International Journal of Women’s Health

Dove

COMMENTARY

Current Perspectives of Prenatal Sonographic
Diagnosis and Clinical Management Challenges of

Nuchal Cord(s)

David M Sherer
Kayana Ward
Michelle Bennett
Mudar Dalloul

Division of Maternal-Fetal Medicine,
Department of Obstetrics and
Gynecology, State University of

New York (SUNY), Downstate Health
Sciences University, Brooklyn, NY, USA

Correspondence: David M Sherer
Division of Maternal-Fetal Medicine,
Department of Obstetrics and
Gynecology, State University of New York
(SUNY), Downstate Health Sciences
University, 450 Clarkson Avenue, Box 24,
Brooklyn, NY, USA

Tel +1 718 270-2081

Fax +1 718 270-4122

Email davidmsherer@gmail.com

This article was published in the following Dove Press journal:
International Journal of Women’s Health

Abstract: Umbilical cord accidents preceding labor are uncommon. In contrast, nuchal cords
are a very common finding at delivery, with reported incidences of a single nuchal cord of
approximately between 20% and 35% of all singleton deliveries at term. Multiple loops occur
less frequently, with reported incidence rates inverse to the number of nuchal cords involved.
Rare cases of up to 10 loops of nuchal cord have been reported. While true knots of the umbilical
cord have been associated with a 4—10-fold increased risk of stillbirth, nuchal cord(s) are most
often noted at delivery of non-hypoxic non-acidotic newborns, without any evidence of sub-
sequent adverse neonatal outcome. Prior to ultrasound, nuchal cords were suspected clinically
following subtle (spontaneous or evoked) electronic fetal heart rate changes. Prenatal sono-
graphic diagnosis, initially limited to real-time gray-scale ultrasound, currently entails additional
sonographic modalities, including color Doppler, power Doppler, and three-dimensional sono-
graphy, which have enabled increasingly more accurate prenatal sonographic diagnoses of
nuchal cord(s). In contrast to true knots of the umbilical cord (which are often missed at
sonography, reflecting the inability to visualize the entire umbilical cord, and hence are often
incidental findings at delivery), nuchal cord(s), reflecting their well-defined and sonographically
accessible anatomical location (the fetal neck), lend themselves with relative ease to prenatal
sonographic diagnosis, with increasingly high sensitivity and specificity rates. While current
literature supports that single (and possibly double) nuchal cords are not associated with
increased adverse perinatal outcome, emerging literature suggests that cases of >3 loops of
nuchal cords or in the presence of a coexisting true knot of the umbilicus may be associated with
an increased risk of stillbirth or compromised neonatal status at delivery. This commentary will
address current perspectives of prenatal sonographic diagnosis and clinical management chal-
lenges associated with nuchal cord(s) in singleton pregnancies.
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Introduction

Umbilical cord accidents preceding labor are uncommon. Nevertheless, approximately
20% of stillbirths at autopsy have been attributed to fatal compromise of the umbilical
circulation.' A study of 121 stillbirths noted that umbilical cord pathology (including
stricture, true knots, strangulation of the fetus, and prolapse) was the third most
common cause of stillbirth in the second trimester (16.42%), following unexplained
(29.85%) and congenital anomalies and malformations (19.4%)." Umbilical cord
pathology is, however, the leading cause of stillbirth in the third trimester (33.33%)
and of overall total stillbirth (23.97%)." Lehtonen et al, reporting causes of stillbirth in
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Finland (where the rate of recording causes of stillbirth is
exceptionally high), noted that “severe constricting loops or
knots” accounted for 16/98 (16.3%) of stillbirth cases.” Most
recently, the NICHD Stillbirth Collaborative Research
Network Group in 2020 reported that of 496 stillbirths with
complete cause of death analysis, using the Initial Causes of
Fetal Death (INCODE) classification system, 94 (19%, 95%
CI 16-23%) were associated with umbilical cord
abnormality.’ Forty-five (48%) had compromised fetal
microcirculation, 27 (29%) had cord entanglement (nuchal,
body, or shoulder cord), 26 (27%) had knots, torsions, or
stricture, and five (5%) had cord prolapse.”

Detailed histopathological criteria for umbilical cord
blood flow restriction in cases of unexplained stillbirth
were presented by Parast et al in 2008.* Correlating clinical
and autopsy data with gross and histological placental find-
ings from a series of presumptive cord accidents, these
authors proposed minimal histological findings suggestive
of cord compromise, which included vascular ectasia and
thrombosis within the umbilical cord, chorionic plate, and/
or stem villi. Of 27/62 cases reviewed whose cause of death
was determined to be other than cord accident, 3/62 (11%)
met all histological criteria for cord accident (specificity of
89%). In contrast, of the remaining 25 cases of stillbirth
with an undetermined cause of death, 13/25 (52%) met the
criteria for cord accident (P=0.0038).*

The sensitivity and specificity of these criteria were later
investigated in 2012 in a separate study with a review of an
independent set of stillbirth cases.” Histopathology from 26
cases (in which cord accident was deemed the cause of death)
and 62 controls (in which the cause of death was anything
other than cord accident) was assessed. Of the 62 stillbirth
controls, only four (6%) met the complete criteria for cord
accident (specificity 4%). In contrast, of the 26 cases with
a cause of death related to cord accident, 16 met the minimal
criteria (sensitivity 62%) and 12 met the complete criteria
(sensitivity 46%).” Thus, these histological criteria identify
cases of cord accident as a cause of stillbirth with a relatively
high specificity, confirming the potential utility of these
criteria for a diagnosis of cord accident, and further empha-
size the importance of detailed placental examination in the
evaluation of all stillbirths.

Potential adverse outcomes associated with nuchal cord
(s) are better understood with detailed knowledge of the
embryology, anatomy, and array of (uncommon) anoma-
lies of the umbilical cord. For these, the reader is referred
to our Commentary published in this journal in 2020,
regarding current perspectives of prenatal sonographic

diagnosis and clinical management challenges of true
knot of the umbilical cord.®

The umbilical cord may be correctly viewed as an exten-
sion of the fetal cardiovascular system. It is important to
recognize that the umbilical vessels (both arteries and vein)
are protected by unique inherent anatomical features of the
umbilical cord, including the length of the umbilical cord,
Wharton’s jelly, the presence of two arteries, coiling, and
suspension in amniotic fluid, which all contribute to protec-
tive buffering of the cord from twisting, shearing, and com-
pressive forces throughout gestation, and especially during
labor and delivery.® An additional protective mechanism
from the potential effects of compression upon the umbilical
arteries is the presence of a 1.5-2 cm shunt between the
umbilical arteries within 3 cm of the placental cord insertion,
the Hyrtl anastomosis, which is present in approximately
96% of umbilical cords.” This arterial anastomosis equalizes
pressures between the respective umbilical arteries before
entering the placenta and functions as a safety valve in the
event of placental compression or blockage of an umbilical
artery, and has been confirmed with prenatal ultrasound.””
The important (and possibly critical) safety effect of this
anastomosis will be detailed later in conjunction with the
(not uncommon) association of a single umbilical artery (the
most common true congenital anomaly in humans) and
nuchal cord(s).

Predisposing factors of nuchal cord(s) and a true knot(s)
of the umbilical cord are similar and include an excessively
long umbilical cord (prone to entanglement) and the presence
of each of these entities (separately, and at times coexisting in
the same pregnancy).>'%'® Accordingly, predisposing risk
factors include excessively long umbilical cords, polyhy-
dramnios, excessive fetal movements, gestational diabetes,
multiparity, post-term pregnancy, marginal cord insertion,
and male fetuses.>'*'® Ogueh et al, in a 2006 study of
57,853 singleton deliveries, noted 13,717 deliveries
(23.71%) with a least one nuchal cord and additional risk
factors, including induction of labor, slow progress of labor,
and shoulder dystocia.'* In general, an umbilical cord length
of >70-80 cm is considered a predisposing factor for the
formation of nuchal cord(s).'* A case of five loops of nuchal
cord (resulting in stillbirth) with an excessively long umbili-
cal cord measuring 190 cm was reported by Dursun et al.'®,
Notwithstanding, the pathogenesis of the formation of nuchal
cords is not entirely clear. Although it appears that fetal
movements may result in cord entanglement (most com-
monly nuchal cord) and that excessive fetal movements and
long umbilical cords predispose to entanglement, it remains
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unclear why some fetuses develop nuchal cord(s) while

10 Whereas true knots of the umbilical cord

others do not.
are infrequent (<1% of singleton deliveries at term) and have
been associated with a 4-10-fold increase in the likelihood of
stillbirth (and are often not depicted at prenatal sonography
owing to the inability to depict the umbilical cord throughout
its entire length with ultrasound), loops of umbilical cord
around the fetal neck — nuchal cords — are relatively frequent
occurrences.

In general, the incidence of nuchal cord(s) increases
linearly with advancing gestational age, ranging between
15.8% and 30% of all singleton deliveries at term.'’2°
Schiffer et al in 2005 reported an incidence of nuchal cords
in term and post-term deliveries of 33.7% and 35%,
respectively.?’ The finding that the reported incidence of
nuchal cord rises considerably toward term possibly reflects
increasing fetal activity and gradually decreasing amniotic
fluid volume, or both.*'** The incidence of multiple nuchal
cords is considerably lower (approximately 5% or lower for
double nuchal cords, and in general is inverse to the increas-
ing number of loops involved).>***-* The incidence of
a quadruple nuchal cord of 0.1% of all deliveries was
reported by Dipple.* Rare cases of between five and 10
loops of nuchal cord have been reported.'®*3>* Of note, of
these anecdotal cases of high-order multiple loops of nuchal
cord, the cases with five and 10 loops of nuchal cord were
associated with stillbirth, presumably due to the multiple
nuchal cords.'®* In the cases with six, seven, eight, and
nine loops of nuchal cord, Cesarean deliveries of liveborn
neonates were reported.”® 2

Prior to prenatal sonographic diagnosis of nuchal cords,
various indirect (either spontaneous or evoked) diagnostic
modalities were utilized in the prenatal or intrapartum pre-
diction of the presence of nuchal cords.***° In contrast,
prenatal ultrasound enables direct imaging diagnosis
throughout gestation, independent of fetal heart rate changes.

Two types of nuchal cord have been reported by
Giacomello:*' type A, a freely sliding pattern, which may
become reduced spontaneously; and, in contrast, type B,
a nuchal cord that encircles the fetal neck in a locked fashion,
which is unlikely to reduce spontaneously.'®*'*** Nuchal
cords have also been designated “tight” versus “loose”,
according to whether or not the nuchal cord(s) can be manu-
ally reduced (delivered over the fetal head).**

This commentary will address current perspectives of
prenatal sonographic diagnosis and management chal-
lenges associated with nuchal cord(s) in singleton
pregnancies.

Nuchal Cord(s) in the First

Trimester

Effects of the presence of a nuchal cord in the first trime-
ster include effects upon nuchal translucency measurement
and flow within the ductus venosus.

Nuchal Translucency

Schaefer et al in 1998 reviewed 316 cases in which nuchal
translucency was assessed and determined that inadvertent
inclusion of the nuchal cord added a mean of 0.8 mm to
the nuchal translucency measurement.*> These authors
concluded that the presence of a nuchal cord may bias
the results of nuchal translucency measurement and sug-
gested that application of color Doppler imaging may
decrease the false-positive rate in screening for fetal aneu-
ploidy by nuchal translucency measurement.*> Maymon
et al described two cases in which transient increased
thickness of the nuchal translucency was attributed to the
presence of a nuchal cord, and concurred that the possible
presence of a nuchal cord should be considered in the
work-up of cases of increased nuchal translucency.*®
Scheier et al in 2007 prospectively assessed the nuchal
translucency measurement of 53 fetuses with nuchal cord
between 11 and 3/7 and 13 and 6/7 weeks’ gestation.*’
These authors noted a wide scattering of measurements in
fetuses with nuchal cord in comparison to the same fetuses
(after a median interval of 132 minutes) when the nuchal
cord has reduced spontancously, and concurred that the
presence of a nuchal cord prevents the accurate calculation
of true nuchal translucency.*’

Ductus Venous Assessment

Conflicting reports regarding this potential effect of
a nuchal cord have been published. Plasencia et al studied
1174 normal non-selected singleton fetuses between 11
and 13 and 6/7 weeks’ gestation, noting a nuchal cord in
6.73% of cases.*® These authors found a lower pulsatility
index in fetuses without a nuchal cord in comparison to
those with a nuchal cord (P<0.001).*® In contrast, Petousis
et al, in a later study of 1974 fetuses between 11 and 13
and 6/7 weeks’ gestation, noted a significantly higher
incidence of nuchal cord between 13 and 13 and 6/7
weeks’ gestation of 24.7% (n=119) compared to between
12 and 12 and 6/7 weeks’ gestation of 16.5% (n=1920)
and between 11 and 11 and 6/7 weeks’ gestation of 7.9%
(n=26) (P<O.01).49 In this study, no correlation was noted
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between the presence of a nuchal cord and the ductus
venosus pulsatility index.*’

Nuchal Cord(s) in the Mid-Trimester

Tepper et al determined the incidence of cord entangle-
ment around any part of the fetal body in 237 singleton
fetuses between 13 and 16 weeks’ gestation.”® Cord entan-
glement was defined when one or more of the following
were noted: one or more loops of cord around the neck,
hand, leg, thorax, abdomen, and/or shoulder. Umbilical
cord entanglement was noted in 149 patients (62.9%). Of
those, 64 (42.9%) were nuchal cords, 23 (15.4%) around
the legs, 19 (12.7%) around the hands, seven (4.8%)
around the abdomen (Figure 1), and 36 (24.2%) around
other body parts (thorax, shoulder, and pelvis).>® The
authors noted that this incidence was higher than the
incidence of cord entanglement later in pregnancy and
should be therefore considered a part of early normal
fetal development.

Effects of the presence of a nuchal cord in the mid-
trimester include an effect upon the nuchal fold thickness
measurement (associated with an increased risk of fetal
trisomy 21). Lee et al in 2003 first reported that among
548 fetuses assessed between 16 and 24 weeks’ gestation
the nuchal fold was thicker among fetuses in the presence
of a nuchal cord.’' This observation was further supported
in 2012 by Ozhavukcu and Haliloglu, who studied 242
fetuses between 8 and 24 weeks’ gestation and reported
mean nuchal fold thickness measurements of 4.66
+0.64 mm and 4.364+0.79 mm for fetuses with and without
nuchal cords, respectively (P=0.049).>> Thus, it appears
prudent to obtain this measurement in the absence of
a nuchal cord if possible.

Mid-trimester stillbirth attributed to nuchal cord
entanglement has been reported rarely (in association
with tight
a markedly thinned and elongated fetal neck”).

cord and
31,53,54

“multiple loops of nuchal

Other than attention to the above-mentioned potential
indirect sonographic effects of nuchal cords during the
mid-trimester, no benefit in clinical outcome has been
reported with such early diagnosis of this condition,
which commonly reduces spontaneously with advancing

1.50

gestational age, as described by Tepper et a Any

potential impact upon perinatal outcome therefore

remains limited to the third trimester, which will be
detailed in the following section.

»

Figure | Mid-trimester axial image of the fetal body. Note two loops of cord
around the lower fetal abdomen. Upper panel: Axial image. Lower panel: Sagittal
image.

Nuchal Cord(s) in the Third
Trimester

Prenatal Sonographic Diagnosis

Although reported initially with real-time, gray-scale ultra-
sound involving both sagittal and axial images of the fetal
neck area (noting the vascular structures) of the nuchal

26,39,42,55,56
cord,26-39:42:35,

the gold-standard (indirect) gray-scale
sonographic sign associated with nuchal cord, the “divot
sign”, was reported by Ranzini et al in 1999.°” These
authors described that in the presence of a nuchal cord,
sagittal scanning of the posterior aspect fetal neck will
depict scalloping of the fetal subcutaneous tissue — an
indentation or “imprint” of the nuchal cord compressing
the fetal subcutaneous tissue below the nuchal cord
(Figure 2).°” This sonographic finding, reported as “a
marked impression of the nuchal skin below the umbilical

cord”, was described by Verdel and Exalto in association
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Figure 2 Upper panel: Sagittal image of vertex-presenting fetus. The “divot sign”.
Note three separate “divots” in the subcutaneous tissue of the posterior aspect of
the fetal neck, representing and associated with a triple nuchal cord at delivery.
Lower panel: Power Doppler image depicting the above triple nuchal cord.

with a stillbirth and tight nuchal cord at delivery.’® The
sonographic marked impression of the umbilical cord in
the nuchal skin area was incorrectly attributed to “stran-
gulation”. Rarely, in the presence of multiple loops >3 the
number of “divots” may be lower than the number of
nuchal loops in that some of the loops may overlap other
loops and not necessarily the fetal skin. Given the sonolu-
cent appearance of the umbilical vessels (despite utiliza-
tion of high-resolution equipment), real-time ultrasound
requires a high degree of suspicion in order not to inad-
vertently miss the presence of a nuchal cord. For accurate
diagnosis as mentioned, both axial and sagittal imaging of
the fetal neck are required. Although it may appear logical
to infer that the presence of a divot sign (versus the
absence of this sign in association with a nuchal cord)
may indicate a tight nuchal cord at delivery, this is not

the case. To our knowledge, there is no association
between the presence of the divot sign and a tight nuchal
cord at delivery.

Color and power Doppler imaging and three-dimensional
ultrasound with direct sonographic depiction of nuchal cord
(s) (and the precise number of loops) have enabled direct
diagnosis without relying on the presence of indirect, asso-
ciated sonographic changes — the subcutaneous indentation
and “divot” sign. Although the latter remains a useful screen-
ing tool for the presence of nuchal cord(s), upon suspicion of
such, further documentation with either color, power Doppler
or three-dimensional ultrasound appears prudent (Figure 3).
Color Doppler clearly has resulted not only in confirmation
of nuchal cord(s) but also notably higher sensitivity and
specificity rates for this condition than were previously pos-
sible with real-time, gray-scale ultrasound alone.

Sensitivity

Utilizing color Doppler imaging at third-trimester sono-
graphic imaging, Jauniaux et al in 1992 correctly identified
28 (72%) single and 17 (94%) multiple nuchal cords found
at birth.® The overall sensitivity of color imaging in the
prenatal detection of nuchal cord(s) was greater than for
gray-scale (79% compared with 33%). The sensitivity of
color imaging was also higher after 36 weeks than before
36 weeks (93% compared with 67%).’ ?

Morgan-Ortiz et al in 1997 assessed 114 pregnant women
in labor for the presence of a nuchal cord, noting a sensitivity
of 80% (95% CI 72.66-87.34%), specificity of 96% (95% CI
92.91-99.09%), and positive and negative predictive values

P

Figure 3 Three-dimensional left posterior oblique view of the fetal head and neck.
Note left fetal ear and mandible. Triple loop (of uncoiled) nuchal cord is clearly
visible.
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of 87% and 94%, respectively.®® These authors concluded
that the high specificity of 96% implies that sonography may
be utilized as a screening test for the identification of preg-
nancies with nuchal cord.®

Qin et al in 2000 similarly assessed 180 patients with
color Doppler imaging versus gray-scale ultrasound for the
presence of a nuchal cord prior to labor. Sixty-two patients
(34%) had a nuchal cord at delivery.®' The sensitivity of
color Doppler imaging in detecting a nuchal cord was
96.8% and significantly higher (P<0.05) than gray-scale
imaging alone.®
Romero-Gutiérrez et al, similarly utilizing color
Doppler imaging, assessed 132 low-risk women for the
presence of a nuchal cord, 50 (37%) of whom had a nuchal
cord at delivery. Sensitivity, specificity, and positive pre-
dictive and negative predictive values were 92%, 87%,
81%, and 95%, respectively.®®

Aksoy, in a limited study in 2003, demonstrated the
sensitivity of color Doppler sonography in depicting
a nuchal cord of 95% (18/19 fetuses), with a specificity
of 92% (45/49), and positive and negative predictive
values of 82% (18/22) and 98% (45/46), respectively.®?

Hanoaka et al in 2002 compared real-time (two-
dimensional), color Doppler and three-dimensional sonogra-
phy in predicting the presence of nuchal cord at delivery of
120 women, 30 of whom had a single nuchal cord, four
a double nuchal cord, and one a triple nuchal cord.** Real-
time, color Doppler, and three-dimensional sonography
detected 24 (69%), 29 (83%), and 25 (71%), respectively,
of the cases of nuchal cord. No significant differences in
overall diagnostic indices of each diagnostic modality were
noted, and the authors concluded that three-dimensional sur-
face imaging does not provide enhanced diagnostic capabil-
ities in the detection of nuchal cord(s).**

Peregrine et al in 2005 performed gray-scale and color
Doppler imaging prospectively upon 289 women immedi-
ately prior to induction of labor to assess the presence of
nuchal cord(s).®> A nuchal cord was present in 52 cases
(18% of all deliveries). A single nuchal cord was noted in
14.5%, double loop in 2.8%, and triple loop in 0.7% of
cases, although this difference did not meet clinical sig-
nificance (relative risk=0.61; 95% CI 0.32—1.18). The sen-
sitivity of ultrasound in diagnosing a nuchal cord was
37%, with specificity, and positive and negative predictive
values of 80%, 29%, and 85%, respectively. The sensitiv-
ity of ultrasound in diagnosing a nuchal cord when there
was more than one loop present was 60% compared to
37% when only one loop was present.®®

Markov et al in 2007, in a study of 86 singleton
pregnancies between 37 and 42 weeks’ gestation, noted
sensitivity, specificity, and positive and negative predictive
values of 68.1%, 77.2%, 53.5, and 86%, respectively.66
These authors, similarly to Peregrine et al,®” noted that the
detection rate of multiple loops of nuchal cord was higher
than that of single loops.®®

Possible Confounding Factors
Single Umbilical Artery

Single umbilical artery is the most common true congenital
anomaly of humans, with an incidence of approximately
0.63-1% of newborns (B).”’ Friebe-Hoffmann et al detailed
a retrospective analysis of 1169 women with singleton preg-
nancies diagnosed with single umbilical artery.®® Of the 169
fetuses, 989 (84.6%) were noted to have an isolated single
umbilical artery while 180 (15.4%) presented with additional
structural and/or chromosomal anomalies. Fetuses with sin-
gle umbilical artery had lower birth weight (2825 grams
versus 3220 grams, P<0.00) and higher rates of preterm
delivery before 34 weeks’ gestation (13.7% versus 3.8%,
P<0.001), and weighed <5th centile (21.6% versus 9.3%,
P<0.001). In 60 children (5.1%), chromosomal or structural
anomalies were detected postpartum.®® Isolated single umbi-
lical artery was also noted in another study to be an indepen-
dent predictor of adverse perinatal outcomes in term
neonates. In this study, isolated single umbilical artery was
noted in 786 (0.3%) of 233,123 deliveries.”” Adverse out-
comes associated with isolated single umbilical artery
included placental abruption (OR=3.4), umbilical cord true
knot (OR=3.5), cord prolapse (OR=2.8), 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 antenatally (intrauterine fetal death
OR=8.1) and postnatally (postpartum death OR=6.1).®

As mentioned in the Introduction, the presence of two
umbilical arteries can be viewed as an inherent protection
system of the fetus in the event of antepartum compression
of the umbilical cord. In this scenario, the Hyrl anastomo-
sis between the two umbilical arteries in close proximity
to the placental insertion of the cord enables potential
unpaired continuation of placental perfusion despite com-
pression or, alternatively, cessation of flow in one of the
umbilical arteries. This potential cord compression safety
mechanism is clearly absent in the presence of a single
umbilical artery. Upon follow-up of a fetus with a known
single umbilical artery further complicated by the
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presence of a double nuchal cord, we were therefore not
surprised at electronic fetal monitoring to note a prolonged
fetal bradycardia necessitating immediate Cesarean deliv-
ery of an uncompromised neonate.”” We speculated that
the umbilical cord compression with the double nuchal
cord may have been considerably less tolerable by the
fetus, given the absence of the second “protective” umbi-
lical artery.”® Of note, we have observed similar occur-
rences of double nuchal cord in association with a single
umbilical artery with prolonged fetal heart rate monitoring
in the third trimester, necessitating immediate Cesarean
delivery of non-compromised neonates on at least two
other separate occasions. Although, to our knowledge,
the potential impact of a single umbilical artery and pos-
sible associated diminished capacity of the fetus to tolerate
compression of the nuchal cord(s) has not been reported
by others, we maintain increased fetal surveillance (pro-
longed fetal heart rate monitoring) when noting the coex-
istence of these two otherwise unassociated events [nuchal
cord(s) in the presence of a established single umbilical
artery] occurring simultaneously, and are more likely to
deliver upon noticing fetal heart rate changes.

Decreased Wharton’s Jelly

Studying the sonographic cross-sectional area of the umbi-
lical cord and subtracting the vascular area from the over-
all umbilical cord area, Ghezzi et al in 2001 established
a nomogram regarding the sonographic measurement of
Wharton’s jelly in 659 fetuses between 15 and 42 weeks’
gestation.”' These authors noted that the Wharton’s jelly
area increases as a function of gestational age, and is
correlated with fetal size up to 32 weeks’ gestation.”*

In three subsequent studies, this group of investigators
noted that prenatal sonographic depiction of a lean umbi-
lical cord may serve as a simple marker for fetuses des-
tined to be small for gestational age at birth.”” The
proportion of subsequent small for gestational age fetuses
at birth exhibiting a lean umbilical cord was higher than
those with a normal umbilical cord (11.5% versus 2.6%,
P<0.05), and fetuses with a lean umbilical cord had
a 4.4-fold higher risk of being small for gestational age
at delivery than those with a normal umbilical cord. The
incidence of meconium-stained amniotic fluid at delivery
was higher in fetuses with a lean umbilical cord versus
those with a normal umbilical cord (14.6% versus 3.1%,
P<0.001). The proportion of infants who had a 5-minute
Apgar score <7 was higher among those with a lean umbi-
lical cord than among those with a normal umbilical cord

(5.2% versus 1.3%, P<0.05). In addition, considering only
women admitted in labor with intact membranes and who
delivered an appropriate for gestational age infant, the
proportion of fetuses with oligohydramnios at delivery
was higher among those who had a lean umbilical cord
than among those with a normal umbilical cord (17.6%
versus 1.3%, P<0.01).”

In 2003, the same group of investigators compared 84
growth-restricted fetuses with 168 appropriate for gesta-
tional age fetuses, and noted that the prevalence of lean
umbilical cords (cross-sectional area <10th centile for
gestational age) was significantly higher among growth-
restricted fetuses versus appropriate for gestational age
fetuses (73.8% versus 11.3%, P<0.001).”

Raio et al in 1999 noted that a decrease in Wharton’s jelly
is frequently observed in cases of single umbilical artery,
itself a possible risk factor for fetuses with nuchal cord (see
“Single Umbilical Artery”, above).”* These authors sug-
gested that the association of increased perinatal morbidity
and mortality observed in cases of single umbilical artery
even in the absence of congenital or chromosomal abnorm-
alities may reflect consequences of the reduced amount of
Wharton’s jelly.”* Thus, the combined pathophysiology of
single umbilical artery and a decreased amount of Wharton’s
jelly possibly represents a combination of compromised
inherent teleological protective mechanisms of the umbilical
cord and thus results in the increase in adverse perinatal
outcomes of fetuses, further complicated by the presence of
nuchal cords, and especially multiple nuchal cords.

Decreased Umbilical Cord Coiling

Coiling of the umbilical cord, present from the mid-first
trimester, is another teleological protective mechanism
protecting the umbilical cord from lateral shearing and
potential compressive forces. Realizing the absence of
these protective mechanisms of the umbilical cord with
decreased coiling, Strong et al noted clinical findings
suggesting that the fetus with non-coiled umbilical blood
vessels is at increased risk for perinatal morbidity and
mortality.” Strong et al, in an effort to quantitate umbilical
vascular coiling, described the coiling index by dividing
the total number of complete umbilical vascular coils by
the umbilical cord length in centimeters.”® The mean
umbilical coiling index was 0.21+0.07 (SD) coils per -
centimeter.’® These authors noted an increased risk of
adverse perinatal outcomes associated with decreased coil-
ing of the umbilical cord. Specifically, among those whose
umbilical coiling index values were <10th centile, there
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was a significantly greater incidence of karyotype abnorm-
alities (P=0.04), meconium-staining (P=0.03), and opera-
tive delivery for fetal distress (P=0.03). There was
a significantly greater incidence of moderate or severe
variable fetal heart rate decelerations for those whose
umbilical coiling index value was either <10th centile
(0.1 coils/cm) or >90th centile (0.3 coils/cm).”® These
investigators later noted that among 200 consecutive live-
born neonates the mean umbilical coiling index among
those with nuchal cords (0.18+0.09 coils/cm) was signifi-
cantly lower than among the group without nuchal entan-
glement (0.21£0.07 coils/cm, P=0.01).”” Among those
with umbilical coiling indices <0.1 coils/cm, 42% had
nuchal cords, while only 4.8% of infants with umbilical
cords with indices >0.3 coil/cm had nuchal cords
(P=0.007). These authors concluded that an association
exists between the density of umbilical vascular coiling
and nuchal entanglement of the cord.”’

Nuchal cord(s) noted either with prenatal ultrasound or,
alternatively, at delivery may be coiled or uncoiled.
Potential clinical implications of decreased coiling within
the loops of nuchal cord are unclear. In our prospective
study of a set of 115 patients with well-established dates
and singleton, appropriate for gestational age, non-
anomalous fetuses between 28 and 41 weeks’ gestation
and nuchal cord(s) (103 fetuses with a single loop and 12
a double nuchal cord), we later performed an analysis of
outcomes according to the presence or absence of coiling
within the nuchal cord(s) at the time of prenatal sono-
graphic diagnosis.”® No significant differences in perinatal
outcomes were noted, although it should be mentioned that
this subset analysis did not reach statistical power to sub-
stantiate this negative finding.

It appears the potential role of decreased umbilical cord
coiling in the formation of nuchal cord(s) and/or the
potential increased risk of adverse perinatal outcome asso-
ciated with nuchal cords exhibiting decreased coiling ver-
sus fetuses with nuchal cord(s) with normal coiling
currently remains elusive, although clearly the absent coil-
ing may suggest or indicate that these umbilical cords are
more prone to potential compression.

Decreased Amniotic Fluid Volume
(Oligohydramnios)

Strong et al noted that among 70 women delivering infants
with nuchal cords, there was a significantly higher inci-
dence of meconium-stained amniotic fluid and severe

variable fetal heart rate decelerations/fetal bradycardia
among patients who were noted to have intrapartum oli-
gohydramnios (defined by an amniotic fluid index
<5 cm).”? It appears that the decreased amount of amniotic
fluid is likely associated with decreased resistance of the
umbilical cord vasculature to the transient effects of uter-
ine contraction-associated compression.

Fetal Growth

The possible association between nuchal cords and fetal
growth restriction remains unclear. Three relatively large
studies did not find an association between nuchal cord and
birthweight.** ™ In 1993, Lipitz et al studied outcomes of
12,697 births and noted that a double nuchal cord occurred in
8.3% of cases with no effect upon birth weight.*® These
authors noted that the incidence of nuchal cord was signifi-
cantly lower (P<0.0006) in infants with birth weights <2000
grams. Carey and Rayburn in 2003 similarly studied 13,256
deliveries, noting single nuchal and double nuchal cords in
3230 (24.4%) and 504 (3.8%) of deliveries, respectively.®'
The mean birth weight was no different in the presence of
single, multiple, or no nuchal cord(s) (3206 grams, versus
3135 grams, and 3252 grams, respectively (P=0.7)).8!
Mastrobattista et al in 2005 studied 4426 neonates of whom
691 and 84 had one or double nuchal cords at delivery, versus
3651 neonates without nuchal cords. There were no signifi-
cant differences in birth weight.*?

In contrast, other studies note that diminished fetal
growth has been associated with nuchal cord(s). Osak
et al assessed 10,509 singleton term deliveries excluding
pregnancies complicated by pregnancy-induced hyperten-
sion, fetal growth restriction, and diabetes.®® Of the infants
studied, 2699 (25.7%) had a nuchal cord at delivery. Birth
weights of infants with a nuchal cord were slightly lower
(34814467 grams versus 3548+142 grams, P<0.01). These
authors reported a “dose effect”, with infants with double
nuchal cords or higher having lower birth weights.®?

Sornes in 1995 studied the outcomes of 11,201 births
and noted that the presence of umbilical cord encircle-
ments is associated with fetal growth restriction, with the
severity of the growth restriction being positively related
to the number of encirclements.®*

Bord et al in 2007 reported a case of marked fetal growth
restriction and multiple nuchal cords.®® Following depiction of
severe early symmetrical fetal growth restriction with
a quadruple nuchal cord at 30 weeks’ gestation, electronic
fetal
variable decelerations necessitating Cesarean delivery of

heart rate monitoring revealed repeated severe
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anon-asphyxiated, markedly growth-restricted neonate weigh-
ing 840 grams with a tight quadruple nuchal cord.®’

Hoh et al in 2012, in data regarding 150 cases with
nuchal cords (300 cases without nuchal cords, 124 cases of
single nuchal cord, and 26 with multiple nuchal cords), noted
that the birth weight of infants with multiple nuchal cords
was significantly lower than that of infants without nuchal
cords (331724 grams versus 3054+55 grams, P=0.0008).%

Similarly, we followed a patient with a persistent quad-
ruple nuchal cord throughout the third trimester (Figure 4).*
Repeat sonographic evaluations at 2-week intervals demon-
strated gradual continued decelerating fetal growth. Detailed
work-up for fetal growth restriction was negative. The patient
declined elective delivery at 37 weeks, indicated owing to
continued fall-off of growth. Following depiction of a triple
nuchal cord at 40 weeks’ gestation (Figure 5), the patient
underwent induction of labor at her request. Intrapartum non-
reassuring fetal heart rate necessitated Cesarean delivery of
a female infant weighing 2350 grams (<3rd centile for gesta-
tional age), with a tight triple nuchal cord.®’

True Knot of the Umbilical Cord with
Coexisting Nuchal Cord

Two recent reports have addressed prenatal sonographic
diagnosis of coexisting true knot of the umbilical cord and
nuchal cord.'""'> We reported a series of three such cases in
the thirdtrimester, in which the true knot of the umbilical
cord was located within the loop of the nuchal cord itself
(Figure 6)."" Following admission for continuous fetal mon-
itoring and administration of intramuscular antenatal ster-
oids to decrease overall prematurity-associated neonatal
morbidities, in each of these three cases (at 36-37 weeks’
gestation) fetal heart rate monitoring disclosed prolonged
fetal bradycardia, leading to Cesarean delivery of uncom-
promised infants (in which all three cases had coexisting
nuchal cords with a true knot of the umbilical cord located
precisely as depicted by prenatal ultrasound within the
nuchal cord loop) (Figure 6)."

Tight Nuchal Cord

Nuchal cords have also been designated “tight” versus
“loose”, the implication being that “tight” nuchal cord(s)
are more likely to be prone to, or associated with, vascular
compromise prior to or during labor, or at delivery.**
Since the designation “tight” versus “loose” is made accord-
ing to whether or not the nuchal cord(s) can be manually

reduced (delivered over the fetal head), it is inferred that

Figure 4 Sagittal image of breech-presenting fetus at 27 weeks’ gestation. Upper panel:
Power Doppler image of quadruple nuchal cord. Lower panel: Power Doppler three-
dimensional image of above. Note coiled nuchal cords. Reproduced with permission
from Sherer DM, Dalloul M, Sabir S, London V, Haughton M, Abulafia O. Persistent
quadruple nuchal cord throughout the third trimester associated with decelerating fetal
growth. Ultrasound Obstet Gynecol. 2017;49(3):409—410. Copyright © 2016 ISUOG.
Published by John Wiley & Sons Ltd.*”

a “tight” nuchal cord cannot be diagnosed with prenatal
ultrasound. Worded differently, prenatal sonography cannot
predict whether or not nuchal cord(s) will be manually redu-
cible at delivery.

Umbilical cord compression leads to obstruction of blood
flow in the thin-walled umbilical vein, while blood continues
to be delivered in a pulsatile fashion through the thicker-
walled umbilical arteries. This may result in cases of “tight”
nuchal cord in neonatal hypovolemia, acidemia, subsequent
respiratory distress, and anemia.*® Physical examination
upon delivery of such neonates may reveal overall pallor,
dusky facies, petechiae, tachycardia, and hypotension. These
clinical findings have been considered similar to those noted
in association with non-lethal strangulation in the adult.
Peesay described a possible syndrome, tight cord around
the neck (tCAN) syndrome.* Physical neonatal cardiore-
spiratory and neurological features, such as facial duskiness,
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Figure 5 Sagittal image of the same fetus depicted in Figure 4 now vertex-
presenting at 40 weeks’ gestation, with decelerated fetal growth (and now overt
fetal growth restriction). Upper panel: Power Doppler image of triple nuchal cord.
Lower panel: Power Doppler three-dimensional image of above. Note the presence
of coiled nuchal cords. Reproduced with permission from Sherer DM, Dalloul M,
Sabir S, London V, Haughton M, Abulafia O. Persistent quadruple nuchal cord

throughout the third trimester associated with decelerating fetal
growth. Ultrasound Obstet Gynecol. 2017;49(3):409-410. Copyright © 2016 ISUOG.
Published by John Wiley & Sons Ltd.%”

skin abrasion of the neck due to tight nuchal cord, facial
petechiae, subconjunctival hemorrhage, pallor of body below
the tight nuchal cord, and respiratory distress and hypotonia,
appear as a result of tight nuchal cord. Peesay grades tCAN
syndrome (grades 1-4) based on the severity of clinical signs
and symptoms.*’

Martinez-Biarge et al in 2016 assessed intrapartum risk
factors for neonatal arterial ischemic stroke.”® These
authors noted that compared with controls, mothers of
infants with neonatal arterial stroke were more likely to
have experienced more intrapartum complications, includ-
ing a tight nuchal cord at delivery (15% versus 6%), and
concluded that intrapartum events may have a more sig-
nificant role in the pathogenesis of neonatal arterial
ischemic stroke than previously considered.”

Henry et al in 2013 performed a retrospective compar-
ison utilizing electronic data of all deliveries during

Figure 6 Power Doppler sagittal view of vertex-presenting fetus at 37 weeks’
gestation (fetal cranium on the right). Note depiction of true knot of umbilical cord
(“smiley” sign), within the nuchal cord. Reproduced with permission from Sherer
DM, Dalloul M, Ward K, et al. Coexisting true umbilical cord knot and nuchal cord:
possible cumulative increased risk of adverse perinatal outcome. Ultrasound Obstet
Gynecol. 2017;50(3):404-405. Copyright © 2016 ISUOG. Published by John Wiley &
Sons Ltd."

a 6-year period (2005-2010) in a multihospital system in
the western United States.** Each birth was recorded at
delivery as having a tight nuchal cord, loose nuchal cord,
or no nuchal cord. “Tight” was defined as the inability to
manually reduce the loop over the fetal head and “loose”
as the ability to manually reduce the loop over the head.
Of 219,337 live births, 71.8% (n=157,492) had no nuchal
cord, 21.6% (n=47,364) had a loose nuchal cord, and 6.6%
(n=14,481) had a tight nuchal cord at delivery. No signifi-
cant difference was noted in the neonatal outcome para-
meters assessed, including gestational age at delivery, birth
weight, shoulder dystocia, admissions to the neonatal
intensive care unit (NICU), dopamine in the first 24
hours of life, hemoglobin in the first 24 hours of life,
RBC transfusion in the first 24 hours of life, and neonatal
deaths in the hospital, between infants with no nuchal
cord, and loose or tight nuchal cords at delivery. Among
neonates born with very low birth weights (<1500 grams)
(n=2005), 87.3% (n=1751) had no nuchal cord, 9.2%
(n=184) had a loose nuchal cord, and 3.5% (n=70) had
a tight nuchal cord at delivery. Similarly, in this subset
group of neonates, no significant differences were found in
the outcome parameters assessed, including gestational
age at delivery, birth weight, Apgar scores at 1 or 5
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minutes, intraventricular hemorrhage grade >3, retinopa-
thy of prematurity grade >3, periventricular hemorrhage,
or deaths in the hospital. Unfortunately, this retrospective
study was unable to provide an objective assessment of the
degree of nuchal cord tightness (including whether or not
attempts at reducing the cord manually were performed).
In addition, no information was provided regarding out-
comes of deliveries with multiple nuchal cords, as this
“was charted inconsistently”.** Another drawback of this
retrospective analysis is that no information whatsoever is
given regarding mode of delivery. Clearly, the inclusion of
only vaginal births may have skewed data in a favorable
fashion. Conversely, if indeed Cesarean deliveries were
included, separate analyses of neonatal outcomes of these
deliveries, in our assessment, would have been critical, as
potentially fetuses with tight nuchal cords (and possible
intrapartum umbilical cord compression associated non-
reassuring fetal status) resulting in Cesarean delivery
may have revealed important clinical observations regard-
ing tight nuchal cords. Nevertheless, despite clear lacking
clinical data, these authors concluded that a tight nuchal
cord at delivery is not associated with clinically significant
adverse neonatal outcomes. While clearly the vast majority
of neonates with single or multiple, loose or tight, nuchal
cords are unaffected at delivery, this is by no means
a given, and in our assessment these conclusions disregard
emerging data and likely represent an oversimplification.
Zhao et al in 2015 attempted to quantitate the prenatal
sonographic assessment of “tightness of nuchal cord”.”!
Among fetuses with nuchal cord (n=82), these authors
chose the sonographic cross-section of the cord at the
deepest impression of the nuchal cord (“divot” sign).
They then created a connecting line between the two
sides of the skin edges around the cord, and measured
the depth from this line to the deepest edge of the impres-
sion (median depth=6.5 mm). Subsequently, they calcu-
lated the proportion of the depth divided by the area of the
cord under the connecting line (between the skin edges), as
representative of the “tightness” of the nuchal cord.
Dividing the group of fetuses with nuchal cord into those
with tight (n=41) versus loose nuchal cord (n=41), no
significant correlations between the depth of the deepest
impression or the proportion of the depth to area under the
skin connecting line and fetal distress were noted.”’
Nonetheless, clearly, labor, and especially descent of the
fetal head in the birth canal, and in particular the residual
length of umbilical cord, are parameters that may directly

affect the tightness of the nuchal cord at delivery, which
currently cannot be ascertained by prenatal sonography.

Thus, we are not aware of any prenatal objective qua-
lification of the tightness of nuchal cord(s), other than
possibly the prenatal sonographic depiction by Doppler
flow velocimetry of umbilical cord vascular impairment,
presumably due to compression (“tightness”), leading to
delivery at 30 weeks’ gestation.”® Furthermore, Qin et al in
2000 assessed intrapartum color sonography, and although
the sensitivity of color Doppler in detecting nuchal cords
was 96.8%, tight or loose nuchal cords at delivery could
not be distinguished by ultrasound.®’

Miscellaneous

Induction of Labor

Ghi et al in 2007 assessed the possible impact of the
presence of a nuchal cord upon induction of labor in 184
women, and noted that among women undergoing cervical
ripening only multiparity and a favorable Bishop score
were predictors of successful induction of labor.”*> The
presence of a nuchal cord, in 32% of women (159/184),
was not associated with an increased risk of induction
failure.

Shoulder Dystocia

Flamm in 1999 cautioned regarding the potential “cata-
strophic complication” of nuchal cord in association with
shoulder dystocia.”* Ogueh et al noted that shoulder dys-
tocia occurred more commonly in association with nuchal
cord, especially when the nuchal cord was tight.'* These
authors speculate that the nuchal cord may have prevented
the fetus from descending through the birth canal,
although they did caution regarding potential selective
observer recording bias, in that events surrounding
shoulder dystocia are more likely to be “documented
more conscientiously”.

Polyhydramnios

Perlitz et al reported acute polyhydramnios at term asso-
ciated with multiple nuchal cords and speculated that the
triple nuchal cord may have limited fetal swallowing,
similarly to the proposed association of swallowing
impairments reported with fetal goiters, cervical teratomas,
or skin abnormalities.”> Although this possible association
appears plausible, it should be noted that despite the rela-
tively high incidence of multiple nuchal cords, this obser-
vation has not been reported by others. Also of note, in
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their description, the authors fail to report the status of the
fetal stomach, an important finding, as the presence of
a fluid-distended fetal stomach would indicate unaffected
fetal swallowing despite the presence of a triple nuchal
cord.

External Cephalic Version

Al-Kouatly et al reported awaiting the spontaneous uncoil-
ing of a double nuchal cord (documented at 36 weeks)
prior to successfully performing external cephalic version
of a patient with a breech-presenting fetus at 38 weeks’
gestation.”® However, nuchal cords are not considered an
absolute contraindication for external cephalic version.
Boujenah et al in 2017, in a retrospective analysis of
cases with attempted external cephalic version between
1998 and 2015, noted that the success or failure of external
cephalic version was not associated with an increased risk
of cord accident (nuchal cord or prolapse).”’

Perinatal Outcome

Clearly, the vast majority of infants with nuchal cord(s) at
delivery are uncompromised. Review of the literature
essentially confirms the complete absence of adverse peri-
natal outcomes, with comparable outcomes of infants
delivered with or without nuchal cords.'**%

Few publications support significantly different out-
comes, yet those that do report such results acknowledge
reassuring overall unaffected neonatal outcomes despite
these differences. Among such studies, Schéffer et al, noting
rates of 34% and 35% of nuchal cords in patients delivering
between 37 and 41 weeks’ gestation compared with those
after 41 weeks’ gestation, respectively, detected that
a significantly lower number of infants with nuchal cords
were assigned 1-minute Apgar scores <7, with no difference
in 5-minute Apgar scores or NICU admissions.”’ Similar
results regarding significantly lower 1-minute, but not 5-min-
ute Apgar scores among infants born with nuchal cords were
presented by Sheiner et al.” Since fetuses with nuchal cord-
(s) exhibit a higher incidence of non-reassuring fetal heart
rate patterns (due to transient umbilical cord compression), it
appears that these lower 1-minute (but not 5-minute) Apgar
scores may reflect such transient changes without affecting
outcome. In the case—control study of Hankins et al, the
umbilical artery pH levels at delivery were 7.25 versus 7.27
in infants with versus those without nuchal cords (P£<0.05).
Among infants born with a nuchal cord, the umbilical artery
acidemia was usually mixed (68%) or respiratory in origin

(23%), and pure metabolic acidemia was infrequent (9%).'*

Miser in 1992 performed a retrospective case—control
study of 706 infants born in a community hospital, in
which the study group consisted of 167 (23.7%) deliveries
complicated by a nuchal cord versus 523 control infants.”®
Single, double, and triple nuchal cords occurred in 21.7%,
1.7%, and 0.3% of the deliveries, respectively. Fetal bra-
dycardia and variable decelerations of the fetal heart rate
occurred significantly more often in the nuchal cord group
(18.6% versus 9.6%). Despite this finding, there were no
significant differences in the incidence of operative deliv-
eries or 1- or 5-minute Apgar scores; however, infants
with nuchal cords weighed significantly less than controls.

Rhoades et al, in a population-based study of 3000 new-
borns with nuchal cords, after exclusion of selected obstetric
complications, noted an increased risk of fetal distress, meco-
nium-stained amniotic fluid, a 5-minute Apgar score <7, and
assisted ventilation for <30 minutes.'> Although hospital
charges were slightly greater than those without, hospital
stays did not differ significantly. These authors concluded
that although certain adverse perinatal outcomes are
increased in infants with nuchal cords at delivery, the absence
of longer hospital stays suggests that the effects of nuchal
cord are likely transient.

Ghosh and Gudmundsson in 2008 utilized color
Doppler imaging on 202 patients with post-term pregnan-
cies and detected 69 patients with nuchal cord. Clinicians
were blinded to the sonographic finding. Nuchal cords
were noted in 69 (34.2%) patients.'®’ There was no sig-
nificant increased risk for 1- and 5-minute Apgar scores
<7, umbilical artery pH <7.1, umbilical vein pH <7.20,
umbilical vein base excess <—11, perinatal death, Cesarean
delivery, or NICU admissions. One (intrapartum) perinatal
death occurred in the group of patients with nuchal cord
(at 42 and 6/7 weeks’ gestation), and was attributed to
asphyxia. Despite the relatively low number of patients in
this study, the authors state that these data suggest that
routine screening for nuchal cord will not improve the
outcome of labor and delivery in post-term pregnancies.

Larson et al in 1995 reported that compared with
a single or no nuchal cord, pregnancies with multiple
entanglement were more likely to exhibit an abnormal
intrapartum fetal heart rate pattern during advanced labor
(P<0.001) and were more likely than controls to require
a low or mid-forceps delivery (P<0.001), and to have
meconium-stained amniotic fluid (P=0.013), a low 1-min-
ute Apgar score (P<0.01), and umbilical artery pH <7.1
(OR= 2.2, P=0.013).'2
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Jauniaux et al in 1995 compared perinatal data of 550
fetuses with nuchal cord at delivery with controls matched
for gestational age, maternal age, and parity, dividing the
study group into fetuses with single versus multiple nuchal
cords. The perinatal mortality rate, arterial pH levels
<7.16, venous pH <7.2, and Apgar scores <7 at 5 and 10
minutes of life were similar in both groups.'®® However,
they noted a significantly higher incidence of 1-minute
Apgar score <7, meconium-stained amniotic fluid, emer-
gency Cesarean delivery, need for neonatal resuscitation.
and admission to NICU in the nuchal cord group com-
pared with controls. Multiple nuchal cords were noted as
the main factor for the higher incidence of these complica-
tions and the only considered etiology for the three cases
of stillbirth in this group, all of whom presented in the
preceding week with decreased fetal movements.

Similarly, a number of publications have suggested less
than optimal outcomes regarding multiple (at least three)
nuchal cords. Schreiber et al, in a retrospective cohort
study of 42,798 women with singleton, vertex vaginal
deliveries between 24 and 43 weeks’ gestation, noted
3809 (8.9%) single nuchal cords, 1035 (2.42%) double
nuchal cords, and 258 (0.6%) with three loops.'®* Nuchal
cord with three loops compared to no nuchal cord was
associated with a higher incidence of intrauterine
fetal death (1.9%), Apgar scores <7 at 1 and 5 minutes
(7.4% and 2.3%, respectively), and a higher rate of opera-
tive vaginal deliveries (17.5%). Nuchal cord with two or
three loops was associated with a higher incidence of fetal
growth restriction (10.2% and 11.6%, respectively).
Notably, in a multiple logistic regression analysis, nuchal
cord with three loops was an independent risk factor for
operative vaginal delivery and Apgar score <7 at 1 minute
of life. A single nuchal cord was not associated with
adverse perinatal outcomes.'®*

Mariya et al in 2018 studied a total of 2156 term
deliveries, and assessed umbilical cord numbers not only
for nuchal cord but also for trunk and limb cord entangle-
ment, classifying cases into three groups: no loop
(n=1458),
(n=104). Umbilical artery pH levels and base excess levels
were significantly “unfavorable” (P=0.002 and P<0.001,
respectively) in entanglement cases, especially in the mul-

single loop (n=594), and multiple loops

tiple loops group.'®® A significantly higher percentage of
neonates in the multiple loops group required oxygen at
delivery (P<0.001).

Schreiber et al in 2019 reported 258 (0.6%) cases with
three loops of nuchal cord, and noted a higher incidence of

stillbirth (1.9%), Apgar scores <7 at 1 and 5 minutes (7.4%
and 2.3%, respectively), and a higher rate of operative vagi-
nal births (7.5%).'*

Onderglu et al in 2008 found that incidences of oligohy-
dramnios, fetal growth restriction, intrapartum anomalies,
and Apgar scores <7 at 1 minute were not significantly
different between cases with versus those without nuchal
cords.'%¢ However, umbilical cord pH (7.32 versus 7.30,
P=0.048), partial pressure of oxygen (37.4+18.1 versus
31.7£14.4, P=0.01), and oxygen saturation (57+2.8 versus
48.3+£20.4, P=0.005) were significantly lower in the nuchal
cord group. Furthermore, the number of 1-minute Apgar
scores <7 was significantly higher in the group with multiple
nuchal cords (31.3% versus 15.6%, P=0.04). These authors
suggested that while the presence of a single nuchal cord may
negatively affect umbilical cord gases without significant
perinatal complications, multiple nuchal cords may increase
the development of intrapartum complications and lower
Apgar scores.'*

Hoh et al in 2012 reported that multiple nuchal cords
(=3) were associated with a higher incidence of intrapar-
tum non-reassuring fetal heart rate, meconium-stained
fluid, NICU
Cesarean delivery.®

amniotic admission, and emergency

Sepulveda in 2019 reported 10 singleton fetuses with
triple nuchal cord after 24 weeks’ gestation (a prevalence
of 1 in 506, or 0.2%).'°” Four cases detected after 36
weeks’ gestation were delivered by Cesarean and the pre-
sence of the triple nuchal cord was confirmed at delivery.
Cases diagnosed at <36 weeks’ gestation were followed
expectantly, and in 83% of these cases the nuchal cord
reduced by at least one loop. Overall, 8/10 cases were
delivered by Cesarean and in only two of these deliveries
was the sole indication the presence of the triple nuchal

cord.

Neurodevelopmental Performance at |

Year

Clapp et al studied the neurodevelopmental status of 190
infants of women with clinically normal antenatal courses,
within 1 month of their first birthday. Infants were grouped
according to the presence of a “symptomatic” nuchal cord
during labor (abnormal fetal heart rate patterns or
meconium).'®® A symptomatic nuchal cord was noted in
24% of the 190 cases. At 1 year of age, scores on the
Bayley Scales of Infant Development were slightly but
significantly (P<0.1) lower in the infants delivered with
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asymptomatic nuchal cord. The mental index was 116+9
versus 12047 and the psychomotor index was 101£11
versus 107+£9. These cases were accentuated (P=0.9)
when the symptomatic cases complicated by extreme
tightness, multiple loops, or antenatal detection were com-
pared to symptomatic cases without these additional com-
plications (overall index 110+8 versus 105+10). There
were no between-group differences in multiple potential
confounding obstetric or demographic variables. These
data were considered to suggest that symptomatic nuchal
cord(s) at delivery may be associated with a subclinical
deficit in neurodevelopmental performance at 1 year of

age. 18

Cerebral Palsy
Cerebral palsy is the most common neuromotor develop-
mental disability in childhood, affecting approximately
2-3/1000 Cerebral

a heterogeneous condition with various clinical types, co-

liveborn  children. palsy s
morbidities, central nervous system imaging patterns, and
underlying genetic variants.'” Few cases of cerebral palsy
are solely a result of birth-related severe hypoxia or ische-
mia. The prevalence of cerebral palsy has remained con-
stant despite widespread application of intrapartum fetal
heart rate monitoring, increasing Cesarean delivery rates,
and overall enhanced neonatal care.

Nelson and Grether in 1998 examined the association
of cerebral palsy with conditions that can interrupt oxygen
supply to the fetus as a potential primary event.''* In this
research, a population-based case—control study was per-
formed in four Californian counties (between 1983 and
1985) comparing birth records of 46 children with spastic
cerebral palsy without recognized brain lesions and 378
randomly selected control children weighing >2500 grams
at birth and surviving to 3 years of age. Eight of the 46
children had otherwise unexplained spastic cerebral palsy,
and 15 of the 378 births had births complicated by tight
nuchal cords (OR for quadriplegia=18, 95% CI 6.2—48).
Other potentially asphyxiating conditions were uncom-
mon, and were associated with spastic diplegia or hemi-
plegia. Level of care, oxytocin for augmentation, and
surgical delivery did not alter the association of potentially
with
Intrapartum abnormalities were common in both children

asphyxiating  conditions spastic  quadriplegia.
with cerebral palsy and controls, and did not distinguish
between them These authors concluded that potentially

asphyxiating conditions, chiefly tight nuchal cord, were

associated with a considerable proportion of unexplained
spastic quadriplegia but not with diplegia or hemiplegia.''’

Nielsen et al in 2008, in a case—control study assessing
271 singletons with spastic cerebral palsy and 217 singleton
controls matched by gestational age group, investigated the
association of asphyxia-related conditions (reduced blood
flow or blood oxygen levels in the fetus) with spastic cerebral
palsy, considering different age groups and the timing of
risk.'!!

accounted for the majority of asphyxia conditions. In multi-

Placental and umbilical cord complications
variate analysis, placental infarction was significantly asso-
ciated with a four-fold increased risk of spastic quadriplegia
and nuchal cord was significantly associated with a three-fold
increased risk for spastic cerebral palsy overall. The combi-
nation with small for gestational age bestowed an especially
increased high risk for spastic quadriplegia. Placental and
umbilical cord complications were present in 21% of cases
and 12% of controls.'"!

Greenwood and Impey in 2002 attempted to determine
whether the association of cerebral palsy with nuchal cord
is the result of recording bias.''? These authors studied 68
cases of cerebral palsy and 157 controls (consisting of
singleton infants delivered at term, matched for gesta-
tional age and hospital of birth). Cerebral palsy was asso-
ciated with tight nuchal cord (OR=2.8, 95% CI 1.1-6.8).
Where nuchal cord was recorded at the discretion of the
obstetrician (37 cases, 97 controls), there was an associa-
tion between tight nuchal cord and cerebral palsy
(OR=5.4, 95% CI 1.4-20.4), and in controls only,
betweenApgar score <7 at 1 minute (OR=16.9, 95% CI
1.4-456.3). In the hospital where records included a check
box for nuchal cord (31 cases, 60 controls), an association
between cerebral palsy and nuchal cord could not be
demonstrated (OR=1.4, 95% CI 0.4-4.9). Similarly,
there was no apparent association between nuchal cord
and Apgar score <7 at 1 minute (OR=2.6, 95% CI 0.4
—15.9) in controls. The authors therefore concluded that
the presence of nuchal cord is subject to recording bias,
which in retrospective studies may lead to an association
of cerebral palsy with nuchal cord that may not be evident
with systematic documentation.''?

Gutvirtz et al in 2019 similarly evaluated the incidence
of cerebral palsy in children born with and without nuchal
cord."" These authors conducted a population-based cohort
analysis including all singleton deliveries during >20 years
at a single tertiary medical center. The incidence of cerebral
palsy in children up to 18 years of age was evaluated. During
the study period, 243,682 singleton deliveries met the

submit your manuscript

626

Dove

International Journal of Women’s Health 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Sherer et al

inclusion criteria. Of these, 14.1% (n=34,332) were diag-
nosed with nuchal cord at birth. Rates of cerebral palsy were
comparable between the groups (0.1% versus 0.1%,
OR=1.03, 95% CI 0.69-1.52, P=0.89).
Meier survival curves demonstrated no significant differ-

Kaplan—

ences in cumulative incidences of cerebral palsy for children
born with and those without nuchal cord (log rank P=0.92).
A Cox proportional hazards model controlled for preterm
delivery, maternal age, diabetes, and hypertensive disorders
showed no association between nuchal cord and cerebral
palsy (adjusted HR=1.06, 95% CI 0.71-1.57, P=0.77).'"?
With these conflicting data, the possible association
between the presence of nuchal cord(s) at delivery and sub-
sequent cerebral palsy remains unclear. It should be noted
that all of the above studies were retrospective analyses and
suffer the inherent weaknesses of such study design. In
addition, none of these studies (including the last, larger
study of 34,332 singleton infants with nuchal cords) refer
to multiple nuchal cords, which clearly may incur increased
risks of adverse neonatal outcome, including but not limited
to cerebral palsy. Prospective studies, which include this
possibly important (and clearly designated) clinical para-
meter, are needed to clarify this possible (causal) association.

Unusual Adverse Neonatal
Outcomes Associated with Nuchal
Cord(s)

Dural Sinus Dilatation/Ectasia

Rare, yet severe neonatal complications have been reported in
association with nuchal cords. Katz et al reported “ectasia” of
the dural sinuses in an asphyxiated neonate delivered with
three tight nuchal cords. Dilated dural sinuses included the
superior sagittal sinus, torcular Herophili, vein of Galen, and
straight sinus, and were thought to have resulted from pro-
longed jugular venous distention created by the multiple tight
nuchal cords.'* The infant subsequently developed multisys-
tem failure and succumbed on the third day of life. Symmetric
periventricular hyperechogenicity was considered a result of
hypoxic or ischemic injury. These authors suggested that upon
notcing nuchal cords, the status of the dural sinuses should be
assessed. They also recommended that dural sinus ectasia in
the presence of nuchal cords may suggest a chronic condition
and delivery should be considered.''* Aziz and Strizke
reported a similar case in which an asphyxiated infant (umbi-
lical artery pH=6.93), delivered with a tight double nuchal
cord, was shown by magnetic resonance imaging to have
a large transient dural sinus dilatation.''> The neonate received

positive pressure ventilation with 100% oxygen, inhaled nitric
oxide, and hypothermia for neuroprotection. Follow-up ima-
ging confirmed the absence of intracranial vascular malforma-
tions and normalization of the dilated sinus within 2 weeks of
life. Similarly, these authors attributed the marked dural sinus
dilatation to intracerebral vascular stasis due to the tight nuchal
cord."”® Our prospective study of 105 fetuses with nuchal
cords (with gestational age-matched controls) did not show
increased intracranial vascular resistance of fetuses with
nuchal cord in the third trimester of pregnancy.’® In contrast,
the above two reports of dural sinus dilatation in newborns
with multiple loops of nuchal cords followed deliveries com-
plicated by the notation of “tight” nuchal cords at delivery.
Butenandt et al describe eight children who manifested pan-
hypopituitarism, severe growth hormone deficiency, or neuro-
secretory dysfunction for growth hormone, who all had
a common background of umbilical cord encirclement.''®
Notwithstanding that the etiology of the endocrinopathy
could have been primary malformation of the pituitary gland,
apoplexy of the pituitary, or hypothalamic dysfunction, these
authors speculated that the last of these is predominant in cases
of umbilical cord entanglement."'®

In contrast to the above severe intracranial manifestations
possibly associated with nuchal cords(s) at delivery,
a prospective study of a set of 115 patients with well-
established dates and singleton, appropriate for gestational
age, non-anomalous fetuses between 28 and 41 weeks’ gesta-
tion, and nuchal cord(s) (103 fetuses with a single loop and 12
with a double nuchal cord) in comparison with gestational age-
matched controls, showed no significant differences in gesta-
tional age at delivery, incidence of meconium-stained amniotic
fluid, birth weight, mode of delivery, neonatal gender, 1- and
5-minute Apgar scores, umbilical artery pH, and base excess
levels. This study, which included Doppler velocimetry of the
fetal middle cerebral artery, demonstrated that prenatal cerebral
vascular resistance is unaffected by the presence of nuchal
cord(s).”®

Summary

Prenatal sonographic diagnosis of nuchal cord(s) is currently
readily available with real-time, color, and power Doppler,
and three-dimensional technology. Nuchal cord(s) represent
a dynamic condition in utero, and may form or alternatively
undergo spontaneous resolution at times within days, if not
hours. Therefore, 100% prenatal sensitivity and specificity
values in prenatal sonographic diagnosis of nuchal cord(s) at
delivery are neither expected nor attainable. Nevertheless,
current (acceptable) sensitivity rates continue to increase.
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Given the previously described abundant protective
mechanisms of the extracorporeal component of the fetal
cardiovascular system, the umbilical vessels are exception-
ally protected from potential compressive and/or shearing
forces. It is not surprising, therefore, that the vast majority
of fetuses with nuchal cord(s) are not at increased risk of
adverse perinatal outcome prior to or during labor. This
notwithstanding, emerging data suggest that multiple loops
of nuchal cord (>3), especially in the presence of com-
pounding factors, mainly consisting of compromised
inherent protective mechanisms of the umbilical cord vas-
culature, or in the presence of a placental insufficiency-
associated fetal growth restriction, or coexisting true knot
of the umbilical cord, the risk for stillbirth or compromised
neonatal status at delivery appears likely to be increased.
Assuming that all labors are conducted with continuous
electronic fetal monitoring, no clinical advantage has been
proven regarding intrapartum depiction of nuchal cord(s),
as any potential compromise of the umbilical cord will
manifest primarily with fetal heart rate changes and, if
warranted, actions will be taken secondary to these
changes even in the absence of imaging depiction of the
presence of nuchal cord(s). Thus, if any clinical advan-
tages are to be attributed to prenatal diagnosis of nuchal
cord(s), these would entail increased antepartum fetal sur-
veillance to decrease potential stillbirth in selected cases.
In our assessment, third-trimester prenatal sonographic
diagnosis of nuchal cord(s) should be documented,
reported, and discussed with the patient. Although there
is currently a clear absence of prospective (randomized)
data, we believe that prenatal sonographic diagnosis of
multiple loops of nuchal cord (>3) should lead to antepar-
tum testing for fetal well-being. Potential confounding
factors associated with an increased risk for adverse out-
come should always be sought, and in their presence,
increased fetal surveillance may be warranted even in the
case of a single nuchal cord. Simply negating the potential
clinical benefit of prenatal diagnosis of nuchal cord(s),
given the usual uneventful outcomes associated with this
condition at delivery, in our belief represents a likely
unethical, scientifically incorrect oversimplification.
Close prenatal fetal surveillance appears to be indicated
in selected cases, and consideration should be given to
delivery if and when indicated.
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