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Abstract

Aim: To evaluate if there is a significant difference on
the modified myocardial performance index (Mod-MPI)
in cases of umbilical cord loops around the fetal neck (nu-
chal cord).

Methods: This was a cross-sectional study that included
60 healthy pregnancies between 28 to 35 weeks’ gesta-
tion with a loop of cord around the neck (group A) and
another 60 controls (group B). They were all undergoing
ultrasound examination in a private clinic in Egypt from
January 2021 till March 2022. Loops of cord around the
neck were identified by grey scale and color Doppler. The
Mod-MPI was used to assess fetal myocardial function
using the Hernandez-Andrad et al. technique and the val-
ue was calculated according to Tei et al.

Results: There was no statistically significant difference
between the age, BMI, nor the gestational age between
both groups. However, there was a statistically significant
difference regarding gravidity and parity between both
groups with mean gravidity 2.13 +/- 1.41 and mean parity
0.87 +/- 1.10 for group A and mean gravidity 2.89 +/- 1.94
mean parity 1.44 +/- 1.42 (p=0.038 and 0.031) respective-
ly. Finally, there was a statistically significant increase in
the mean and standard deviation of the Mod MPI between
Group A and B; 0.427 and 0.406 respectively. (p= 0.014)

Conclusion: We hope this study could provide valuable
information for a comprehensive and objective evaluation
of the effects nuchal cord on fetal wellbeing as well as
guide intervention and provide new ways to reduce peri-
natal morbidity and mortality. We consider this a pilot
and study and further studies with a larger sample size
and follow up till delivery are required to be able to draw
clearer and more solid conclusion.

Key words: Nuchal cord, Mod-MPI , fetal myocardial
function.
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Introduction

Umbilical cord around the fetal neck in not
uncommon occurring in up to 25% of fetuses.
Most cases have no consequences and are
just incidental findings. Occasionally, it may
form cord knots or tight cord around the neck.
In such cases intrauterine growth retardation
or oligohydramnious or diminished fetal
kicks and rarely intrauterine fetal demise
may occur. Such effects occur as a result
hemodynamic affection when a tight cord
is present (1), where variable degrees of
compression of the umbilical vein ends in
hypoxia and acidosis. (2) Presence of two
or more cord loops around the neck during
labor could alter the mode of the delivery
as well as the early neonatal outcome. (3)
Many fetuses delivered with a tightened
cord present around the neck show petechiae
on the face and retinal or conjunctival
hemorrhage. In other cases, there is severe
respiratory distress, hypotonia, and urgent
need for resuscitation. (4) There are several
risk factors for occurrence of nuchal cord; it
was generally noticed with multiparity and
increased maternal age, and male fetuses.
Additionally, it was observed with increased
fetal movements and polyhydamnious or
increased liquor (3).

For over twenty years, the primary tool
to assess fetal cardiac function was fetal
echocardiography. It is a non-invasive
modality assessing cardiac anatomy as
well as hemodynamics. Two-dimensional
imaging, M-mode, and pulsed wave Doppler
are utilized used in fetuses as well as animal
models to assess both systolic and diastolic
functions all through gestation (5-8).

Tei and colleagues first described the
myocardial performance index (MPI) aiming
to assess and evaluate cardiac functions of
adults having dilated cardiomyopathy. This
non-invasive index is a Doppler-derived
modality and has been reported as a useful
index of global cardiac function. This MPI
was calculated by adding the isovolumetric

relaxation time (IRT) and isovolumetric
contraction time (ICT) and dividing the sum
by ejection time (ET) {(IRT + ICT)/ET} (9).
Later this index (MPI) was used to assess the
global myocardial function of the fetus by
Tsutsumi and colleagues. (8) However, there
was a noticeable variation in the reference
values. This was mainly as a result of absence
of clear identifiable landmarks in the obtained
Doppler waves used to measure these specific
time intervals. As a result, the modified
myocardial performance index (Mod-MPI)
was devised by Hernandez-Andrade and
colleagues and used the Doppler echoes of
the aortic valve (AV) and the mitral valve
(MV) clicks. This lead to lesser variation
in addition to better inter as well as intra-
observer reproducibility when compared to
the standard MPI. (10) Several conditions
as intrauterine growth retardation (8,11-
13), gestational or pregestational diabetes
(14-18), twin to twin transfusion syndrome
(TTTS) (19-22), congenital heart defects (23-
26), and preeclampsia (27) demonstrated the
value of the MPI and its recent modification
to assess cardiac performance and function.
Additionally, some authors recently
estimated nomograms for the Mod MPI in
second and third trimester (0.408 + 0.08).
They demonstrated that the Mod MPI was
not changed by the mother’s age, parity, or
body mass index (BMI) (28)

Putting this into perspective we aimed in this
study to assess the myocardial function by
measuring the Mod- MPI in the presence of
one loop of umbilical cord around the fetal
neck and to compare it to fetuses with no
nuchal cord.

Methods

This cross-sectional study was performed in
a private clinic. The study group (A) included
of 60 healthy pregnant women with a single
fetus between 28 and 35 weeks of gestation
with a loop of cord around the fetal neck.
The control group (B) similarly included 60
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healthy pregnant women between 28 and 35
weeks of gestation but did not have any loops
around the neck at the time of measurements
of the Mod MPI. The study started from
January 2021 till March 2022. We excluded
fetuses with anomalies, JTUGR, SGA and
mothers with any known medical disorders
whether pregnancy related (eg preeclampsia)
or not.

Following recruitment all patients provided a
written consent after a thorough explanation
of the study protocol. We recorded maternal
demographic characteristics, medical and
obstetric history.

The ultrasound examinations were carried out
by one sonographer (S.E) who had enough
experience in fetal US. All measurements
were double checked, and an average was
obtained. Pregnancy dating was accurately
estimated by fetal crown— rump length at the
11th + 0 to 13th + 6 weeks’ gestation if no
accurate dates were obtained. All pregnant
ladies had a detailed anomaly scan that
included fetal echocardiograph. The scans
were conducted trans-abdominally using 2
Machines, GE Voluson P8 and GE Voluson
E8 (General Electric, Chicago, IL, USA).

Any loops of the umbilical cord around
the neck were detected both by grey scale
and color Doppler ultrasonography. These
patients were assigned to group A. Patients
with no loops around the neck were assigned
as group B. we examined the loops of cord in
the longitudinal view of the fetus (figure 1-2)
and in the transverse view of the fetal neck.
The latter was found to be more accurate
than longitudinal view (figure 3-5)

We followed the Giacomello classification
system for cord around neck (29-30):

* type A: a nuchal loop that encircles the
neck in a freely sliding pattern, where the
placental end crosses over the umbilical
end; this pattern can undo itself

* type B: a nuchal loop that encircles
the neck in a locked pattern, where the
placental end crosses under the umbilical
end; this pattern locks and cannot undo
itself with potential for fetal morbidity or
mortality.

It was difficult to differentiate between these
two classifications in our study and not all
patients were classified.

We the calculated the Mod MPI for all
fetuses. We used the technique devised
by Hernandez-Andrad et al. as shown in
figure 6 (10). The measurements were done
in the absence of any fetal movements nor
respiratory movements and the mother
voluntarily suspended her breathing. The
velocity of the Doppler sweep was the
highest velocity available (15 cm/s) for clear
and accurate identification of the components
of the Doppler tracing. Additionally, the
E/A waveform was always displayed as
positive flow. The angle of insonation was
maintained below 30 degrees and the thermal
and mechanical indices did not exceed 1. A
cross-sectional cut of the fetal thorax was
obtained in the four-chamber view and an
apical projection (anterior or posterior) of the
heart was obtained as shown in figure 7 and
8. The Doppler sample volume was put on
the lateral wall of the ascending aorta, below
the aortic valve and just above the mitral
valve. The Doppler trace showed a clear echo
corresponding to the opening and closure of
the two valves at the beginning and at the
end of the E/A (mitral valve) and AF (aortic
valve) waveforms. The time periods were
then estimated according to : the ICT was
estimated from the closure of the MV, to the
opening of the AV, the ET from the opening
to the closure of the AV, and the IRT from the
closure of the AV to the opening of the MV
(figures 6-7-8). The result for the Mod-MPI
was calculated as: (ICT + IRT)/ET (9)
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logps @round neck

Fig 1: (Longitudinal view) A Sagittal view

of the fetus with loops of cord seen below

the fetal chin using gray scale image. Fig. 4: (Transverse view) Cut-section in the

fetal neck with loop of cord seen around the
fetal neck using colour Doppler.

Fig 2: (Longitudinal view) A parasagittal
view of the fetus with loops of cord seen
below the fetal chin using gray scale image.

Fig. 5: (Transverse view) Cut-section in the
fetal neck with loop of cord seen around the
fetal neck using colour Doppler

Fig 3: (Transverse view) Cut-section in the
fetal neck with loop of cord seen around the
fetal neck using a gray scale image.
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Fig 6: Doppler envelope of the modified
myocardial performance index (Mod-
MPI). The sample volume is located over
the lateral wall of the aorta, close to the
mitral valve. References for the time-period
estimations are based on the echoes from the
mitral and aortic valve movements. The E/A
waveform is always displayed as positive
flow. ET, ejection time; ICT, isovolumetric
contraction time; IRT, isovolumetric
relaxation time. (10)
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Fig 7: An example of a case with a
fetal heart apical view directed upward
and obtained a modified myocardial

performance index.
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Fig 8: : An example of a case with a fetal
heart apical view directed downwards
and obtained a modified myocardial
performance index.

Statistical analysis

Statistical analysis was performed using
SPSS (Statistical package for the social
sciences- IBM® SPSS® Statistics Version
20 for Windows, IBM Corp., Armonk, NY,
USA). Data was represented as mean =+
standard deviation. Data was explored for
normality using Kolmogorov-Smirnov and
Shapiro-Wilk tests. Data were non-normally
distributed and Mann-Whitney U test was
used to compare variables between the
two groups. The results were considered
statistically significant if the p value was less
than 0.05.

Results

We approached 312 patients and collected the
data of the first 60 who did not have a nuchal
cord as controls (group B). Meanwhile any
patient who had a loop of cord around the
neck was allocated to group A. All other
patients who did not have a nuchal cord after
the control group was fulfilled were excluded.
In our cohort the nuchal cord was identified
in 19.1% of patients (60/312).

The mean age was the same across both
groups being 29.9 years +/- 5.33 in group A
and was 30.0 years +/- 5.72 in group B (p=
0.83). Similarly, the BMI and the gestational
age at the time of the examination showed no
statistically significant difference between
both groups; group A mean BMI26.8 +/-2.85
and gestational age (GA) 31.4 +/- 1.93 while
for group B mean BMI 27.5 +/- 3.47 and GA
31.1 +/- 2.16 (p=0.39 and 0.38) respectively.
However, there was a statistically significant
difference regarding gravidity and parity
between both groups with mean gravidity
2.13 +/- 1.41 and mean parity 0.87 +/- 1.10
for group A and mean gravidity 2.89 +/-
1.94 mean parity 1.44 +/- 1.42 (p=0.038 and
0.031) respectively. Demographic data are
represented in table 1.
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Table 1: Demographic data of our study and control groups

Group A Group B P value
Age (mean and SD) 29.9 +/-5.33 30.0 +/-5.72 0.83
BMI (mean and SD) 26.8 +/-2.85 27.5 +/-3.47 0.39
GA (mean and SD) 31.4+/-1.93 31.1 +/-2.16 0.38
Gravidity (mean and SD) 2.13 +/- 1.41 2.89 +/- 1.94 0.038
Parity (mean and SD) 0.87 +/- 1.10 1.44 +/- 1.42 0.031

As for the Mod MPI there was a statistically significant increase in the mean and standard
deviation between Group A and B 0.406 and 0.427 respectively (p= 0.014) as shown in fig-

ure 9.

Mod MPI

0.43
0.425
0.42
0.415
0.41
0.405
0.4

0.395

Group A Gropy B

Mod MPI

Figure 9: shows a significantly higher Mod
MPI in Group A than Group B (P=0.014)

Discussion

While most nuchal cords have no or
minimal adverse outcomes, some reports
demonstrated poor outcomes which might
be correlated with the number of cord loops
around the fetal neck as well as the tightness
of these loops. (4) In this study we aimed at
utilizing the Mod MPI as a predictive tool
for fetal hemodynamic changes which might
be associated with significant undesirable
consequences. We considered this a pilot
study just to check if there would be a
change in the Mod MPI when nuchal cords
are present not knowing whether this will
influence the neonatal outcome or not.

In our study we found that nuchal cords were
common in women with lower parity rather
than higher parities. This is contrary to what
a recent study showed in 2021 were women
of higher parity had more frequent loops of
cord around the neck. (3) This team studied
250 patients and found that only 50 patients

20% were nullipara and the remaining 80%
(200 patients) were multipara. We assume
such a difference in to be related to sample
size and GA at detection as they had a mean
GA of 38.24 +/- 1.2 which is higher than
our cohort’s GA. However, we agree with
their detection rate of nuchal cord, 18.8%
vs 19.1% in our study. We also agreed with
authors from other countries who have
demonstrated similar incidence of nuchal
cord 65 out of 350 or 18.6% (31) and 100
out of 506 or 19.8% (32). Other reports have
shown an incidence of up to 25% (1).

We have found no correlation for the presence
of a nuchal cord with the age of the patient,
BMI or GA at the time of examination. This
agrees with most other authors (3, 31,32)
who also found no relation with these
demographic parameters.

To date, there are only a few studies
describing cardiac parameters of fetuses with
loops of cord around neck. A former study
suggested that the incidence of IUFD caused
by nuchal cord is higher than without a nuchal
cord. (33) Therefore, prompt, and correct
assessment of the fetal hemodynamics and
cardiac functions cannot be ignored in those
fetuses. In 2012 Zuo and colleague utilized
“velocity vector imaging” (VVI) to detect
myocardial strain in such fetuses. They
studied 35 patients and concluded that (VVI)
might respond to changes in cardiac function
in such fetuses. (1) However, (VVI) is a very
demanding 2-dimensional image, that needs
clear image acquisition to clearly identify
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endocardial borders, in addition to a small
fetal heart volume and shadowing from the
ribs and spines. (34,35)

In 2020, Seif et al., made a gestational age-
based reference for the Mod MPI in the
Egyptian population working on 1021 fetuses.
(28) We agreed with their reference ranges
whether in patients with or without nuchal
cords. Other authors, however, reported a
wider variation of reference ranges which
might be attributed to different sample sizes
and a wider range of gestational ages. (34)

In our study we have detected that the Mod
MPI significantly increased in fetuses with a
nuchal cord. Additionally, it was previously
reported that it increased under different
pathological conditions, as when there is
an increase in the afterload due to increased
placental resistance. (36) Our results also
agree with Api etal., who detected an increase
in the Mod MPI in fetuses of preeclamptic
mothers. (37)

By this we can assume that Mod MPI
increase might be a marker for cardiac strain
in such fetuses. Whether this will affect the
outcome or not is not known yet and this is
a main limitation of the study as we did not
follow up these fetuses. Other limitations
include small sample size and imperfect
classification of the nuchal cord in all the
patients. However, we consider our strength
to be proper assessment of this index by an
experienced sonographer.

We hope this study could provide valuable
information for a comprehensive and
objective evaluation of the effects of nuchal
cord on fetuses, as well as guide interventions
and provide new ways to reduce perinatal
morbidity and mortality. We consider this
a pilot and study and further studies with a
larger sample size and more follow up are
required to be able to draw clearer and more
solid conclusion.

Conflicts of interest: The authors
nothing to declare.
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