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Abstract
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a virus that, having crossed species, has caused human 
disease from 2019 – COrona VIrus Disease 2019 (COVID-19). Pregnant women are potentially at high risk of contracting 
SARS-CoV-2 infection when compared to non-pregnant matched controls. Pregnancy is also complicated with a higher risk 
of developing severe SARS-CoV-2, including respiratory diseases, admission to the intensive care unit and mortality, even 
after adjusting for confounding risk factors. Moreover, data on the effect on fetal outcome including preterm delivery and 
perinatal morbidity are still conflicting, the risk of vertical transmission (i.e., transmission of SARS-CoV-2 from the mother 
to the fetus or the newborn) is considered low but there is evidence that a significant proportion of placentas where SARS-
CoV-2 occurred during pregnancy show histopathological findings suggesting placental hypoperfusion and inflammation. 
In this review we will present the available data on the effects of SARS-CoV-2 infection on fetal growth and maternal 
hemodynamics
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Аннотация
Коронавирус тяжелого острого респираторного синдрома 2 (SARS-CoV-2) – вирус, который преодолел видовой ба-
рьер и стал причиной заболевания человека с 2019 года (COrona VIrus Disease 2019, COVID-19). Беременные жен-
щины потенциально подвержены более высокому риску заражения SARS-CoV-2 по сравнению с небеременными 
женщинами соответствующей контрольной группы. Беременность также ассоциирована с повышенным риском раз-
вития тяжелого SARS-CoV-2, включая заболевания дыхательной системы, госпитализацию в отделение интенсив-
ной терапии и смертность, даже после поправки на сопутствующие факторы риска. Более того, данные о влиянии 
на показатели плода, включая преждевременные роды и перинатальную заболеваемость, все еще противоречивы. 
Риск вертикальной передачи, то есть передачи SARS-CoV-2 от матери к плоду или новорожденному, считается низ-
ким, однако есть доказательства, что в плаценте, инфицированной SARS-CoV-2, достаточно часто определяются 
гистопатологические признаки гипоперфузии и воспаления плаценты. В этом обзоре мы представим имеющиеся 
данные о влиянии инфекции SARS-CoV-2 на рост плода и гемодинамику матери.

Ключевые слова: инфекция SARS-CoV-2; COVID-19; рост плода; доплерография маточной артерии; допплерогра-
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List of abbreviation
SARS-CoV-2 – severe acute respiratory syndrome 
coronavirus 2

UVBF – umbilical vein blood flow
UVBF/AC – umbilical vein blood flow normalized for fetal 
abdominal circumference

HIGHLIGHTS КЛЮЧЕВЫЕ ПОЛОЖЕНИЯ
SARS-CoV-2 virus induce changes in the placenta, mainly characterized 
by hypoperfusion and inflammation

Вирус SARS-CoV-2 вызывает изменения плаценты, которые в ос-
новном характеризуются гипоперфузией и воспалением

These placenta changes do not seem associated with changes in fetal 
growth and hemodynamics

Эти изменения плаценты, по-видимому, не ассоциированы с изме-
нениями роста плода и гемодинамики

Women experiencing SARS-CoV-2 infection should be reassured of the 
low risk of adverse perinatal outcome

Беременным женщинам c SARS-CoV-2 инфекцией необходимо дать 
информацию о низком риске неблагоприятных перинатальных исходов

An intensive fetal surveillance should be considered when other  
pregnancy complications are present in addition to COVID 19 infection

При наличии других осложнений беременности следует 
рассмотреть возможность интенсивного наблюдения за плодом

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection started and spread from the end 
of 2019 and up to now is still a major issue of concern for 
Public Health, with a daily worldwide increase of new 
cases of infection that may require admission to hospital 
and or to intensive care unit, and deaths1 [1, 2].

Pregnancy has been reported to be an independent 
risk factor for adverse outcomes in women with SARS-
CoV-2 infection, especially if other co-morbidities, 
such as diabetes or pre-eclampsia co-exist. The peculiar 
changes occurring in the cardiorespiratory system 
during pregnancy may be partially responsible for 
the increased burden of maternal morbidities observed 
in these women when compared to the non-pregnant 
general population [3–5].

SARS-CoV-2 infection has been reported to 
potentially affect the placenta. There is an increasing 
number of reports showing a high prevalence of placental 
related to hypoperfusion and inflammation in women 
with SARS-CoV-2 infection when compared to control 
pregnant population women [6–10]. The potential 
association between SARS-CoV-2 and impaired 
placental function is crucial because it might lead to 
changes in fetal growth, hemodynamic decompensation 
and increased risk of perinatal mortality and morbidity.

The objective of this review is to quantify the effects 
of SARS-CoV-2 infection on placental changes, fetal 
growth, and hemodynamics during pregnancy.

PLACENTAL CHANGES
The findings from our systematic review showed 

that a large proportion of pregnancies complicated by 
SARS-CoV-2 infection have placental histopathological 
abnormalities consistent with placental inflammation 
and hypoperfusion, while only about 17.4% of these 
pregnancies showed no placental anomalies. Sub-group 
analyses according to the presence of maternal 

symptoms or high-risk pregnancy showed similar 
results with the large majority of placenta from women 
with SARS-CoV-2 infection in pregnancy [11].

The recently reported association between SARS-
CoV-2 infection in pregnancy and stillbirth questions 
whether the placenta can be a targeted host to viral 
infection. A population study from the United Kingdom, 
including more than 3000 pregnancies with laboratory 
confirmed SARS-CoV-2 infection, reported that stillbirth 
was significantly more common in women when 
compared to those without the infection (8.5 per 1000 vs 
3.4 per 1000) with an adjusted odds ratio of 2.21 (95% 
confidence interval 1.58–3.11; p < 0.001) [12].

It has been shown that the COVID-19 virus enters 
into human cells by interacting with the angiotensin-
converting-enzyme receptor and there is evidence that 
the concentrations of these receptors are increased 
in the pregnant uterus and placenta [11]. These findings 
have been subsequently confirmed by the increased 
prevalence of signs of decidual arteriopathy in the placenta 
of infected pregnant women, demonstrating a link 
between infection and impaired placental function. The 
potential mechanisms responsible for the higher risk 
of fetal death in the pregnancies may be explained on 
the basis of a direct effect of the virus on the placenta, 
inducing inflammation and necrosis or, alternatively, to 
a secondary effect due to placenta hypoperfusion induced 
by the compromised hemodynamic status of the mother. 
The results from this systematic review showed 
a high rate of maternal and fetal vascular malperfusion, 
associated with acute and chronic inflammatory 
pathology, potentially linking the observed increased 
risk of stillbirth with placental anomalies.

EFFECTS ON FETAL GROWTH
The Royal College of Obstetricians and Gynecologists 

(RCOG) recommends that pregnant women recovering 
1 Centers for Disease Control and Prevention (CDC) Data on COVID-19 during pregnancy: weekly COVID-19 pregnancy data (2021).  
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/special-populations/pregnancy-data-on-covid-19.html. Accessed Aug 3rd, 2021.
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from SARS-CoV-2 infection should be offered a growth 
scan, and at least a fetal growth scan, approximately 
14 days after recovering from the illness (or > 21 days 
from prior fetal biometry ultrasound), unless there is 
a pre-existing clinical reason for an earlier scan. This 
suggests that these pregnancies might theoretically be at 
a higher risk of fetal growth restriction2.

Despite this, there is still a substantial lack of evidence 
on the actual role of SARS-CoV-2 infection in affecting 
fetal growth. We have previously reported [13] that, 
in women with mildly symptomatic infection, there was 
no difference in estimated fetal weight and fetal growth 
velocity in pregnancies complicated by Sars-CoV-2 
infection compared to those not. However, this study 
was hampered by the small sample size, lack of severely 
symptomatic cases and heterogeneity in the gestational 
age at infection. Figure 1 shows the absence of effects on 
the z value (i.e., the number of standard deviations that 
the value differs from the expected mean for gestation) 
on head circumference and the estimated fetal weight 
in women experiencing SARS-CoV-2 infection.

Despite the absence of evident changes in fetal 
growth, it should be considered that maternal vascular 
hypoperfusion is potentially associated with a higher risk 
of impaired placental function, and stillbirth. Therefore, 
particular care may be necessary in pregnancies, and 
particularly those associated with other risk factors.

HEMODYNAMIC EFFECTS
A significant proportion of women with SARS-Cov-2 

infection in pregnancy show placental histopathological 
abnormalities suggesting placental hypoperfusion and 

inflammation. Doppler ultrasonography is considered 
a reliable technique to evaluate hemodynamic changes 
in fetal and maternal circulation. We therefore tested 
whether SARS-CoV-2 infection can alter in maternal and 
fetal Dopplers [13]. There was no difference in either 
mean uterine artery, umbilical and middle cerebral artery 
pulsatility index and cerebral placental ratio z-scores 
[14] between pregnancies complicated and those not 
complicated by SARS-CoV-2 infection (Fig. 2).

We recently hypothesized that placental changes due 
to COVID-19 infection may lead to impaired umbilical 
vein blood flow (UVBF) and subsequent fetal cardiac 
remodeling [15]. The objective was to compare the UVBF 
and fetal cardiac function in pregnancies complicated 
and in those not complicated by COVID-19 infection 
in a prospective case-control study of consecutive 
pregnancies complicated by COVID-19 infection during 
the second half of pregnancy matched with unaffected 
women.

Measurements of UVBF normalized for fetal 
abdominal circumference (UVBF/AC), the atrial area 
(AA) and ventricular sphericity indices (SI) were 
assessed and compared between the two study groups. 
There was no difference in UVBF/AC values. Likewise, 
there was no difference in the left and right AA and SI 
suggesting that pregnancies complicated by COVID-19 
infection showed no reduction in UVBF and are not at 
higher risk of cardiac remodeling.

CONCLUSION
In the management of pregnancies complicated by 

SARS-CoV-2 infection there is still debate as to whether 

FIG. 1. Box-whisker plots of head circumference (A), and estimated fetal weight (B): z value in SARS-CoV-2 affected mothers 
and in control group in the second trimester, and at 35–38 weeks. (Diagram based on data from [13].)
РИС. 1. Графики окружности головы (А) и расчетной массы плода (B): значение z у матерей, инфицированных SARS-
CoV-2, и в контрольной группе во втором триместре и на сроках 35–38 недель. (Диаграмма построена по данным [13].)

2 Royal College of Obstetricians and Gynaecologists. Coronavirus (COVID-19) Infection in Pregnancy Information for healthcare professionals 
Version 13: Published Friday 19 February 2021 https://www.rcog.org.uk/ Accessed Aug 6th, 2021.
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more frequent fetal surveillance should be applied to these 
women or whether they should be followed in the standard 
manner. The data reported in this review provide 
no evidence that a policy of serial ultrasonography scans 
to assess the velocity of fetal growth is necessary in view 
of the lack of association between infection and impaired 
fetal growth. Furthermore, in women with SARS-
CoV-2 infection the risk of stillbirth has been reported 
to be not significantly different from that of the control 
pregnant population. Consequently, women with SARS-
CoV-2 infection should be reassured of the low risk 
of experiencing adverse fetal outcomes. This concept 
should be emphasised since there is evidence that 
pregnant women with SARS-CoV-2 infection showed 
increased levels of anxiety due to the specific concerns 
about the potential negative effect of infection on their 
fetus and newborn [16].

Pregnancies with SARS-CoV-2 infection showed 
no greater risk of developing fetal growth restriction 
or fetal compromise. Even though sub-group analysis 
according to the severity of the disease and gestational age 
at infection could not be performed, it might be reasonable 
to offer women recovered from SARS-CoV-2 infection 
an additional growth scan in the third trimester to rule out 
the possibility of reduced fetal growth due to impaired 
placental function, and therefore, reassure the parents.

More importantly, additional ultrasound scans 
throughout the pregnancy might be required in women 
presenting with objective risk factors for growth 
restriction such as a previous complicated pregnancy, 
abnormal placental biomarkers or increased pulsatility 
index in the uterine arteries because in these women 
SARS-CoV-2 infection may worsen an already 
compromised placenta.
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