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Abstract

Objectives: To explore whether severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) can affect umbilical
vein blood flow (UVBF) and fetal cardiac function.
Methods: Prospective case-control study of consecutive
pregnancies complicated by SARS-CoV-2 infection during
the second half of pregnancy matched with unaffected
women. Measurements of UVBF normalized for fetal
abdominal circumference (UVBF/AC), atrial area (AA) and
ventricular sphericity indices (SI) were compared between
the two study groups. Chi-square and Mann-Whitney U
tests were sued to analyze the data.

Results: Fifty-four consecutive pregnancies complicated
and 108 not complicated by SARS-CoV-2 infection were
included. The median gestational age at infection was 30.2
(interquartile range [IQR] 26.2 34.1). General baseline and
pregnancy characteristics were similar between pregnant
women with compared to those without SARS-CoV-2 infec-
tion. There was no difference in UVBF/AC (study groups z
value —0.11 vs. 0.14 control p 0.751) values between preg-
nancies complicated compared to those not complicated by
SARS-CoV-2 infection. Likewise, there was no difference in
the left and right AA (left 1.30 vs. 1.28 p=0.221 and right 1.33
vs. 1.31 p=0.324) and SI (left 1.75 vs. 1.77 p=0.208 and right
1.51 vs. 1.54 p=0.121) between the two groups.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection is still the biggest universal health hazard
since the starting of pandemic in 2020, with increasing re-
ports of new infection requiring hospitalization, admission
to Intensive Care Unit (ICU) and deaths [1].

It has been evidences by systematic reviews and
observational studies that pregnancy is an independent
risk factor for major complications [2-5]. Indeed pregnant
women with SARS-CoV-2 infection show a higher risk of
severe respiratory symptoms, need for assisted ventilation
and admission to ICU when compared to a non-pregnant
population [4, 5]. Furthermore, a large proportion of
pregnancies complicated by SARS-CoV-2 infection pre-
sents placental histopathological abnormalities including
hypoperfusion and inflammation, suggesting a potential
connection between infection and complications related to
impaired placental function [6-10].

Impaired placental function is associated with a
reduction of umbilical vein blood flow (UVBF) since the
early stages of pregnancy which leads to changes in fetal
cardiac function and morphometry, the so called cardiac
remodeling [11-15]. SARS-CoV-2 infection also represents
an additional factor for acute cardiovascular disease and
altered myocardial function in adults, including acute
heart failure, cardiogenic shock, ventricular dysfunction,
wall motion abnormalities, global ventricular dysfunction
and grade II or III diastolic dysfunction [16, 17]. Despite this
association, there is no study exploring the effect of
SARS-CoV-2 infection on fetal cardiac function.

We hypothesized that SARS-CoV-2 infection may have
a direct or non-direct effect on placental and fetal cardiac
function.

The primary aim of this study was to compare the UVBF
in pregnancies complicated and in those not complicated


https://doi.org/10.1515/jpm-2021-0657
mailto:giuseppe.rizzo@uniroma2.it
https://orcid.org/0000-0002-5525-4353
https://orcid.org/0000-0002-5525-4353

DE GRUYTER

by SARS-CoV-2 infection. The secondary aim was to eluci-
date whether SARS-CoV-2 infection affects fetal cardiac
function.

Materials and methods
Study population

This is a secondary analysis of a prospective case-control study
SARS-CoV-2 infection in pregnancy [18] including consecutive
singleton pregnancies complicated by infection early in gestation
receiving antenatal care at the Department of Obstetrics and Gyne-
cology Universita di Roma Tor Vergata, Italy from September 2020 to
March 2021. Inclusion criteria were 1) gestational age confirmed by
crown-rump length at the 11-14 weeks scan, 2) confirmed SARS-CoV-2
infection during pregnancy and 3) delivery in our unit. Pregnancies
complicated by fetal structural or chromosomal anomalies, maternal
smoking or medical complications potentially affecting fetal hemo-
dynamic (i.e., diabetes, chronic hypertension and autoimmune dis-
eases) were excluded from the analysis. This cohort was compared to a
control group of pregnancies unexposed to SARS-CoV-2 followed in
our department in the same time interval. The control group had the
same exclusion criteria of the study group and was matched with the
latter as regard as the main maternal and pregnancy characteristics
with a 1:2 ratio. The study was approved by Institutional Review Board
of our institution (#0st4-2020 30/July 2020) and informed consent was
obtained by all the included women.

SARS-CoV-2 infection was confirmed by the presence of positive
real-time polymerase-chain reaction (RT-PCR) result obtained by
nasopharyngeal swab specimens during pregnancy. All women with
confirmed SARS-CoV-2 infection experienced mild symptoms (fever,
cough, sore throat, loss of smell and taste, diarrhea) and none required
hospitalization.

Ultrasound assessment

Recordings were performed using a Samsung W80 or Hera W10 ul-
trasound equipment with a 1-8 MHz volumetric probe. Doppler ve-
locity waveforms and UV diameter were measured at the intra-
abdominal straight portion of the vessel following a previously re-
ported technique [11, 15]. Doppler velocity waveforms were recorded
for at least 10 s of uniform flow in periods of fetal quiescence with an
angle of insonation as close as possible to 0° and always below 20°. On
the freezed images the time-averaged maximum velocity (TAMXV) was
measured.

To measure UV diameter, the vessel was visualized by inso-
nating perpendicularly its intra-abdominal portion. The internal
diameter was then measured using the function of the ultrasound
equipment designed for the semi-automated assessment of nuchal
translucency. As described previously [15], the box for the mea-
surement was placed on all the length of the UV and the inner—inner
diameter obtained. UVBF (mL/min) was calculated as m* (UV
diameter/2)** 0.5 * TAMXV. In order to control the effect of fetal
size, UVBF was expressed as a ratio with abdominal circumference
(AC) expressed in mm (UVBF/AC). AC was selected as biometric
parameter since it better reflects fetal growth and is less prone to
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inherent errors such as those present in the formulas estimating
fetal weight [15].

Fetal echocardiography included a comprehensive anatomical
study and a functional evaluation. Based on previous experience we
selected among functional indices the areas of the atria and the
sphericity index (SI) of both ventricles [11, 17].

Cardiac measurements were obtained from two-dimensional
images of the four-chamber view with an angle between 45° and 90°
between the interventricular septum and to the ultrasound beam
following a previously reported technique [12] Images were then
optimized to strengthen the borders echogenicty of cardiac walls and
then the optimized cine clips were stored. Left and right atrial areas
(AA) were taken at maximum point of atrial distension while ven-
tricular base-to-apex lengths and basal diameters at end diastole. Left
and right ventricular SI were then calculated as base-to-apex length
divided by basal diameter.

Data analysis

Since Doppler and cardiac indices change with gestational age, data
were expressed as the number of standard deviations (z value) by
which they diverge from the expected mean difference obtained from
previously constructed reference limits [12, 15, 17, 18].

A sample size analysis was performed to evaluate the sample size
necessary. Given a significance of 0.05 and power of —0.80 a sample
size of 50 in the study group and 100 in the control group resulted
necessary to demonstrate differences of 0.5 z-scores in the variables
considered.

The Shapiro Wilk normality test was used to evaluate the distri-
bution of data. Categorical variables were presented as numbers
(n) and percentages (%) and analyzed using Chi-square test, while
continuous variables as median and interquartile range (IQR) and
analyzed using Mann-Whitney U test.

Data were analyzed using SPSS (version 23.0 IBM Corp. Armonk.
NY. USA) and MedCalc Statistical softwares (version 14.8 MedCalc
Software bvba, Ostend, Belgium). A two-tailed p-values lower than
0.05 were considered as statistically significant.

Results

Fifty-four consecutive pregnancies complicated and 108
not complicated by SARS-CoV-2 infection were included in
the analysis. Median gestational age at SARS-CoV-2 infec-
tion was 30.2 weeks (IQR 28.7-32.4) and all women were
asymptomatic with negative RT-PCR swabs at the time of
the 36 weeks scan. General baseline and pregnancy char-
acteristics were similar between pregnant women with
compared to those without COVID-19 infection (Table 1).
Despite a tendency to lower UVBF/AC in women who
experienced COVID-19 infection the difference did not
achieve statistical significance (study groups z value —-0.11
vs. 0.14 control p=0.07) values (Figure 1). Likewise, there
was no difference in the left and right AA (left 1.30 vs. 1.28
p=0.221 and right 1.33 vs. 1.31 p=0324) and SI (left 1.75 vs.
1.77 p=0.208 and right 1.51 vs. 1.54 p=0.121) (Table 2).
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Table 1: General characteristics of study population stratified ac-
cording to the exposure to SARS-CoV-2.

Characteristics

Pregnancies
complicated by
SARS-CoV-2
infection (n=54)

Pregnancies not
complicated by
SARS-CoV-2
infection (n=108)

Value

Maternal age, years
Maternal height, cm
BMI, kg/m?
Ethnicity, n (%)
Caucasian
Other
Nulliparous, n (%)
Assisted conception,
n (%)
Gestational age at US
examination, weeks
Gestational age at
COVID-19 infection,
weeks
Gestational age at
delivery, weeks
Birthweight, g

Male, n (%)

30.7 (29.4-32.3)
162 (157-164)
25.9 (24.3-29.1)

51 (94.4%)

5 (5.6%)

36 (66.6%)
3(6.1%)

36.5 (35.3-37.0)

30.2 (26.2 34.1)

39.4(38.0-40.9)

3,350
(2,810-3,580)
26 (48.1%)

30.5 (28.1-32.1)
161 (158-165)
26.2 (24.1-29.2)

103 (95.4%)
5 (4.6%)

74 (68.5%)
5(5.1%)

36.6 (35.5-36.9)

39.9 (38.1-40.7)

3,410
(2,940-3,790)
55 (50.9%)

0.624
0.813
0.345
0.455

0.952
0.797

0.224

0.377

0.816

Data are expressed as median and IQR or n and %. IQR, interquartile
range; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

0.4

0.3

0.2

0.1
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o

SARS Cov-2 Control

Figure 1: Box-Whisker plots of umbilical vein blood flow/abdominal
circumference (UVBF/AC) in fetuses of mothers affected by severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and in

control fetuses.
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Table 2: Comparison of biometric and Doppler indices between the
two groups obtained at the time of the two ultrasonographic

examination.
Characteristics Pregnancies Pregnancies not p-
complicated by complicated by Value
SARS-CoV-2 SARS-CoV-2
infection (n=54) infection (n=108)
UVBF/AC z value -0.07 (-0.63-0.56) 0.18 (-0.34-0.76) 0.229
RA area z value —-0.04 (-0.54-0.9) 0.01 (-0.48-0.89) 0.526
LA area z value 0.36 (-0.15-095)  0.23 (-0.48-0.70) 0.163
LV sphericity 0.19 (-0.65-0.68)  0.25(-0.24-0.69) 0.168
index
RV sphericity 0.06 (-0.40-0.60) 0.14(-0.37-0.62) 0.183
index

Data are expressed as z values. Data are expressed as median and
IQR. IQR, interquartile range; UVBF/AC, umbilical vein blood flow/

abdominal circumference; RA, right atrium; LA, left atrium; LV, left

ventricle; RV, right ventricle; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2.

Discussion
Main findings

The findings from this study showed that SARS-CoV-2
infection does not significantly affect UBVF. Despite a
tendency towards lower values of UVBF values in affected
pregnancies the difference does not reach the statistical
significance when compared to pregnancies not exposed to
the virus. Likewise, there was no differences in fetal cardiac
function, suggesting that SARS-CoV-2 infection in preg-
nancy is unlikely to affect fetal venous and cardiac he-
modynamic, at least in uncomplicated pregnancies.

Strength and limitations

To the best of our knowledge, this is the first study eval-
uating the effects of SARS-CoV-2 infection on fetal venous
and cardiac function. The main strength of our study was
that data were collected prospectively on relatively large
population following a comprehensive study protocol
that included the assessment of umbilical vein circulation
and fetal cardiac hemodynamic. Furthermore, the two
study populations were controlled as regard the main
maternal and pregnancy variables potentially affecting
fetal hemodyamics.

The main limitation of this study relies in the inclusion
of only mildly symptomatic cases, raising the possibility of
a different behavior on presence of more severe diseases.
Indeed, severe SARS-CoV-2 infection has been associated
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with higher risk of vasculopathy and we cannot exclude
that the lack of association between SARS-CoV-2 infection
and the variables tested may be due to the fact that we
included only pregnant women in the mild spectrum of
the disease. However, about 92-95% of pregnant women
with SARS-CoV-2 infection does not experience the severe
spectrum of the disease allowing to apply the findings
for our study to the large majority of pregnant women
acquiring the infection in pregnancy [19]. Furthermore, we
restricted our observation to infection occurring during at
mid gestation, and we cannot exclude that the findings
could be different, if the infection had occurred earlier in
pregnancy. Finally, we included only pregnancies not
complicated by placental insufficiency. Pregnancies
complicated by impaired placental function and fetal
growth restriction show an altered cardiac geometry and
hemodynamic induced by hypoxemia. In this scenario,
the magnitude of hemodynamic and cardiac changes
induced by the virus may be potentially more significant
in fetuses already showing cardiac dysfunction due to
placental insufficiency.

Comparison with other studies

The well documented association between SARS-CoV-2
infection and placental lesions due to inflammation and
hypoperfusion [10] questions whether fetuses from infec-
ted mothers are at risk of developing similar change in
venous hemodynamic and cardiac morphometry reported
in fetal growth restriction due to placental insufficiency.
There is now a wealth of consistent published data
showing a higher prevalence of signs of decidual arterio-
pathy in pregnant women with SARS-CoV-2 infection,
suggesting a direct link between infection and impaired
placental function [9, 10]. The potential mechanisms
responsible for the higher risk of fetal compromise or death
in pregnancy may be primarily explained on the basis of a
secondary effect of the virus due to placenta hypoperfusion
induced by the compromised hemodynamic status of the
mother, or alternatively, of an increase pro-inflammatory
mediators induced by the virus at placental level [20].
However, there is another potential mechanism of
cardiovascular dysfunction related to SARS-CoV-2 infec-
tion. In adults, SARS-CoV-2 infection has been reported to
induce direct or indirect cardiac damage resulting in right
ventricular dysfunction, left ventricular wall motion ab-
normalities, global left ventricular dysfunction and grade II
or IIl diastolic dysfunction [21]. These changes represent the
pathophysiological bases of the higher occurrence of acute
heart failure, cardiogenic shock, myocardial ischemia or
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infarction, stress cardiomyopathy and arrhythmias in these
patients. There are also recent reports on the presence of
myocarditis in newborns from SARS-CoV-2 infection sug-
gesting a direct effect of the virus on fetal heart before birth
[22, 23].

The Host Cell Receptor for SARS-CoV-2 is the biologi-
cally critical enzyme ACE2 receptor, which is involved in
ventricular remodeling in many pathological conditions,
thus making the infection a potential trigger for cardio-
vascular dysfunction. These receptors are also expressed
on fetal cardiomyocyte, thus making the fetal heart a po-
tential target for infection.

The lack of associations between SARS-CoV-2 and
altered cardiac function observed in our series may be
explained on different basis. First, the burden of cardio-
vascular changes due to SARS-CoV-2 observed in adults and
children has been related to the severity of the infection. In
the present series, we included only asymptomatic or mildly
asymptomatic cases, thus potentially overlooking the actual
role of the virus in severe infection. Second, cardiovascular
changes related to placental insufficiency are induced by
prolonged chronic hypoxemia and commonly presents in
the third trimester of pregnancy. In our series, we included
only uncomplicated pregnancies and it may be plausible
that the effect of the virus on fetal cardiac function may be
more pronounced in pregnancies already complicated by
classic placental insufficiency and fetal growth restriction.
Last, the lack of cardiovascular and hemodynamic changes
related to the infection may be in view of the relative
immaturity and lower concentration of ACE2 receptor in the
human fetus.

Implications for clinical practice

The Royal College of Obstetricians and Gynaecologists
recently suggested that pregnant women recovering from
SARS-CoV-2infection should be offered only in presence of
a severe disease a fetal growth scan approximately 14 days
after recovery from their illness, while in asymptomatic or
mild form cases no changes in routine antenatal care is
required [24].

The findings from our studies support this recom-
mendation showing that pregnancies complicated by mild
SARS-CoV-2 infection are not at higher risk of hemody-
namic and cardiac changes, and therefore they do not
require additional scans through pregnancy to rule out
these disorders, unless pre-existing complications are
present.

Therefore, women with mild SARS-CoV-2 infection
should be counseled and reassured about their low risk of
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adverse fetal outcome [25]. This is particularly important
since pregnant women with SARS-CoV-2 infection experi-
ence increased anxiety levels due to their specific concerns
about the detrimental effect of the infection on their fetus
[26, 271.

Conclusions

There are no evidences that SARS-CoV-2 infection induce
cardiovascular dysfunction in uncomplicated pregnan-
cies. The findings from this study do not support a policy
of increased fetal surveillance and elective induction
of labor due to the infection. Further studies are needed
in to elucidate the influence and the magnitude of
SARS-CoV-2 infection on fetal cardiac function and
hemodynamic in pregnancies complicated by the severe
spectrum of the diseased and in women already affected
by impaired placental function and/or fetal growth
restriction.
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