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Adverse perinatal outcomes in pregnancies () Cheokiorupises
affected by severe COVID-19 infection
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Delisa Quayson, MD; Shane Reeves, MD

BACKGROUND: Severe COVID-19 infection in pregnancy has been associated with an increase in adverse perinatal outcomes, although
studies differ regarding which outcomes are affected. Increased characterization of obstetrical and neonatal outcomes is needed, including details
on indications for preterm delivery and additional neonatal adverse outcomes.

OBJECTIVE: This study aimed to determine whether there is a higher rate of adverse perinatal outcomes with severe-to-critical COVID-19
infection compared with nonsevere COVID-19 diagnosed during pregnancy.

STUDY DESIGN: This was a retrospective observational cohort study that compared rates of adverse perinatal outcomes between patients
with severe-to-critical and those with nonsevere (asymptomatic, mild, or moderate) COVID-19 infection. Patients had singleton pregnancies and a
positive laboratory polymerase chain reaction result for COVID-19. Primary outcomes included hypertensive disorders of pregnancy, cesarean
delivery, fetal growth restriction, preterm birth, and neonatal intensive care unit admission. Additional neonatal outcomes analyzed included need
for cardiopulmonary resuscitation, low birthweight (<2500 g), 1- or 5-minute Apgar score <7, need for supplemental oxygen, need for intuba-
tion, intraventricular hemorrhage, sepsis, respiratory distress syndrome, bronchopulmonary dysplasia, blood transfusion, necrotizing enterocolitis,
hypoxic-ischemic encephalopathy, birth trauma, or neonatal death. Appropriate bivariate analyses were used to compare groups. Logistic regres-
sion was used to examine primary outcomes while adjusting for confounders.

RESULTS: A total of 441 participants were identified and confirmed via detailed chart review to be pregnant with a singleton pregnancy while
diagnosed with COVID-19. Of these, 44 (10%) met National Institutes of Health criteria for severe-to-critical COVID-19 infection. The median ges-
tational age at the time of maternal COVID-19 diagnosis was 36.4 weeks (interquartile range, 29.6—38.6). Severe-to-critical COVID-19 infection
had a higher risk of a composite adverse neonatal outcome (36.4% vs 21.4%; P=.03). There was a high incidence of hypertensive disorders of
pregnancy overall (20.6%), but this outcome was not higher in the severe-to-critical vs nonsevere group. There were no maternal deaths. There
was a low incidence of neonatal COVID-19 test positivity among those tested (1.8%). When adjusting for presence of heart disease and gesta-
tional age at COVID-19 diagnosis, severe-to-critical COVID-19 was strongly associated with fetal growth restriction (adjusted odds ratio, 2.73;
confidence interval, 1.03—7.25) and neonatal intensive care unit admission (adjusted odds ratio, 3.50; confidence interval, 1.56—7.87). Preterm
delivery was more common but was no longer significant after adjustment (adjusted odds ratio, 2.23; confidence interval, 0.99—5.05).
CONCLUSION: Severe-to-critical COVID-19 infection during pregnancy is associated with higher rates of adverse neonatal outcomes and
strongly associated with neonatal intensive care unit admission and fetal growth restriction compared with nonsevere disease. There is a high
rate of hypertensive disorders of pregnancy overall in all those affected by COVID-19, regardless of severity. Pregnant persons should be coun-
seled on these risks to encourage vaccination, and those with infection during pregnancy should be monitored for fetal growth disorders.

Key words: coronavirus, COVID-19, fever, morbidity, mortality, pandemic, pregnancy, preterm birth, respiratory distress syndrome, SARS-
CoV, SARS-CoV-2, sepsis, virus

From the University of Colorado School of Medicine, Aurora, CO

The authors report no conflict of interest.

The authors report no funding for this study.

Patient consent was not required because no personal information or details were included.

This publication was supported by the Health Data Compass Data Warehouse project (healthdatacompass.org), REDCap electronic data capture
tools hosted at the University of Colorado, and by National Institutes of Health (NIH)/National Center for Advancing Translational Sciences (Colorado
Clinical and Translational Science Awards [CTSA] Program Grant Number UL1 TR002535). Its contents are the authors’ sole responsibility and do not
necessarily represent official NIH views.

Cite this article as: Hamidi OP, Lijewski V, Sheeder J, et al. Adverse perinatal outcomes in pregnancies affected by severe COVID-19 infection. Am J
Obstet Gynecol Glob Rep 2022;XX:x.ex—X.ex.

Corresponding author. ohamidi@pennstatehealth.psu.edu

2666-5778/$36.00

© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
http://dx.doi.org/10.1016/j.xagr.2022.100118

November 2022 AJOG Global Reports 1


http://crossmark.crossref.org/dialog/?doi=10.1016/j.xagr.2022.100118&domain=pdf
mailto:Corresponding author.
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.xagr.2022.100118
http://www.ajog.org

AJOG Global Reports at a Glance

Why was this study conducted?

Key findings

affected by COVID-19.

growth restriction.

This was a retrospective cohort study conducted to investigate the impact of
severe COVID-19 infection on obstetrical and neonatal outcomes.

Our study demonstrated increased rates of adverse neonatal outcomes including
neonatal intensive care unit admission and increased risk of fetal growth restric-
tion in severe COVID-19 infection compared with nonsevere COVID-19. There
was a high rate of hypertensive disorders of pregnancy among all pregnancies

What does this add to what is known?

Our study included detailed characterization of obstetrical and neonatal out-
comes in pregnancies with severe COVID-19 disease across a >1-year time
span, confirmed findings of increased rates of adverse neonatal outcomes, added
details of indications for preterm birth, and found a strong association with fetal

Introduction

The impact of SARS-CoV-2 (COVID-
19) during pregnancy has been an
ongoing area of investigation with vary-
ing results regarding the characteriza-
tion of maternal outcomes, disease
severity, and perinatal and obstetrical
outcomes. After several conflicting early
reports on rates of maternal adverse
outcomes,'’ the largest body of data
from the Centers for Disease Control
and Prevention ultimately confirmed
substantially higher rates of hospitaliza-
tion, intensive care unit (ICU) admis-
sion, and mechanical ventilation among
pregnant women with COVID-19 com-
pared with nonpregnant persons.” This
was a large and informative data set but
was subject to reporting bias, and preg-
nancy status was only available for
some women. In addition, obstetrical
and neonatal outcomes were not avail-
able. Studies examining the effect of
COVID-19 on obstetrical and neonatal
outcomes have also been conflicting.” "
The most robust study by Metz et al’
examined 1219 pregnant persons posi-
tive for COVID-19 and found an
increased risk of cesarean delivery,
hypertensive disorders of pregnancy,
and preterm birth in those with severe-
to-critical COVID-19 compared with
asymptomatic patients. They did not
find an increase in adverse outcomes in
the mild-to-moderate group compared
with asymptomatic patients.

2 AJOG Global Reports November 2022

We sought to elucidate maternal and
neonatal outcomes in further detail and
confirm these more recent findings of
increased adverse perinatal outcomes in
those with severe-to-critical COVID-19.
We investigated these outcomes
through a retrospective observational
cohort study examining all pregnant
persons with confirmed COVID-19
infection within a large health system.
We hypothesized that we would find
higher rates of adverse perinatal and
neonatal outcomes among severe-to-
critical than among nonsevere COVID-
19 infections during pregnancy.

Materials and Methods

This was a retrospective observational
cohort study examining pregnant persons
with polymerase chain reaction (PCR)
laboratory-confirmed COVID-19 infec-
tion diagnosed between March 1, 2020
and May 5, 2021 across a large hospital
system. This hospital system includes a
major academic tertiary-care center and
12 regional hospitals. Patients were
screened for eligibility if they had a con-
firmed pregnancy diagnosis and simulta-
neous diagnosis of COVID-19 using the
services of Health Data Compass, an
enterprise health data warehouse that
integrates patient clinical data from the
electronic health record. We identified
any patient with a prenatal or delivery
encounter using International Classifica-
tion of Diseases (ICD)-9, ICD-10,

Current Procedural Terminology, and
positive COVID-19 laboratory codes.
Detailed electronic medical record review
and data abstraction were performed to
ensure that patients met the inclusion cri-
teria of a diagnosis of COVID-19 during
a clinically confirmed pregnancy. All
study sites had a universal screening pro-
cess for testing patients on admission to
the labor and delivery unit. Additional
COVID-19 testing was obtained for inpa-
tients and outpatients presenting with
symptoms. Patients were excluded if they
did not have a laboratory-confirmed PCR
diagnosis of COVID-19, or if they had a
multifetal gestation or a known major
fetal anomaly. Study data were collected
and managed using REDCap (Vanderbilt
University, Nashville, TN) electronic data
capture tools hosted at the University of
Colorado."” The study was approved by
the institutional review board.

Data abstraction included demo-
graphics, medical and obstetrical history,
COVID-19 treatment, laboratory find-
ings, imaging studies, and birth out-
comes. Neonatal outcomes  were
reviewed for the duration of the neonate’s
delivery admission. Data accuracy was
ensured by detailed chart review and/or
reviewed for accuracy by the primary
author who is a trained obstetrician. The
accuracy of a PCR-confirmed laboratory
diagnosis of COVID-19 was verified,
including if external laboratory results
were available for review. The gestational
age at the time of COVID-19 diagnosis
was determined using the clinically estab-
lished estimated due date.

Classification of COVID-19 severity
was based on the established National
Institutes of Health (NIH) guidelines.14
According to these guidelines, severe
COVID-19 disease is defined as periph-
eral oxygen saturation (SpO,) <94% on
room air at sea level, a ratio of arterial
partial pressure of oxygen to fraction of
inspired oxygen (PaO,/FiO,) <300 mm
Hg, a respiratory rate >30 breaths/min,
or lung infiltrates on imaging >50% of
lung fields. Critical disease is defined as
respiratory failure, septic shock, and/or
multiorgan dysfunction. The “nonse-
vere COVID-19” cohort included those
meeting NIH criteria for asymptomatic
disease, mild disease (defined as any
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signs or symptoms of COVID-19
excluding shortness of breath/dyspnea,
or abnormal chest imaging), or moder-
ate illness (defined as evidence of lower
respiratory  disease during clinical
assessment or imaging and an SpO2
>94% on room air at sea level). The
NIH criteria specify SpO, criteria at sea
level, whereas our study cohort was at
approximately 5000 ft of elevation; thus,
we translated an SpO, level of <94% on
room air at sea level to any need for
oxygen supplementation, which is typi-
cally set at a threshold of an SpO2
<92% for pregnant persons at altitude.
Rates of adverse perinatal and neonatal
outcomes were compared between those
meeting NIH criteria for severe or critical
COVID-19 and those with nonsevere
disease (asymptomatic, mild, or moder-
ate). Primary perinatal outcomes
included cesarean delivery, preterm deliv-
ery (<37 weeks), and the placentally
mediated disorders of fetal growth
restriction and hypertensive disorders of
pregnancy. Fetal growth restriction was
defined as either an estimated fetal
weight or abdominal circumference mea-
suring <10th centile. Hypertensive disor-
ders of pregnancy included gestational
hypertension, chronic hypertension with
superimposed preeclampsia, preeclamp-
sia with or without severe features,
HELLP syndrome, and eclampsia and
were classified according to the criteria

by the American College of Obstetricians
and Gynecologists.'” Secondary perinatal
outcomes included rates of pregnancy
loss (defined as spontaneous miscarriage
at any gestational age or intrauterine fetal
demise), blood transfusion, postpartum
hemorrhage (defined as >1000 mL of
estimated blood loss), venous thrombo-
embolism (VTE), maternal ICU admis-
sion, endometritis, and clinically
diagnosed chorioamnionitis.

Neonatal outcomes included NICU
admission, NICU length of stay, and a
composite adverse neonatal outcome
defined as the incidence of at least one
of the following: NICU admission, inci-
dence of birthweight <2500 g, 1- or 5-
minute Apgar score <7, use of supple-
mental oxygen, intubation, cardiopul-
monary resuscitation, incidence of
sepsis, respiratory distress syndrome,
bronchopulmonary dysplasia, blood
transfusion, necrotizing enterocolitis,
hypoxic-ischemic encephalopathy, birth
trauma, or neonatal death. The inci-
dence of positive neonatal COVID-19
testing was also examined. NICU
admission and neonatal testing were
not universal for all maternal cases of
COVID-19 but provided at the clinical
discretion of the neonatal care team.
Similarly, placental pathology was not
universally sent but performed when
clinicians considered it appropriate on
the basis of neonatal outcomes.

FIGURE 1

COVID-19 severity in the study cohort

Sars-CoV-2 positive during

pregnancy
3/1/20 - 5/5/21
N =454
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n=7 multifetal gestations
n=6 fetal anomalies
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Flow diagram demonstrating identified cases meeting inclusion criteria and breakdown of COVID-19

severity classifications.
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Descriptive statistics including tests
of normality were computed to assess
the study variables. Appropriate bivari-
ate analyses were used to compare base-
line demographic data and medical
history and secondary outcomes includ-
ing Student f or Mann—Whitney U tests
for continuous variables and chi-square
or Fisher exact tests for categorical out-
comes. Logistic regression was used to
identify predictors of primary perinatal
outcomes associated with placental dis-
orders (preterm delivery, fetal growth
restriction, and hypertensive disorders
of pregnancy), and NICU admission,
adjusting for any baseline variables
found to be associated with severe
COVID-19 (P<.05).

Results

A total of 441 participants were identi-
fied and confirmed to have a singleton
pregnancy while diagnosed with
COVID-19 via laboratory-confirmed
PCR. Among these, 397 met criteria for
asymptomatic, mild, or moderate infec-
tion, and 44 met criteria for critical-to-
severe disease (Figure 1). The rates of
characteristics defining disease severity
for symptomatic patients and rates of
specific symptoms are presented in
Table 1. Specific symptoms that were
more common in the severe-to-critical
group included dyspnea, cough, fever,
and muscle aches (Table 1).

The location of diagnosis varied, with
most cases diagnosed in the labor and
delivery unit (47.9%). The second most
common location was an outpatient
clinic (40.1%), with the remainder being
recognized in the emergency department,
a different inpatient setting (such as ICU
or medicine floor), or an urgent care set-
ting (9.3%, 2.5%, and 0.2%, respectively).
The median gestational age at time of
COVID-19 diagnosis across the entire
cohort was 36.4 weeks (interquartile
range, 29.6—38.6), with 52.4% of partici-
pants being diagnosed with COVID-19
preterm (<37 weeks). There was a low
incidence of COVID-19 diagnosis in the
first trimester (<12 weeks), with a total
of 9 participants (2.0%).

Baseline demographics and clinical
characteristics were overall similar
between those with severe-to-critical
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TABLE 1
Disease severity classification
Mild/moderate COVID-19 Critical/severe COVID-19
(n=188) (n=44)
N % % Pvalue

Respiratory failure (ECMO, CPAP, BiPap, ventilation) 0 0.0 8 18.2

Nasal cannula® 1 0.3 27 61.4

HFNC 0 0.0 1 2.3

BiPap or CPAP 0 0.0 0 0.0

Mechanical ventilation 0 0.0 8 18.2

ECMO 0 0.0 1 2.4

Septic shock 1 0.5 0 0.0

Death 0 0 0 0.0

Abnormal CXR or chest CT 10 5.3 38 86.4

Self-reported dyspnea 35 18.6 33 75.0

Other symptoms:
Cough 101 53.7 33 75.0 .01
Fever 57 30.3 25 56.8 <.01
Chest pain or tightness 13 6.9 6 13.6 14
Headache 45 239 9 20.5 .62
Nausea 25 13.3 8 18.2 .40
Vomiting 14 7.5 7 15.9 .08
Diarrhea 10 5.3 3 6.8 .70
Loss of smell 45 239 6 13.6 14
Loss of taste 38 20.2 5 11.4 a7
Joint pain 0 0.0 0 0.0 —
Muscle aches 41 21.8 17 38.6 .02
Nasal congestion 55 29.3 2 4.6 <.01
Runny nose 18 9.6 1 2.3 14
Sore throat 36 19.2 3 6.8 .05
Fatigue 28 14.9 11 25.0 ah
Conjunctivitis 1 0.5 0 0 1.0

cﬁ’éiﬁﬁatl)ilevel positive airway pressure; CPAP, continuous positive airway pressure; CT, computed tomography; CXR, chest x-ray; ECMO, extracorporeal membrane oxygenation; HFNC, high-flow nasal

#0ne patient required nasal cannula and remained in the mild group category because the nighttime oxygen requirement was suspected to be secondary to obstructive sleep apnea and the patient had

otherwise only mild symptoms.
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and those with nonsevere disease
(Table 2). Notably, there were no differ-
ences in age, body mass index, history
of preterm birth, cesarean delivery, or
history of hypertensive disorders. Those
with severe-to-critical infection had a
higher incidence of underlying heart
disease (4.6% vs 0.3%; P<.01) and a
lower median gestational age at diagno-
sis (31.5 vs 37 weeks; P<.01).
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Table 3 demonstrates primary and
secondary perinatal outcomes. Those
with severe-to-critical COVID-19 infec-
tion demonstrated higher rates of pre-
term birth (25% vs 10.2%; P<.01) and
fetal growth restriction (13.6% vs 5.3%;
P=.03). There was a high but similar
rate of hypertensive disorders of preg-
nancy in both groups (22.7% vs 20.4%;
P=.72). The overall cesarean rate and

primary cesarean rate were also similar
between the groups. Secondary out-
comes were significant for earlier gesta-
tional age at delivery (38.4 vs 39.1
weeks; P=.04), higher incidence of deliv-
ery for nonreassuring fetal status (15.9%
vs 5.6%; P<.01), higher maternal ICU
admission (31.8 vs 0%; P<.001), and
higher rates of VTE (4.6 vs 0.3%; P=.03)
in the severe-to-critical group (Table 3).
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Table 4 demonstrates primary and
secondary neonatal outcomes. The pri-
mary neonatal outcome of NICU
admission was significantly higher in
the severe-to-critical group (27.3% vs
7.9%; P<.01). A composite of neonatal
adverse outcomes was also significantly
higher in the severe-to-critical group
(36.4% vs 21.4%; P=.03). Individual sec-
ondary neonatal outcomes that were
higher in the severe-to-critical group
included rates of low Dbirthweight
<2500 g (20.9 vs 10.0%; P=.03), 1-min-
ute Apgar <7 (20.5 vs 9.5%; P=.03), use
of supplemental oxygen (27.3 vs 11.2%;
P<.01), intubation (6.8 vs 1.5%; P=.02),
and respiratory distress syndrome
(15.9 vs 4.6%; P<.01) (Table 4).

There were no maternal or neonatal
deaths in our cohort. There was an
overall low incidence of neonatal
COVID-19 test positivity among those
tested (2/111; 1.8%). No differences in
rates of pregnancy loss were noted, with
a total of 4 pregnancy losses that were
all in the nonsevere COVID-19 group
(Table 3). These losses included a 15-
week, 20-week, and 21-week spontane-
ous delivery, and one 26-week intra-
uterine fetal demise. Two losses had
evidence of acute chorioamnionitis on
placental pathologic examination, and 2
of the spontaneous deliveries presented
with a clinical picture consistent with
cervical insufficiency.

Table 5 presents the final logistic
regression models. Severe-to-critical
COVID-19 was predictive of fetal
growth restriction (adjusted odds ratio
[aOR], 2.73; 95% confidence interval
[CI], 1.03—7.25) and NICU admission
(aOR, 3.50; 95% CI, 1.56—7.87) when
adjusting for gestational age at diagnosis
and history of heart disease. Preterm
delivery was no longer significant in the
severe-to-critical group (aOR, 2.23; 95%
CI, 0.99—5.05). Of note, 81.8% of pre-
term deliveries in the severe-to-critical
group were indicated (vs spontaneous),
whereas only 27.5% of preterm deliver-
ies were indicated in the nonsevere
group. Of the 9 indicated preterm deliv-
eries in the severe group, most occurred
during the time of COVID-19 hospitali-
zation (88.9%), and most were

secondary to nonreassuring fetal assess-
ment (77.8%). Among the indicated
deliveries in the nonsevere group, most
were secondary to a hypertensive diag-
nosis of pregnancy (63.6%). There was a
high incidence of hypertensive disorders
of pregnancy in the cohort overall
(20.6%), but severe-to-critical disease
was not associated with this outcome
(aOR, 1.30; 95% CI, 0.61-2.76). In
addition, severe-to-critical disease was
not associated with cesarean delivery
(aOR, 1.18; 95% CI, 0.52—2.71) nor pri-
mary cesarean delivery (aOR, 0.09; 95%
CI, 0.44—1.87).

Comment

Principal findings

Our study found higher rates of adverse
perinatal outcomes among pregnancies
affected by severe-to-critical COVID-19
than among those with nonsevere dis-
ease. These outcomes included higher
rates of fetal growth restriction, NICU
admission, and a composite adverse
neonatal outcome. Preterm birth was
more common in the severe-to-critical
group, and this difference neared signif-
icance when adjusting for confounders.
We did not find higher rates of cesarean
delivery or hypertensive disorders in the
severe-to-critical group, but there was
an overall high rate of hypertensive dis-
orders in the entire cohort (20.6%). Our
findings expand the body of evidence
supporting the association of COVID-
19 with worsened pregnancy outcomes
and add additional details on fetal and
neonatal outcomes.

Results in the context of what is
known

Preterm birth was more common in the
severe-to-critical group (25% vs 10.2%;
P<.01). Although this was no longer
significant after adjusting for gestational
age at diagnosis and heart disease, we
suspect that many of the additional
adverse neonatal outcomes were driven
by the high rate of preterm birth in the
severe group. It is also noteworthy that
preterm birth was largely driven by
indicated deliveries in the severe-to-
critical group (81.8%), similarly to what
was found by Metz et al.” Our study

adds additional detail on delivery indi-
cation, noting that 77.8% were because
of nonreassuring fetal status. There was
also a high rate of indicated preterm
births in the nonsevere group (27.5%).
This may be partially explained by the
higher incidence of comorbid diagnoses
such as hypertensive disorders of preg-
nancy in all pregnancies affected by
COVID-19 regardless of severity, which
was indeed the most common indica-
tion for preterm delivery in the nonse-
vere group (63.6%). Although higher
rates of adverse neonatal outcomes and
low birthweight are expected in the set-
ting of high rates of preterm delivery
and NICU admission, these are clini-
cally significant comorbidities.

Our finding that fetal growth restric-
tion was more common in the severe-
to-critical COVID-19 group is notable.
Aside from isolated case reports,'® pre-
vious studies evaluating fetal growth
restriction have not shown a consistent
correlation with COVID-19 infection;
however, these previous studies did not
account for severity of infection.” "’
Although we are cautious about inter-
preting this finding because of lack of
obtained data regarding Doppler studies
or other indicators of severe fetal
growth restriction, growth restriction is
known to be more common in inflam-
matory states in pregnancy,20 and
higher levels of inflammation are a hall-
mark of severe COVID-19. Because of
the retrospective nature of this research,
it was difficult to ascertain the timing of
COVID-19 infection in relation to the
onset of fetal growth restriction. How-
ever, we attempted to obtain a general
idea of the temporal relationship of
COVID-19 diagnosis among the 28 par-
ticipants with a diagnosis of fetal growth
restriction. We did not find a significant
difference in the rate of fetal growth
restriction diagnosed at any time before
a COVID-19 diagnosis. This increased
the likelihood of a true difference
between the groups, but a causative
relationship could not be fully estab-
lished.

We were surprised not to find a higher
rate of hypertensive disorders of preg-
nancy in the severe group because of the
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TABLE 2

Baseline demographic and clinical characteristics

Asymptomatic, mild, or

Critical-severe (n=44;

moderate infection (n=397,; 10.0%) Median (IQR) or
Characteristic 90.0%) Median (IQR) or n (%) n (%) Pvalue
Age (y) 27.5(22-32) 28 (25—33.5) 15
Gravidity
1 133 (33.5%) 14 (31.8%) .68
2—4 212 (53.4%) 26 (59.1%)
>5 52 (13.1%) 4 (9.1%)
Parity
159 (40.1%) 14 (31.8%) .29
Nulliparous
238 (59.9%) 30 (68.2%)
Multiparous
Previous cesarean delivery? 67 (17.1%) 4(9.1%) a7
Gestational age at diagnosis 37 (30.1—-39) 31.5(27.5—-34.8) <.01
Body mass index (kg/m?) 31.5 (27.1-36) 32.4 (28—-37.1) 7
Race-ethnicity
142 (36.1%) 10 (23.3%) a7
Non-Hispanic White
33 (8.4%) 2 (4.7%)
Non-Hispanic Black
38 (9.7%) 7 (16.3%)
Non-Hispanic Other
180 (45.8%) 24 (55.8%)
Hispanic
History of preterm birth 28 (7.1%) 6 (13.6%) 12
History of any hypertensive disorder of pregnancy 32 (8.1%) 3(6.8%) 1.00
Tobacco use during pregnancy 23 (5.8%) 2 (4.6%) 1.00
Illicit substance use during pregnancy 29 (7.3%) 2 (4.6%) .76
History of stroke 0 0 —
History of thrombosis 1(0.3%) 1(2.3%) 19
HIV infection 1(0.3%) 1 (2.3%) 19
Asthma 41 (10.3%) 8 (18.2%) 12
Diabetes mellitus 19
8 (2.0%) 3 (6.8%)
Preexisting
33 (8.3%) 2 (4.6%)
Gestational

Hamidi. Severe COVID-19 and perinatal outcomes. Am ] Obstet Gynecol Glob Rep 2022.
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TABLE 2

Baseline demographic and clinical characteristics (continued)

Asymptomatic, mild, or

Critical-severe (n=44;

IQR, interquartile range.

PHIV, chronic steroid use, or other immunosuppressants

moderate infection (n=397; 10.0%) Median (IQR) or
Characteristic 90.0%) Median (IQR) or n (%) n (%) Pvalue
Chronic hypertension 19 (4.8%) 4(9.1%) .28
Seizure disorder 9 (2.3%) 1(2.3%) 1.00
Immunosuppression® 2(0.5%) 0(0.0%) 1.00
Any psychiatric or mood disorder 93 (23.4%) 14 (31.8%) .22
Chronic kidney disease 1(0.3%) 0 (0%) 1.00
Rheumatologic disease 3(0.8%) 1(2.3%) .34
Thyroid disease 19 (4.8%) 0(0.0%) .24
Heart disease® 1(0.25%) 2 (4.6%) .03
Chronic liver disease 1(0.3%) 0(0.0%) 1.00

Data are reported as either median (interquartile range) or number (percentage).

Excluding patients with pregnancy loss in COVID-19—affected pregnancy

“Heart disease included 1 patient with arrhythmia and 2 patients with rheumatic heart disease.

Hamidi. Severe COVID-19 and perinatal outcomes. Am ] Obstet Gynecol Glob Rep 2022.

known effect of inflammation in preg-
nancy on the rates of these disorders.”
Although the lack of increase in rates of
hypertensive disorders of pregnancy in
the severe-to-critical COVID-19 group
differs from the findings of Metz et al,” it
may be explained by the high rate of
hypertensive disorders of pregnancies in
both severe and nonsevere COVID-19
groups overall (20.6%), which is higher
than the background rate of approxi-
mately 8.6% in the United States and the
rate of 11.1% reported within our health
system between 2019 and 2020.”" Hyper-
tensive disorders are emerging as more
common with the diagnosis of COVID-
19 in pregnancy in general, thus we may
have been underpowered to find a differ-
ence between the groups.'

We found a higher rate of VTE in the
severe COVID-19 group, although the
incidence was low overall (3 in the entire
cohort). This outcome is difficult to inter-
pret in the context of small numbers and
variation in local VTE prophylaxis strate-
gies that changed over time and may
have differed among the local and
regional hospitals. In addition, although
our rate of neonatal test positivity (2/111;
1.8%) is similar to previously published
rates,” it should be interpreted with

caution because of lack of uniformity for
neonatal testing approaches across sites.

Clinical implications

Our finding of increased adverse neona-
tal outcomes is particularly useful in
counseling patients on the continued
risks of COVID-19 infection in preg-
nancy, especially now that preventative
intervention with vaccines is available.
Although many of the risks are associ-
ated with immediately acute concerns
in severe-to-critically ill patients (such
as increased indicated preterm birth for
nonreassuring fetal status), we addition-
ally confirmed a high rate of hyperten-
sive diagnosis in both groups.”' Lastly,
our study found an increase in the rate
of fetal growth restriction and supports
the practice of increased fetal growth
surveillance, especially for those who
suffer  severe-to-critical COVID-19
infection.

Research implications

Continued research into timing of
infection and adverse perinatal out-
comes would be beneficial. There were
limited numbers of participants in the
first trimester in our study, and the
effect of COVID-19 during this

pregnancy time frame remains under-
studied. Lastly, because of the rarity of
stillbirth and pregnancy loss, we were
unable to further examine their rela-
tionship with COVID-19.

Strengths and limitations

Our study’s greatest limitation is its ret-
rospective nature, which limits the ability
to draw conclusive relationships between
COVID-19 severity and outcomes. Our
results were likely skewed toward later
gestational ages at time of diagnosis
because universal screening protocols for
planned admission to labor and delivery
are more likely to occur at later gesta-
tional ages, which also explains the gesta-
tional age difference between our 2
groups, although we did adjust for this
in our logistic regressions. There was
also potential for confounding between
the outcomes of hypertensive disorders
of pregnancy and fetal growth restriction
that frequently co-occur, although it is
biologically plausible that both were
caused by the inflammatory nature
of COVID-19.°*** Our study was
limited in its ability to separate these 2
outcomes. Overall, there was a low rate
of adverse outcomes in our cohort
because of a large proportion of
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TABLE 3
Perinatal outcomes

Asymptomatic, mild, or Critical-severe (n=44;

moderate infection (n=397; 10.0%) Median (IQR)

Characteristic 90.0%) Median (IQR) or n (%) orn (%) Pvalue
Delivery mode:

Cesarean delivery 107 (27.2%) 12 (27.3%) .99

Vaginal delivery (spontaneous or operative) 286 (72.8%) Operative: n=4 32 (72.7%) Operative: n=2

Primary cesarean delivery 60 (56.1%) 9 (75.0%) 24
Gestational age at delivery (wk) 39.1 (37.5—39.4) 38.4 (36.8—39.4) .04
Indication for delivery

Spontaneous 194 (49.6%) 14 (31.8%) <.01

Worsening maternal status 1(0.26%) 1(2.3%)

Nonreassuring fetal heart tones 22 (5.6%) 7 (15.9%)

Other obstetrical indication 174 (44.5%) 22 (50%)
Preterm birth (<37 wk) 40 (10.2%) 1 (25%) <.01

Indicated 27.5% (11/40) 81.8% (9/11)
Gestational age at preterm delivery

<28 wk 3 (7.5%) 1(9.1%) 1.00

28—36.6 wk 37 (92.5%) 10 (91.0%)
Fetal growth restriction 21 (5.3%) 6 (13.6%) .03
Pregnancy outcome

Live birth 393 (99.0%) 44 (100%) .50

Pregnancy loss® 4 (1.0%) 0 (0.0%)
Preterm premature rupture of membranes 19 (4.8%) 1(2.3%) e
Endometritis 8 (2.0%) 1(2.3%) 1.00
Chorioamnionitis 14 (3.5%) 0 (0%) .38
Hypertensive disorder of pregnancy

Any hypertensive disorder of pregnancy 81 (20.4%) 10 (22.7%) 72

Gestational hypertension 29 (7.3%) 5 (11.4%) .90

Preeclampsia without severe features 31 (7.8%) 3(6.8%)

Preeclampsia with severe features 20 (5.0%) 2 (4.6%)

Eclampsia 1(0.3%) 0 (0.0%)

HELLP syndrome 0 (0.0%) 0 (0.0%)
Uterine rupture 0(0.0%) 0(0.0%) 1.00
Blood transfusion 2 (0.5%) 0 (0.0%) 1.00
Postpartum hemorrhage 29 (7.4%) 1(2.3%) .34
Maternal intensive care unit admission 0 (0.0%) 14 (31.8%) <.01
Venous thromboembolism 1(0.3%) 2 (4.6%) .03

Data are reported as either median (interquartile range) or number (percentage).

IQR, interquartile range.

3Pregnancy loss defined as spontaneous miscarriage at any gestational age or intrauterine fetal demise.

Hamidi. Severe COVID-19 and perinatal outcomes. Am J Obstet Gynecol Glob Rep 2022.
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TABLE 4
Neonatal outcomes

Asymptomatic, mild, or moderate infection Critical-severe (n=44; 10.0%) Median
Outcome (n=397; 90.0%) Median (IQR) or n (%) (IQR) or n (%) Pvalue
Composite adverse neonatal outcome® 85 (21.4%) 16 (36.4%) .03
Neonatal ICU admission 31(7.9%) 12 (27.3%) <.01
Neonatal ICU length of stay (d) 14 (6—-27) 21.5 (7—40) .39
Birthweight (g) 3186.5 (2840—3480) 3125 (2715—3410) .24
Birthweight <2500 g 39 (10.0%) 9 (20.9%) .03
1-min Apgar score <7 37 (9.5%) 9 (20.5%) .03
5-min Apgar score <7 9 (2.3%) 3(6.8%) .08
Use of supplemental oxygen 44 (11.2%) 12 (27.3%) <.01
Required intubation 6 (1.5%) 3(6.8%) .02
Required CPR 2(0.5%) 0 (0%) 1.00
Intraventricular hemorrhage 0 0 —
Sepsis 1(0.3%) 0 (0%) 1.00
Respiratory distress syndrome 18 (4.6%) 7 (15.9%) <.01
Bronchopulmonary dysplasia 2 (0.5%) 1(2.3%) 27
Blood transfusion 1(0.3%) 1(2.3%) 19
Necrotizing enterocolitis 0 0 —
Hypoxic-ischemic encephalopathy 1(0.3%) 0 (0%) 1.00
Birth trauma 1(0.3%) 0 (0%) 1.00
Neonatal death 0 (0%) 0 (0%) —
Neonatal+COVID-19 PCR® 2(0.5%) 0 (0%) 1.00
Data are reported as either median (interquartile range) or number (percentage).
CPR, cardiopulmonary resuscitation; /CU, intensive care unit; /QR, interquartile range; PCR, polymerase chain reaction.
Composite adverse neonatal outcome includes at least 1 of the following: neonatal ICU admission, need for CPR, low birthweight (<2500 g), 1- or 5-minute Apgar score <7, need for supplemental
oxygen, need for intubation, intraventricular hemorrhage, sepsis, respiratory distress syndrome, bronchopulmonary dysplasia, blood transfusion, necrotizing enterocolitis, hypoxic-ischemic encephalop-
athy, birth trauma, or neonatal death
®Calculated out of n=111 neonates tested for COVID-19.
Hamidi. Severe COVID-19 and perinatal outcomes. Am ] Obstet Gynecol Glob Rep 2022.

TABLE 5
Adjusted odds ratios of adverse perinatal and neonatal outcomes in
severe-to-critical vs nonsevere COVID-19

Outcomes Adjusted odds ratios (95% Cl)
All preterm delivery <37 wk 2.23 (0.99-5.05)
Spontaneous preterm delivery 0.46 (0.09—2.20)

Fetal growth restriction 2.73 (1.03—7.25)

NICU admission 3.50 (1.56—7.87)%

Risk of cesarean delivery 0.90 (0.44—1.87)

Risk of primary cesarean delivery 1.18 (0.51-2.71)

Risk of hypertensive disorders of pregnancy 1.30 (0.61—2.76)

Adjusted for gestational age at the time of COVID-19 diagnosis and preexisting heart disease.
Cl, confidence interval; MCU, neonatal intensive care unit.
aSjgnificant P values defined as P<.05.

Hamidi. Severe COVID-19 and perinatal outcomes. Am J Obstet Gynecol Glob Rep 2022.

asymptomatic  positive  individuals.
Lastly, there were changes in standard-
of-care treatments (increased use of ste-
roids and remdesivir) and vaccine avail-
ability across the time span of our study,
which may have affected outcomes.
Because of the timeline of our study
within the pandemic, we were unable to
assess vaccine status or use of monoclo-
nal antibodies, which were rarely used in
this time frame at our system.

There are several strengths of our
study. Although this analysis was lim-
ited to a single region, it did include a
major academic tertiary-care center and
outlying regional hospitals, which adds
to the generalizability of the results
beyond the limitations of studying a
single referral site. Our detailed analysis
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reviews a large number of pertinent
clinical outcomes and spans over a year
of the pandemic. Our data across this
time span reflect that adverse perinatal
outcomes remained elevated with
COVID-19 even as knowledge of its
optimal treatment increased. We were
able to perform a detailed chart review
and examine a variety of neonatal out-
comes in significantly more detail. In
addition, different variants of concern
have existed during this expanded time
frame, thus our review enables a com-
prehensive updated overview of the
effects of COVID-19 on pregnancy.

Conclusions

Severe-to-critical COVID-19 disease is
associated with increased risk of fetal
growth restriction, NICU admission,
and a composite of adverse neonatal
outcomes. Indicated preterm birth
owing to fetal distress was common.
Our study adds additional strength to
the existing literature on adverse peri-
natal outcomes in pregnancy with fur-
ther detail on neonatal risks, which can
aid in counseling patients on the risks
of COVID-19 while vaccine hesitancy
in this population remains high. [ |
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