gestation (5). Between 7 and 12 weeks of ges-
tation, a physiologic midgut herniation occurs in 
the base of the cord; by the end of the 11th ges-
tational week, the midgut normally returns to the 
fetal abdomen without any remaining bulge or 
bowel loop at the cord insertion site into the fetal 
abdomen (Fig 2) (9). At US, the umbilical cord 
appears as a twisted, ropelike, echogenic struc-
ture that connects the fetus at its umbilicus to the 
placenta (Fig 3) (5).

Complete evaluation of the umbilical cord 
during the second trimester includes use of 
gray-scale and color Doppler US to assess the 
number of vessels in the cord, cord thickness, 
and cord coiling. In cases of suspected fetal or 
umbilical cord abnormalities, Doppler evalu-
ation of the umbilical cord blood flow pattern 
becomes necessary (2).

Doppler US of the Umbilical Cord
Before 20 weeks of gestation, the umbilical ar-
tery demonstrates high-resistance flow on spec-
tral waveforms obtained with Doppler US. With 
advancing gestation, resistance to flow within the 
umbilical artery decreases and appears as in-
creased diastolic flow at spectral Doppler US. To 
circumvent the inherent angle dependence of the 
Doppler technique in assessment of the umbili-
cal artery, the peak systolic to end diastolic (S/D) 
flow velocity ratio is used in clinical practice (Fig 
4) (5). Doppler US of the umbilical cord is use-
ful in the evaluation of clinical conditions that 
result in chronic fetal nutritional and hypoxic 
processes (Table 1).

IUGR is defined as fetal weight less than the 
10th percentile for gestational age. In contrast, 
the term small for gestational age (SGA) refers 
to a fetus that measures less than expected for 
gestational age but is growing normally through-
out pregnancy. IUGR can be due to maternal, 
fetal, or placental causes. The most common 
causes of IUGR result in decreased fetal perfu-
sion (11). These hemodynamic changes are due 
to placental villus obliteration and are seen at 
Doppler US examination as an elevation in end 
diastolic flow resistance in the umbilical artery. 
Once the villous obliteration has affected more 
than half of the placenta, the umbilical artery 
end diastolic flow may be absent or reversed. 
These changes have a significant effect on the 
fetal central circulation and result in preferred 
blood flow to the fetal myocardium and brain, 
a condition that can be seen at Doppler US as  
decreased end diastolic flow resistance in the 
fetal MCA (12) (Fig 5). Absent or reversed dia-
stolic flow in the umbilical artery is associated 
with increased perinatal morbidity and mortality 
(13).

to protect the cord by adding strength and resist-
ing compression of the vessels. The cord length 
and twists depend on the tensile forces placed 
on the cord by fetal movements. There must be 
adequate fluid space and fetal activity to ensure 
normal cord length and coiling (7). The umbilical 
cord is covered with a unique mucopolysaccha-
ride-rich membrane known as Wharton jelly that 
protects the cord from compression (8).

Normal Umbilical Cord Appearance
The umbilical cord is visualized at US by 42 days 
of gestation and is well established by 8–9 weeks 
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Table 1: Role of Doppler US in Assessment of Fetal and Maternal Disease Processes

Clinical Indication Structures Assessed at Doppler US

Fetal and placental anatomy Umbilical cord and placenta
Fetal growth restriction Fetal MCA, UA, fetal ductus venosus
Fetal congenital anomalies UA, fetal ductus venosus

Depending on the location of the anomaly: fetal heart, fetal 
aorta, fetal kidneys, fetal liver, fetal pelvis

Preeclampsia UA, maternal uterine artery, fetal MCA
Multiple gestation Fetal MCA, UA, placenta
Maternal vascular diseases Fetal MCA, UA, placenta
Fetal anemia Fetal MCA peak systolic flow velocity

Source.—Reference 10. 
Note.—MCA = middle cerebral artery, UA = umbilical artery.

Figure 5. Abnormal umbilical artery. (a) Color Doppler 
US image with spectral waveform in a fetus at 32 weeks of 
gestation in a 30-year-old woman with hypertension shows 
increased end diastolic flow resistance (arrow) in the um-
bilical artery. The S/D flow velocity ratio is 8.1 (normal 
range = 2.8–3.4 at 32 weeks of gestation). The fetal bio-
metric measurements were 3 weeks less than expected for 
gestational age, a finding compatible with fetal IUGR. 
EDV = end diastolic flow velocity, PSV = peak systolic flow 
velocity, RI = resistive index. (b) Color Doppler US 
image with spectral waveform in a fetus with severe fetal 
perfusion abnormality at 36 weeks of gestation in a woman 
with hypertension shows absent diastolic flow in the um-
bilical artery (arrow). (c) Color Doppler US image with 
spectral waveform in a fetus with severe fetal perfusion 
abnormality at 34 weeks of gestation in a woman with hy-
pertension shows reversal of the diastolic flow (arrow). 
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Figure 6. Undercoiling of the umbilical cord. (a) Transverse US image obtained during a routine 
fetal anatomic survey at 19 weeks 2 days of gestation in a 29-year-old woman with a history of auto-
immune hepatitis shows an undercoiled umbilical cord (arrow). A fetal echogenic intracardiac focus 
also was found (not shown). These findings are soft markers for fetal chromosomal anomalies and 
warrant a thorough fetal US survey for associated findings. Correlation with maternal serum markers 
for chromosomal anomalies also is beneficial. If there is a high suspicion for fetal chromosomal 
anomalies, fetal karyotyping may be indicated. (b) Photograph of an undercoiled umbilical cord.

Abnormalities of the Umbilical Cord
Abnormalities of the cord are related to its 
morphology and structure, placental insertion, 
presentation, in utero distortion, vascularity, and 
primary tumors or masses (Table 2).

Morphologic Abnormalities

Cord Coiling.—Umbilical cord coiling provides 
cord strength and protection against cord com-
pression, twisting, stretching, and other forces 
that could interrupt cord blood flow (14). Um-
bilical cord coiling is evaluated postnatally by 
calculating the umbilical coiling index (UCI), 
defined as the number of cord spirals completed 
per centimeter of cord length. de Laat et al (6) 
reported that UCI measurements obtained at 
US examination correlate well with postnatal 
UCI measurements. The extent of umbilical 
cord coiling is independent of umbilical cord 
thickness (15). An abnormal UCI is defined 
as either a hypocoiled cord (UCI ≤ 0.29 or 
below the 10th percentile) or a hypercoiled 
cord (UCI ≥ 0.6 or above the 90th percentile) 

(14). A hypocoiled cord is associated with an 
increased rate of IUGR, fetal demise, intrapar-
tum fetal heart rate decelerations, fetal distress 
at delivery, and karyotype abnormalities (Fig 
6). A hypercoiled cord is associated with an 
increased rate of fetal IUGR, intrapartum fetal 
cardiac decelerations, vascular thrombosis, and 
cord stenosis (6). Hypocoiled cords also have a 
higher rate of abnormal cord insertion (14). The 
utility of obtaining the UCI at routine obstetric 
US examination requires further study (6).

Cord Thickness.—Umbilical cord thickness de-
pends on the amount of Wharton jelly that is 
formed and deposited on the cord. Ghezzi et 
al (16) generated a normogram for the area of 
Wharton jelly and its relationship to umbilical 
cord thickness. A “lean” umbilical cord, defined 
as a cross-sectional area of cord that measures 
below the 10th percentile for gestational age, was 
associated with an increased prevalence of fetal 
IUGR, oligohydramnios, and fetal distress dur-
ing delivery. Umbilical cords identified as lean 
also showed a significantly greater reduction in 

Table 2: Umbilical Cord Abnormalities and Associated Pathologic Conditions

Type of Abnormality Associated Pathologic Conditions

Morphologic Coiling, increased thickness, thinning
Insertion Marginal, furcate, and velamentous insertions
Presentation Vasa previa
In utero distortion Cord knot, cord torsion, entanglement, nuchal cord
Vascular SUA, PRUV, cord thrombosis and hematoma, varix, arterial aneurysm
Cord tumor Hemangioma, teratoma

Note.—PRUV = persistent right umbilical vein, SUA = single umbilical artery.
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Figure 8. Marginal umbilical cord insertion. (a) Transverse color Doppler US image obtained during a routine fetal 
anatomic survey in a 35-year-old woman at 18 weeks 6 days of gestation shows a marginal cord insertion (arrow) at 
the placental edge. The umbilical vessels normally insert at the center of the placenta (arrowhead). (b) Photograph of a 
placenta shows a marginal cord insertion at the placental edge (arrow).

the area of Wharton jelly (16). Predanic et al 
(17) reported an increased prevalence of thicker 
umbilical cords in mothers with diabetes and 
fetuses with aneuploidy (Fig 7). Measurement of 
umbilical cord thickness at US should be con-
sidered for high-risk pregnancies. The utility of 
cord-thickness measurements at routine obstetric 
US examinations requires further investigation in 
a larger group of patients (18).

Insertion Abnormalities
The umbilical cord inserts at or near the center 
of the placenta in most pregnancies. Abnormal 
cord insertion is associated with IUGR, fetal heart 
rate abnormalities, placental abruption, preterm 
labor, low Apgar scores, and neonatal demise. The 
umbilical cord insertion site should be routinely 
evaluated at all obstetric US examinations (8).

Marginal Insertion.—Marginal cord insertion 
is seen in 5%–7% of pregnancies and is also 
referred to as battledore placenta because of its 

resemblance to the racket used in battledore, a 
precursor to badminton. Marginal cord inser-
tion is best diagnosed using Doppler US, which 
will demonstrate cord insertion near the margin 
of the placenta within 2 cm of the placental 
edge (Fig 8) (19). Marginal cord insertion can 
develop into velamentous cord insertion as the 
pregnancy progresses (Fig 9). This change may 
result from atrophy of the placental tissue at 
the cord insertion site due to a relatively poor 
regional blood supply (19,20). Marginal cord 
insertion has a higher prevalence in multiple 
gestations and can lead to potentially unequal 
sharing of the placental tissue and resultant 
growth discordance (21). In singleton pregnan-
cies, marginal cord insertion is not associated 
with an increased risk of fetal IUGR or preterm 
delivery (22).

Velamentous Insertion.—Velamentous cord 
insertion occurs in 1%–2% of pregnancies 
and is seen more frequently in multiple gesta-

Figure 7. Thick umbilical cord. Long-axis color Doppler 
US image obtained during a routine fetal anatomic survey 
in a 33-year-old woman without a significant medical his-
tory shows a thickened (2.7-cm diameter) umbilical cord. 
Note the thick layer of Wharton jelly overlying the umbilical 
cord vessels (arrow). No other fetal structural abnormalities 
were found at this US examination.
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Figure 10. Photograph of a placenta shows a vela-
mentous cord insertion into the placental membranes 
(arrow).

Figure 9. Velamentous cord insertion and vasa previa. (a) Sagittal transabdominal Doppler US image obtained dur-
ing a routine fetal anatomic survey at 20 weeks of gestation shows the placenta covering the internal cervical os (arrow-
heads) with a marginal cord insertion (arrow). (b) Sagittal endovaginal color Doppler US image obtained at follow-up 
examination shows interval retraction of the placenta, with the vessels now within the membranes (between the amnion 
and chorion) (arrow) and traversing the internal cervical os (arrowheads), findings consistent with a velamentous inser-
tion of the umbilical cord and vasa previa. These findings were verified at delivery and at pathologic examination.

tions. In velamentous insertion, the umbilical 
vessels diverge from each other and travel be-
tween the chorion and the amnion, inserting 
into these membranes but not reaching the 
placenta. Therefore, the umbilical vessels are 
not supported by the placenta or by Wharton 
jelly (23,24). Diagnosis of velamentous cord 
insertion is made at Doppler US by findings of 
splayed umbilical vessels at the periphery of the 
placenta and an absence of central cord inser-
tion (Fig 10) (5,25). Velamentous cord inser-
tion is associated with cord compression and a 
higher risk of IUGR, congenital anomalies, pre-
term labor, placental abruption, vasa previa, low 
Apgar scores, and abnormal intrapartum fetal 
heart rate patterns (Fig 11). When velamentous 
cord insertion is detected at routine obstetric 

US examination, patients should be evaluated 
with serial US examinations to monitor for com-
plications (24).

Presentation Abnormalities

Vasa Previa.—Vasa previa refers to umbilical ves-
sels, unsupported by Wharton jelly or placental 
tissues, that cross the membranes in the lower 
uterine segment in advance of the fetal present-
ing part. Vasa previa has a reported prevalence 
of 0.04%. Risk factors for vasa previa include 
second-trimester low-lying placenta or placenta 
previa, velamentous cord insertion, succenturi-
ate placenta, in vitro fertilization, and multiple 
gestation (8). If vasa previa is not diagnosed an-
tenatally, it may cause rupture of the umbilical 
vessels with or without rupture of the membranes 
and result in fetal exsanguination. The umbilical 
vessels also are at risk for direct traumatic injury 
during labor (26).

Color Doppler US is the imaging modality of 
choice and will show hypoechoic tubular struc-
tures that overlie the internal cervical os. Spectral 
waveforms obtained with Doppler US will dem-
onstrate fetal-type flow (25).

Vasa previa may be difficult to visualize at 
transabdominal US because of maternal obesity, 
abdominal wall scarring, an incompletely filled 
maternal bladder, or a tortuous course of the 
umbilical vessels that may be difficult to follow 
(Fig 11) (28). Occasionally, endovaginal sonog-
raphy may be required to confirm vasa previa. 
Prominent maternal vessels at the edge of the 
placenta (a finding termed marginal sinus previa) 
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Figure 11. Velamentous furcate cord insertion and vasa previa in the fetus of a 35-year-old woman 
referred for evaluation after an abnormal cord insertion was seen at routine fetal US at an outside facil-
ity. (a) Longitudinal color Doppler US image at the placental edge shows a separate insertion of one of 
the umbilical arteries (UA) at the edge of the placenta (*). The other umbilical artery had a velamentous 
insertion (not shown). The umbilical vein (UV) is shown arising separately from the membranes adjacent 
to the placenta, a finding that represents a furcate insertion. Furcate insertion occurs with a prevalence 
of 0.1%. The cord separates into two or three vessels near the placenta. These vessels are not surrounded 
by Wharton jelly and therefore have less support (27). (b) Longitudinal color Doppler US image below 
the placental edge shows the umbilical vein (arrows) traveling in the membranes, a finding indicative of a 
velamentous furcate cord insertion. (c) Longitudinal color Doppler US image shows the umbilical cord 
(arrow) overlying the cervix (arrowheads). This configuration did not change with maternal repositioning 
and thus indicates vasa previa. White * = amniotic cavity, black * = maternal bladder.

cal cord thus becomes the presenting part and 
is at risk for compression (29). Cord prolapse 
has a prenatal fetal mortality rate of 50% and 
now occurs rarely, at a rate of 2%–3%, because 
most fetuses with an abnormal cord presenta-
tion are recognized prospectively at imaging and 
are delivered by cesarean before rupture of the 
fetal membranes (29). Risk factors for umbilical 
cord prolapse include low birth weight, breech 
presentation, abnormal placentation, multipar-
ity, polyhydramnios, velamentous cord insertion, 
and spontaneous rupture of the membranes 
(31). Cord prolapse may be associated with fetal 
hypoxia, perinatal death, and fetal neurologic 
sequelae. Cord prolapse should be suspected 

can mimic vasa previa (Fig 12) (26). The differ-
ential diagnosis also includes membrane separa-
tion, fluid in the membranes below the presenting 
parts, and funic presentation, defined as one or 
several loops of the umbilical cord located above 
the cervix and between the fetal presenting parts 
and the fetal membranes that overlie the cervix 
(29). Vasa previa can be distinguished from funic 
presentation by repositioning the mother during 
US examination. The umbilical cord segment 
with funic presentation will move, whereas with 
vasa previa the location of the cord segment will 
not change (25).

In cases of vasa previa, a repeat US examina-
tion should be performed in the third trimester 
because the relationship between the placenta 
and the cord insertion site can change as uterine 
size increases (30). Correct diagnosis of vasa pre-
via before rupture of the membranes increases 
fetal survival from a rate of 44% to 97%. The 
key to preventing an adverse fetal outcome is to 
perform a cesarean delivery before rupture of the 
fetal membranes occurs (25).

Cord Prolapse.—In contrast to funic presenta-
tion, which as noted previously describes normal 
looping of the umbilical cord between the fetal 
presenting parts and the cervix, cord prolapse 
involves descent of the cord into the cervix 
after rupture of the membranes. The umbili-
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when prolonged fetal bradycardia or severe and 
repetitive fetal heart rate decelerations are ob-
served (29).

Figure 12. Marginal sinus previa in a fetus at 34 weeks of gestation in a 37-year-old woman diagnosed 
with velamentous cord insertion and vasa previa who was admitted for fetal monitoring and cesarean 
delivery. All previous prenatal care was at an outside facility. (a) Sagittal endovaginal color Doppler US 
image shows prominent maternal venous structures (white arrow) near the cervix. No fetal vessels are seen 
to cross the internal cervical os (black arrow), and there is no evidence of velamentous cord insertion. 
Arrowheads = posterior margin of the cervix. (b) Parasagittal color Doppler US image demonstrates 
multiple enlarged maternal venous structures (*) adjacent to the cervix (arrowheads) that were contigu-
ous with some of the paraplacental venous structures (not shown). These findings are compatible with 
marginal sinus previa. A fetal magnetic resonance (MR) imaging study was used to confirm the diagnosis. 
(c) Sagittal single-shot fast spin-echo (SSFSE) MR image of the fetus and uterus shows multiple tortuous, 
linear, hyperintense venous structures between the paracervical region and the placental edge (arrows), a 
finding that supports the diagnosis of marginal sinus previa. There is no evidence of vasa previa. Ar-
rowhead = cervix, * = fetal head. (d) Transverse SSFSE MR image through the cervix (arrowhead) shows 
multiple vascular, round, hyperintense structures in a paracervical location (arrow), a finding indicative 
of enlarged maternal venous structures. The fetal umbilical cord (not shown) did not traverse the internal 
cervical os. The patient underwent a normal vaginal delivery.

In Utero Distortion Abnormalities

Cord Torsion.—Cord torsion is a rare form of 
cord constriction that can occur at any time dur-
ing pregnancy but is more common during the 
second and third trimesters. Cord torsion is defined 
as excessive twisting of the cord at any site along 
the length of the umbilical cord. Umbilical cord 
torsion can lead to critically reduced fetal blood 
flow and fetal hypoxia, oligohydramnios, IUGR, 
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Figure 13.  False cord knot seen at transverse color 
Doppler US imaging during a routine second-trimester 
fetal anatomic survey. Focal clumping of the umbilical 
cord (arrow), a finding indicative of a false cord knot, 
resolved at subsequent US examination.

and fetal death (32). Cord torsion is difficult to 
diagnose prenatally, and most cases are detected 
during postnatal examination of the placenta and 
umbilical cord. In a recent study, Tian et al (33) 
suggested that evaluation of the pitch value of cord 
coiling and the S/D flow velocity ratio of the um-
bilical cord artery in various cord segments may 
help predict cord torsion. However, they did not 
specifically recommend the use of this technique 
during routine fetal US survey examinations.

Cord Knot.—True umbilical cord knots must be 
differentiated from false knots, which are kinks in 
the umbilical cord and are not clinically significant 
(Fig 13). True knots are rare and occur in less than 
1% of pregnancies (5). Most cord knots are loose 
knots that form in utero or during birth and there-
fore have a marginal impact on fetal well-being. 
Tightening of a knot in utero can be due to fetal 
movement or descent and can result in decreased 
umbilical cord blood flow, fetal asphyxia, and fetal 
demise (34). At US, visualization of a segment of 
the umbilical cord that is closely surrounded by 
another loop of cord, also known as the “hanging 
noose” sign, has been reported as a highly specific 
feature of a tight knot (35). Loose cord knots or 
knots with a wide-open loop do not demonstrate 
this US appearance (Fig 14) (35). Recent reports 
by Hasbun et al (34) and Scioscia et al (36) sug-
gest that three- or four-dimensional (real-time 
three-dimensional) US can be used to detect and 
diagnose a true cord knot.

Cord Entanglement.—Cord entanglement is 
unique to monoamniotic twin pregnancies, in 
which the umbilical cords typically insert close 
together on the single placenta. The entangled 
cords cause vascular compromise in one or both 
fetuses and lead to fetal demise. On color Dop-
pler US images, a branch pattern is seen at the 
level of the entanglement. On spectral Doppler 
US images, an end systolic notch seen on the 
umbilical artery waveform reflects vascular com-
pression or narrowing (11).

Umbilical Cord Loops or Nuchal Cord.—A body 
cord is an umbilical cord that loops around any 
fetal body part. An umbilical cord that encircles 
the fetal neck is termed a nuchal cord, occurs in 
5%–29% of pregnancies, and is usually consid-
ered benign (37). At birth, a nuchal cord can be 
categorized as tight or loose, depending on the 
manual ability to reduce the loop over the fetal 
head (38). Nuchal cord prevalence increases with 
advancing gestational age. This correlation may 
be a reflection of increased fetal activity or re-
duced amniotic fluid. A nuchal cord may resolve 
spontaneously later in pregnancy (25). Several 

investigators report various findings associ-
ated with a nuchal cord, including an increased 
prevalence of fetal bradycardia and intrapartum 
deceleration, increased umbilical artery acidemia, 
increased passage of meconium, and fetal demise. 
These findings raise dilemmas regarding the ap-
propriate clinical management of a nuchal cord 
(25,37). However, several investigators have re-
ported no adverse perinatal outcomes associated 
with a tight nuchal cord (38–40).

Doppler US is the imaging modality of choice 
for diagnosis of a body cord. In the case of a 
nuchal cord, US images will demonstrate an 
umbilical cord loop larger than 360° around the 
fetal neck. Ranzini et al (41) described a specific 
US finding, the “divot” sign, that suggests a 
nuchal cord (Fig 15). Aksoy (37) and Sherer et 
al (42) reported that fetal MCA and umbilical 
artery flow velocimetric values are not affected 
by a nuchal cord. Gonzalez-Quintero et al (43) 
reviewed the outcomes of pregnancies with a 
nuchal cord that was diagnosed before delivery 
(at 17–36 weeks of gestation) and found no as-
sociation with adverse perinatal outcomes.

Controversial recommendations exist within 
the literature for follow-up and management of 
cases of nuchal cord diagnosed at US (38,40). 
Increased fetal surveillance could be considered 
after a nuchal cord is detected. Peregrine et al 
(44) reported that a nuchal cord does not ap-
pear to increase the risk of a cesarean delivery or 
poor neonatal outcome. Bernad et al (39) suggest 
fetal heart rate monitoring during delivery with 
no additional clinical intervention. These authors 
suggest additional clinical intervention and pos-
sible cesarean delivery if signs of fetal distress are 
detected.
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Figure 15. Nuchal cord in the fetus of a 30-year-old woman at 35 weeks of gestation who presented for further evalu-
ation of decreased fetal movements and fetal decelerations at cardiotocography. (a) Longitudinal gray-scale US image 
at the fetal cervical spine shows corrugations in the skin of the neck where the umbilical cord is wrapped around the 
fetal neck (arrows), a finding also known as the “divot” sign. (b) Transverse color Doppler US image at the same level 
as a shows tight wrapping of the umbilical cord (arrow) around the fetal neck.

Figure 14. True umbilical cord knot. (a) Color Doppler US image of a fetus with known asymmetric 
IUGR in a 37-year-old woman with a history of stillbirth due to severe preeclampsia who presented at 
34 weeks of gestation with fetal cardiac decelerations shows focal clumping of the umbilical cord (ar-
row), with no change in configuration at follow-up examination the same day (not shown). The patient 
underwent an emergency cesarean delivery because of fetal cardiac decelerations. (b) Photograph of an 
umbilical cord shows a true cord knot (arrows).

Vascular Abnormalities

Single Umbilical Artery.—The prevalence of an 
SUA is 1%, with absence of the left umbilical 
artery more common than absence of the right 
artery (19). Several maternal risk factors have 
been associated with fetal SUA, including ad-
vanced maternal age, white ethnicity, multiparity, 
smoking, diabetes, hypertension, preeclampsia, 
maternal drug use, and epilepsy (45). The preva-
lence of SUA is three to seven times higher in 
multiple gestations than in a singleton pregnancy 
(46). Associated congenital structural abnormali-
ties of the cardiovascular, gastrointestinal, central 
nervous, and genitourinary systems are seen in 
33% of fetuses with SUA, with genitourinary and 
cardiovascular anomalies most commonly seen. 

There is a 10% risk of associated chromosomal 
defects, especially trisomies 13, 18, and 21. In the 
vast majority of such cases, other anatomic de-
fects are also identified (47). SUA is seen in 40% 
of fetuses with trisomy 18 (48). In fetuses with 
an isolated finding of SUA, to our knowledge no 
other structural alterations have been reported 
(45,47).

A fetus with SUA is at higher risk for being 
SGA and for IUGR (49). In cases with isolated 
SUA, there is a reported higher rate of stillbirth, 
prematurity, and neonatal mortality (44). Raio et 
al (50) reported a decreased amount of Wharton 
jelly in the umbilical cord of fetuses with SUA 
and proposed that this may result in decreased 
support of the cord blood flow, leading to re-
duced fetal growth. There is an increased rate of 
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Figure 16. SUA in a two-vessel cord. (a) Transverse color Doppler US image obtained during a 
fetal anatomic survey at 20 weeks of gestation shows an SUA (arrow) and a single umbilical vein 
(arrowhead), findings indicative of a two-vessel cord. (b) Transverse color Doppler US image at 
the level of the fetal bladder shows an SUA contiguous with a single hypogastric artery (arrow) 
adjacent to the fetal bladder, an isolated finding.

placental abnormalities, abnormal cord length, 
polyhydramnios, and oligohydramnios in fetuses 
with SUA (45).

Both gray-scale and Doppler US are used to 
diagnose SUA. On transverse US images ob-
tained through the cord, only two vessels will be 
seen. The US view must be obtained at the fetal 
cord insertion site because the two umbilical 
arteries often fuse near the placental insertion 
site. The course of the umbilical cord should be 
followed into the fetal pelvis with Doppler US, 
which will demonstrate only one artery lateral 
to the bladder (Fig 16) (46). SUAs with an in-
creased diameter and reduced impedance of 
blood flow have also been seen at Doppler US 
(50). If SUA is found during a routine sono-
graphic fetal survey, a detailed anatomic survey 
is strongly recommended. If other fetal anatomic 
abnormalities are identified, fetal echocardiogra-
phy and karyotype analysis should be considered 
(46,47). Because of the increased fetal risk (even 
with an isolated finding of SUA) for SGA or 
IUGR, close follow-up evaluation of fetal growth 
should be performed (25,51).

Persistent Right Umbilical Vein.—PRUV is due 
to altered development of the umbilical cord dur-
ing the 4th  through 7th weeks of gestation when 
the left umbilical vein regresses but the right 
umbilical vein remains patent. This results in an 
abnormal course of blood flow in the fetal liver 
(52). PRUV occurs in 0.1%–0.3% of pregnan cies 
and may be isolated or occur with other anoma-
lies, especially in fetuses with situs inversus and 
heterotaxy. PRUV also is seen with anomalies 

related to genitourinary, gastrointestinal, cardiac, 
and skeletal developmental disorders (53).

At US, several findings on standard transverse 
images of the fetal abdominal circumference as-
sist in diagnosis of PRUV. The fetal portal vein 
is curved toward the stomach instead of approxi-
mately parallel to it, the fetal gallbladder is me-
dial to the umbilical vein instead of in its normal 
lateral position and is seen between the umbilical 
vein and the stomach, and the umbilical vein is 
connected to the right portal vein instead of the 
left (Fig 17) (52). Color Doppler US is useful for 
determining the specific type of PRUV according 
to the path of drainage. In the more common in-
trahepatic PRUV, the isolated right umbilical vein 
joins the fetal portal system at the sinus venosus 
and gives rise to the ductus venosus. In extrahe-
patic PRUV, the right umbilical vein bypasses the 
liver completely and drains directly into the right 
atrium, inferior vena cava, or right iliac vein. In 
extrahepatic PRUV, the ductus venosus is absent 
(53,54). Gindes et al (55) suggest that volumetric 
US imaging of the fetal abdominal vessels results 
in easier and more efficient diagnosis of vascular 
abnormalities.

Cord Varix.—The diameter of the normal fetal 
intra-abdominal umbilical vein is approximately 
3 mm at 15 weeks of gestation and grows to 8 
mm at term (56). Cord varix is a rare condition 
characterized by focal dilatation of the umbilical 
vein that can occur in the intrahepatic portion 
of the vein or in an extrahepatic location (57). 
There is a 5.8% risk for associated aneuploidy, 
particularly trisomy 21, and a 28% risk for other 
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fetal anomalies (58). Associated findings include 
fetal hydrops, anemia, and IUGR. The prog-
nosis is slightly worse if cord varix is identified 
early in pregnancy or if there are associated fetal 
anomalies (58–60). Although most cases have 
a favorable outcome, fetal death is attributed to 
formation of a thrombus in the dilated segment 
of the vein that blocks fetal venous circulation or 
to fetal cardiac insufficiency due to volume over-
load (59).

Although the definite size of cord varix is not 
well established, most investigators consider a 
vein diameter abnormal if it is more than 9 mm, 
if the transverse diameter of the extrahepatic 
umbilical vein is at least 1.5 times greater than 
the intrahepatic component, or if the vein diam-
eter is more than 2 standard deviations above 
the mean diameter appropriate for the fetal 
gestational age (61). At US, an intra-abdominal 
varix appears as an oblong cystic structure ori-
ented obliquely in a craniocaudal direction be-

tween the abdominal wall and the inferior edge 
of the liver (Fig 18) (58). Weissmann-Brenner et 
al (60) suggest that turbulent flow within a varix 
at color Doppler US imaging is associated with 
large varix size, premature delivery, and smaller 
fetal birth weights. Cohen et al (61) suggest that 
linear bidirectional flow at color Doppler US 
imaging could be related to a tortuous intra-
abdominal segment of the umbilical vein rather 
than to a varix.

The differential diagnosis for a cystic structure 
seen at US in the fetal abdomen includes the nor-
mal fetal gallbladder and stomach; a cystic mass 
such as a urachal, duplication, mesenteric, or 
omental cyst; and an umbilical artery aneurysm. 
Doppler US examination is critical to diagnosis 
of cord varix. The presence and type of flow will 
exclude other entities (59).

A fetus with cord varix should be monitored 
with serial US examinations from diagnosis to 
delivery. If other fetal anomalies are detected,  

Figure 17. Findings of PRUV. (a) Trans-
verse color Doppler US image through the 
fetal abdomen, obtained at 20 weeks of ges-
tation during a routine fetal anatomic survey 
in a 34-year-old woman with a history of 
miscarriages, shows an intrahepatic PRUV 
(arrow) anterior to the gallbladder (arrow-
head). (b) Transverse US image of the same 
fetus shows a supernumerary digit (marked 
as 6) adjacent to the fifth toe, a finding that 
indicates postaxial polydactyly. Amniocentesis 
demonstrated a normal XY male karyotype 
with no evidence of aneuploidy. The pregnancy 
was successfully carried to term. (c) Transverse 
color Doppler US image of a different fetus at 
24 weeks of gestation shows an intrahepatic 
PRUV (arrow) anterior to the gallbladder (ar-
rowhead). * = fetal stomach.
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Figure 18. Umbilical cord varix in the fetus of a 27-year-old woman with a history of preterm 
delivery and abortion who presented with cervical insufficiency. (a) Transverse gray-scale US im-
age at the level of the fetal abdominal wall cord insertion site shows a cystic structure (arrow) 
contiguous with the umbilical cord near the insertion site. (b) Transverse color Doppler US im-
age of the cystic structure (arrow) shows vascular flow; a venous waveform was also seen (not 
shown). These findings are indicative of umbilical cord varix.

fetal karyotyping should be considered to diag-
nose or exclude aneuploidy. Fetal echocardiogra-
phy usually is indicated because cord varix  
is associated with fetal cardiac abnormalities 
(62).

Umbilical Artery Aneurysm.—Umbilical cord 
arterial aneurysms are rare, with only a few re-
ported cases, the majority of which were associ-
ated with an SUA. There is a high prevalence of 
aneuploidy and other fetal structural anomalies  
in cases of umbilical artery aneurysm (Fig 19) 
(63).

Cord Thrombosis and Hematoma.—A sponta-
neous umbilical cord hematoma is seen in 0.02% 
of pregnancies. The majority of these cases are 
iatrogenic and are related to procedures, par-
ticularly to cordocentesis. At US, a hematoma 
appears as a focal mass on the cord (8). The fetal 
outcome is poor in most cases, with high morbid-
ity and mortality. Risk factors include infection, 
cord prolapse, and abnormal cord traction and 
twisting (64).

Cord Masses

Hemangioma and Teratoma.—Umbilical cord tu-
mors are rare. Hemangioma is the most frequently 
reported cord tumor and is most commonly seen 
at the placental insertion site of the cord. Umbili-
cal cord tumors are associated with increased ma-
ternal serum a-fetoprotein, SUA, and increased 
perinatal mortality (65). Macroscopically, they are 
composed of an angiomatous nodule surrounded 
by edema and distinct areas of cystic degeneration 
of Wharton jelly (Fig 20). Microscopically, they 
contain thin-walled blood vessels within myxoid 
tissue (66). At US, hemangiomas are fusiform and 
may be echogenic or multicystic, which may make 
differentiation of hemangioma from cord teratoma 
or hematoma difficult (8,66). At Doppler US, 
hemangiomas demonstrate vascular flow, which 

Figure 19. Umbilical artery aneurysm 
in the fetus of a 28-year-old woman with a 
prior ectopic pregnancy who presented with 
contractions at 19 weeks 4 days of gestation. 
Transverse color Doppler US image at the 
level of the fetal pelvis shows focal dilatation of 
the umbilical artery in the left pelvis (arrow). 
Turbulent flow is noted within the area of fo-
cal dilatation, a finding that denotes umbilical 
artery aneurysm.
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Figure 21. Umbilical cord teratoma in a newborn with a prenatal history of a mass near the 
umbilical cord origin. (a) Longitudinal gray-scale US image of the umbilical cord stump shows a 
hypoechoic mass with calcifications (arrowheads). (b) Longitudinal color Doppler US image shows 
internal flow (arrow). Pathologic assessment demonstrated an umbilical cord teratoma.

allows differentiation from other solid lesions of 
the umbilical cord (65,66).

Some investigators attribute fetal mortality in 
cases of umbilical cord hemangioma to impaired 
umbilical circulation and speculate that serial 
Doppler US studies of the umbilical vessels may 
be helpful for clinical management (65).

Umbilical cord teratomas are rare, with only 12 
cases reported in the literature. Teratomas may 
appear solid and cystic at US and may contain 
tissue from all three germinal layers (66). Terato-
mas have been observed along the length of the 
umbilical cord. No increased prevalence for any 
particular site on the umbilical cord is noted in the 
reported cases (Fig 21) (67).

Cord Cyst.—Umbilical cord cysts are classified as 
true cysts or pseudocysts. True cysts are detected 
in 3.4% of first-trimester pregnancies and usually 
have no clinical significance, although 20% persist 

into the second trimester (8). True cysts typically 
are located toward the fetal insertion site of the 
cord and are 4–60 mm in diameter (Fig 22). True 
cysts occasionally are associated with fetal struc-
tural anomalies and aneuploidy (68). Pseudocysts 
(also known as Wharton jelly cysts) are more com-
mon than true cysts and tend to be located close 
to the fetal insertion site of the umbilical cord. 
They represent localized edema and liquefaction 
of the Wharton jelly and have no epithelial lining 
(Fig 23) (69). Pseudocysts occasionally are as-
sociated with fetal trisomy and other congenital 
anomalies, including omphalocele, vertebral de-
fects, imperforate anus, tracheoesophageal fistula, 
and angiomyxoma of the umbilical cord. At US, a 
pseudocyst appears as a cystic mass along the cord 
without any internal flow (Fig 23) (68).

Ross et al (70) reported a 3% prevalence of 
umbilical cord cysts at 7–13 weeks of gestation. In 
their study, they found a 20% increased prevalence 

Figure 20. Umbilical cord hemangioma. 
Photograph of gross specimen shows a solid-
appearing angiomatous nodule that contains 
blood vessels and organized connective tissue.
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Figure 22. True umbilical cord cyst. (a) Transverse color Doppler US image of a fetus at 20 weeks 
of gestation shows a nonvascular cystic structure close to the fetal end of the umbilical cord with a 
visible cyst margin (arrow). (b) Photograph of an umbilical cord cyst (arrow) in a different fetus.

of fetal chromosomal or structural defects when 
an umbilical cord cyst was detected. When an um-
bilical cord cyst is detected in the second or third 
trimester, a detailed fetal anatomic survey should 
be performed. If other associated fetal structural 
anomalies are detected, fetal karyotyping should 
be considered (68).

Conclusion
The umbilical cord plays a critical role in normal 
fetal development and well-being and requires 
careful assessment at US examinations. Some 
umbilical cord structural abnormalities are as-
sociated with other fetal anatomic and chromo-
somal anomalies. If these cord abnormalities are 
diagnosed, a through fetal US anatomic survey 
is necessary. In some cases, further imaging and 
fetal karyotyping may be needed. We recommend 
a stepwise approach to the diagnosis and man-
agement decision-making process after detection 
of an umbilical cord abnormality (Fig 24). The 
radiologist plays an important role as part of the 
team that manages such pregnancies.
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Page 181
The umbilical cord is visualized at US by 42 days of gestation and is well established by 8–9 weeks of 
gestation. Between 7 and 12 weeks of gestation, a physiologic midgut herniation occurs in the base of the 
cord; by the end of the 11th gestational week, the midgut normally returns to the fetal abdomen without 
any remaining bulge or bowel loop at the cord insertion site into the fetal abdomen. At US, the umbili-
cal cord appears as a twisted, ropelike, echogenic structure that connects the fetus at its umbilicus to the 
placenta.

Page 181
The most common causes of IUGR result in decreased fetal perfusion. These hemodynamic changes 
are due to placental villus obliteration and are seen at Doppler US examination as an elevation in end 
diastolic flow resistance in the umbilical artery. Once the villous obliteration has affected more than 
half of the placenta, the umbilical artery end diastolic flow may be absent or reversed. 

Page 185
Velamentous cord insertion is associated with cord compression and a higher risk of IUGR, congenital 
anomalies, preterm labor, placental abruption, vasa previa, low Apgar scores, and abnormal intrapar-
tum fetal heart rate patterns. When velamentous cord insertion is detected at routine obstetric US 
examination, patients should be evaluated with serial US examinations to monitor for complications.

Pages 185–186
Vasa previa may be difficult to visualize at transabdominal US because of maternal obesity, abdominal 
wall scarring, an incompletely filled maternal bladder, or a tortuous course of the umbilical vessels that 
may be difficult to follow. Occasionally, endovaginal sonography may be required to confirm vasa previa. 
Prominent maternal vessels at the edge of the placenta (a finding termed marginal sinus previa) can mimic 
vasa previa. 

Page 189
Associated congenital structural abnormalities of the cardiovascular, gastrointestinal, central nervous, 
and genitourinary systems are seen in 33% of fetuses with SUA, with genitourinary and cardiovascular 
anomalies most commonly seen. There is a 10% risk of associated chromosomal defects, especially triso-
mies 13, 18, and 21. In the vast majority of such cases, other anatomic defects are also identified.


