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Abstract Objective Antenatal corticosteroids given prior to preterm deliveries reduce the risk
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of adverse neonatal outcomes. However, steroid administration in the setting of a viral
respiratory infection can worsen maternal outcomes. Therefore, the decision to
administer corticosteroids must balance the neonatal benefits with the potential
harm to the mother if she is infected with the novel coronavirus disease 2019 (COVID-
19). This study aimed to determine the gestational ages for which administering
antenatal corticosteroids to women at high risk of preterm labor with concurrent
COVID-19 infection results in improved combined maternal and infant outcomes.

Study Design A decision-analytic model using TreeAge (2020) software was constructed
for a theoretical cohort of hospitalized women with COVID-19 in the United States. All model
inputs were derived from the literature. Outcomes included maternal intensive care unit
(ICU) admission and death, along with infant outcomes of death, respiratory distress
syndrome, intraventricular hemorrhage, and neurodevelopmental delay. Quality-adjusted
life years (QALYs) were assessed from the maternal and infant perspectives. Sensitivity
analyses were performed to determine if the results were robust over a range of assumptions.
Results In our theoretical cohort of 10,000 women delivering between 24 and
33 weeks of gestation with COVID-19, corticosteroid administration resulted in
2,200 women admitted to the ICU and 110 maternal deaths. No antenatal cortico-
steroid use resulted in 1,500 ICU admissions and 75 maternal deaths. Overall, we found
that corticosteroid administration resulted in higher combined QALYs up to 31 weeks
of gestation in all hospitalized patients, and up to 29 weeks of gestation in ICU patients.
Conclusion Administration of antenatal corticosteroids at less than 32 weeks of gestation
for hospitalized patients and less than 30 weeks of gestation for patients admitted to the
ICU resulted in higher combined maternal and infant outcomes compared with expectant
management for women at high risk of preterm birth with COVID-19 infection. These
results can guide clinicians in their counseling and management of these pregnant women.

« Antenatal steroids reduce adverse neonatal outcomes.
* Steroids worsen maternal outcomes in COVID-19.
* Steroids given < 32 weeks result in improved outcomes.
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Steroids for Preterm Delivery with COVID-19

Shortly following the emergence of the novel coronavirus
disease 2019 (COVID-19) several guidelines were published
regarding the management of pregnant women and their
infants." The first data emerged from the experience of
health care providers in Wuhan, China, and knowledge of
COVID-19 continues to increase as the pandemic spreads.? It
remains unclear if use of antenatal corticosteroids for fetal
lung maturation and decreasing neonatal morbidity and
mortality outweighs the maternal risk of corticosteroid
exposure in women with COVID-19 infection.

When a woman is at high risk of preterm birth, cortico-
steroids are administered to decrease risk of neonatal morbidity
associated with prematurity. According to a 2017 Cochrane
review, antenatal corticosteroid administration is associated
with reduced neonatal death, respiratory distress syndrome
(RDS), and intraventricular hemorrhage (IVH), among other
improved clinical outcomes.”> Although there were limited
number of studies included in the analysis on maternal morbid-
ity and mortality, it was concluded that there was no increased
risk of maternal harm from antenatal corticosteroid exposure.

During the severe acute respiratory syndrome-coronavi-
rus (SARS-CoV) and Middle East respiratory syndrome-CoV
(MERS-CoV) outbreaks, steroids were commonly used to
manage hospitalized patients.® However, studies following
the outbreaks demonstrated corticosteroid therapy was
associated with worse outcomes, including increased mor-
tality and delayed clearance of viral RNA.”"' Given the
evidence available from previous outbreaks, corticosteroid
therapy is currently not routinely recommended for use in
patients with COVID-19 infection.

This, however, presents a clinical dilemma for obstetrics
patients, for whom the health of both the woman and infant
are important in medical decision making. While women at
high risk of preterm birth are typically managed with ante-
natal corticosteroids for infant benefit, clinicians must weigh
the potential harms associated with corticosteroid use in a
patient with COVID-19 infection. Therefore, we sought to
determine the gestational ages for which administration of
antenatal corticosteroids to women at high risk of preterm
birth with COVID-19 infection results in higher combined
maternal and infant outcomes than expectant management.

Materials and Methods

We created a decision-analytic model using TreeAge (2020
version, TreeAge Software Inc., Williamstown, MA,) software
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Fig. 1 Decision-analytic model schematic.
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to assess the clinical outcomes and total maternal and infant
quality-adjusted life years (QALYs) of the administration of
antenatal corticosteroids for women at high risk of preterm
birth with COVID-19 infection. We used a theoretical cohort
of 10,000 women in the United States who were infected
with COVID-19 and also at high risk of preterm birth at each
gestational age between 24%7 and 33%/7 weeks. This theoret-
ical cohort was used as the COVID-19 pandemic continues to
evolve with estimates of potential impact on women and
pregnancy changing daily, so a more precise theoretical
cohort was not calculated. As this was a theoretical model
with inputs derived from the published literature, and no
patients were required for the study, the study was deemed
to be exempt from Institutional Review Board (IRB) approval.

The model begins by separating the two strategies: admin-
istration of antenatal corticosteroids versus expectant man-
agement with no administration of corticosteroids (= Fig. 1).1t
was assumed that all women delivered during the gestational
age inwhich they were given steroids. Antenatal corticosteroid
treatment consists of two injections of betamethasone given
24 hours apart to improve fetal lung maturity in preterm
deliveries if clinical indications were consistent with immi-
nent delivery within 7 days. Then, women were stratified
based on whether they needed intensive care unit (ICU)
admission or died. Infant outcomes of interest were death,
RDS, IVH, and neurodevelopmental delay.

Our probabilities and utilities were derived from literature
and these model inputs are shown in = Table 1. The probabili-
ties for maternal ICU admission and death from COVID-19
infection were estimated from the reported cases in the United
States of individuals aged 20 to 44 years up to March 16, 2020
by the Centers for Disease Control and Prevention (CDC)
COVID-19 response team.'! The effects of steroids on proba-
bility of admission to ICU and mortality was estimated by a
hazard ratio of 1.49 that was reported in a systematic review of
steroids in the setting of hospitalized patients with influen-
za.'? In hospitalized patients, we assumed a probability of 0.22
for ICU admission with steroid administration, and 0.15 for ICU
admission without steroids. We assumed that if a woman with
COVID-19 was to die, she would have been previously admit-
ted to the ICU. We utilized a probability of maternal death of
0.05 for women treated with steroids or not, as her probability
of being admitted to the ICU was affected by steroid use.
However, for our model of women already in the ICU, we
assumed her probability of death with steroid administration
was 0.075 and 0.05 without steroids."
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Table 1 Common model inputs
Parameter Baseline Reference
input number
Probabilities
Maternal ICU admission 12
Steroids 0.22
No steroids 0.15
Maternal death, hospitalized 11
patients
Steroids 0.05
No steroids 0.05
Maternal death, ICU patients 11,12
Steroids 0.075
No steroids 0.05
Utilities
Healthy 1.00 Assumed
Maternal ICU admission 0.66 22
Neonatal ICU admission, 0.95 23
maternal perspective
Neonatal
Neurodevelopmental Delay
Maternal perspective 0.76 23
Infant perspective 0.69 25
Infant death, maternal 0.92 24
perspective
Life expectancies
Healthy with NICU stay
Maternal 56.2 18,20
Infant 78.8 20
NDD 62.0 21
NICU stay 0.078 26
ICU stay effect duration 1 22

Abbreviations: ICU, intensive care unit; NDD, neurodevelopmental
delay; NICU, neonatal ICU.

For infant outcomes, the probabilities of RDS, IVH and death
by gestational age from 24 to 33 weeks were determined from a
large prospective cohort study that compared antenatal corti-
costeroid administration to no treatment (=Supplementary
Table 51, available in the online version).>'3 The probability of
neurodevelopmental delay was estimated from a prospective
cohort study, which assessed cognitive disability and hearing
and visual impairment of children born before 33 weeks of
gestation at 5 years of age (~Supplementary Table S2, avail-
able in the online version).14 Neurodevelopmental sequelae
and infant death differences with presence or absence of IVH
were calculated based on an odds ratio of 6.02 and 5.64,
respectively.'?

Utilities were included from both the maternal and infant
perspective and discounted at an annual rate of 3%."® Utilities
are used to estimate the quality of life and range from 0 to 1,
with 0 being death and 1 meaning perfect health. Utilities are
then applied to discounted life-years to generate discounted
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quality-adjusted life years (QALYs). Awoman'’s life expectan-
cy following a first pregnancy was estimated to be 56.2 years
based on average age of first birth and current estimated life
expectancy.'”'® For healthy children and neurodevelopmen-
tally delayed children, life expectancies were estimated to be
78.8 years and 62 years, respectively.' 22

For any woman who required ICU admission, a utility of
0.66 was used and applied for 1 year, based on quality of life
estimates for 1 year after initial ICU admission.?? Utilities
regarding infant outcomes from the maternal perspective
were derived from data from Carroll and Downs which asked
guardians to provide utilities for chosen health states that
included having a child in perfect health, a child who died,
and a child with neurodevelopmental delay.?> We estimated
the maternal utility for having a child with neurodevelop-
mental delay by using the value for moderate cerebral palsy,
0.76. We estimated a maternal utility of 0.92 for having an
infant who did not survive.?*

For infant utilities, we used survey data, which assessed self-
perceived quality of life of extremely low birth weight neonates
who were followed into adulthood. The infant utility of moder-
ate neurodevelopmental delay was estimated to be 0.69. In
addition, as all neonates born in this model were preterm, we
applied a utility of 0.95 for the average length of stay for preterm
neonate, which we calculated to be 28.3 days.?>%>%®

Sensitivity analyses were performed on all model inputs
to determine the robustness of the results. We performed a
tornado analysis, which is a mechanism of running one-way
sensitivity analyses on all model inputs simultaneously to
determine which inputs have the most effect on the model.
Model inputs identified then were subjected to focused one-
way sensitivity analyses to determine thresholds.

We also performed probabilistic sensitivity analysis via
Monte Carlo simulation, which enabled us to incorporate
variation into all model inputs simultaneously and deter-
mine the proportion of the time a strategy is still effective
with 1,000 samples. Beta distributions were used for proba-
bilities and utilities, which approximate the normal distri-
bution and cannot fall outside of the range O to 1. Triangular
distributions were used for life expectancies. The results of
the simulation are presented in a bar graph, showing the
confidence of each strategy.

Results

In our theoretical cohort of 10,000 women at high risk of
preterm delivery between 24 and 33 weeks of gestation with
COVID-19 infection, corticosteroid administration resulted
in 2,200 women admitted to the ICU and 110 maternal
deaths at each gestational age (=Table 2). In contrast, no
antenatal corticosteroids resulted in 1,500 ICU admissions
and 75 maternal deaths at each gestational age. Of the
women already admitted into the ICU, there were 500 deaths
without steroid administration and 745 deaths with steroids
(=Table 3). Although administration of corticosteroids
resulted in worse maternal morbidity and mortality for
women, it was associated with better outcomes for infants,
including fewer cases of RDS, IVH, and death. For example, at
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28, 31, 32, and 33 weeks of gestation

Table 2 Outcomes in a theoretical cohort of 10,000 women hospitalized with COVID-19 and at risk of preterm delivery at 24,

Infant outcomes
Respiratory distress 2,488 3,740 1,060 1,610

syndrome

Intraventricular 1,760 2,610 300 530
hemorrhage

Neurodevelopmental 1,209 867 1,386 1,374
delay

Death 4,303 6,059 369 787

24 weeks 28 weeks
Steroids No Steroids No
steroids steroids
Maternal outcomes
ICU admission 2,220 1,500 2,220 1,500
Death 110 75 110 75

31 weeks 32 weeks 33 weeks
Steroids No Steroids No Steroids No
steroids steroids steroids

2,200 1,500 2,220 1,500 2,220 1,500

110 75 110 75 110 75
410 620 280 420 190 290
60 90 30 40 10 20
757 757 415 415 123 124
51 135 30 61 10 30

Abbreviations: COVID-19, novel coronavirus disease 2019; ICU, intensive care unit.

at 29, 30, and 31 weeks of gestation

Table 3 Outcomes in a theoretical cohort of 10,000 women admitted to the ICU with COVID-19 and at risk of preterm delivery

29 weeks
Steroids
Maternal outcomes
Death 745 500
Infant outcomes

Respiratory distress syndrome 770 1,180
Intraventricular hemorrhage 150 310
Neurodevelopmental delay 1,238 1,250
Death 191 414

No steroids

30 weeks 31 weeks
Steroids No steroids Steroids No steroids
745 500 745 500
500 760 410 620
100 220 60 90
919 942 783 768
125 208 52 134

Abbreviations: COVID-19, novel coronavirus disease 2019; ICU, intensive care unit.

28 weeks of gestation, corticosteroid administration resulted
in 550 fewer cases of RDS, 230 fewer cases of IVH and 419
fewer deaths.

Total QALYs are shown in = Table 4. We found that manage-
ment with antenatal corticosteroids in hospitalized patients
with COVID-19 infection resulted in higher QALYs from a
combined maternal and infant perspective from 24 %7 to 31
5/7 weeks of gestation (= Table 4; ~Supplementary Tables $3—
S10 [available in the online version]). Despite the worse
maternal outcomes with corticosteroid use at 28 weeks of
gestation and greater, the infant benefits of steroids below
32 weeks of gestation outweighed the potential maternal
harm. At 32 and 33 weeks of gestation, management without
antenatal corticosteroid administration resulted in higher
QALYs and thus was the optimal strategy (=Supplementary
Tables S11 and S12, available in the online version).

Among women in the ICU due to COVID-19 infection,
there was higher risk of maternal death with corticosteroid
administration. Due to this, antenatal steroid administration
was the optimal strategy through 29 weeks of gestation,
resulting in higher QALYs than expectant management. At
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30 weeks of gestation, administration of antenatal cortico-
steroids was no longer the optimal strategy.

Univariate sensitivity were performed across a wide
range for all model inputs for the latest gestational ages at
which corticosteroids resulted in higher combined mater-
nal and infant outcomes. For hospitalized women with
COVID-19 at 31 weeks of gestation, the probabilities of
ICU admission, maternal death, and neurodevelopmental
delay with corticosteroid exposure were most important
to our model (~Fig. 2). Antenatal corticosteroids for
hospitalized women at high risk of preterm delivery
became the less effective management strategy when
the probability of maternal ICU admission increased to
31.6% and the probability of death following an ICU
admission increased to 7.7%. When the probability of
neurodevelopmental delay with steroid exposure in-
creased to greater than 9.6%, the infant benefits from
corticosteroid exposure no longer outweighed the risks
to hospitalized women at 31 weeks of gestation. For
women admitted to the ICU at 29 weeks of gestation
with COVID-19, the probability of maternal death and
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Table 4 Combined maternal and infant QALYs among out
theoretical cohort of 10,000 hospitalized women and women
admitted to the intensive care unit at risk of preterm birth with
COVID-19 infection
Gestational Hospitalized Intensive care unit
age (wk) Steroids No Steroids No
steroids steroids
24 407,800 358,200 389,600 345,100
25 460,200 424,300 442,000 411,100
26 492,400 462,700 474,000 449,500
27 516,500 496,500 497,800 483,100
28 531,600 519,400 512,800 505,800
29 539,800 533,600 520,900 519,900
30 547,400 545,500 528,400 531,700
31 551,400 549,200 532,000 535,100
32 559,100 559,300 539,800 545,300
33 564,800 565,300 565,200 551,200

Abbreviations: COVID-19, novel coronavirus disease 2019; QALYs,
quality adjusted life years.

neurodevelopmental delay were also important to our
model. When the probability of maternal death in the
ICU was greater than 7.85% and the probability of neuro-
developmental delay increased above 12.8%, not using
antenatal corticosteroids was the optimal management
strategy for women in the ICU at 29 weeks of gestation.

During our multivariable analysis via Monte Carlo
simulation, we found that administering corticosteroids
was optimal 100% of the time at 24, 25, and 26 weeks of
gestation for women who are hospitalized (~Table 5). For
the weeks in which total QALYs were greater without
antenatal corticosteroid administration, which were
32 weeks of gestation for hospitalized women and 30 weeks
of gestation for women admitted to the ICU, corticosteroid
administration was only optimal 43.2 and 25.9% of the time,
respectively. As gestational age increased, the frequency of
the time in which corticosteroid administration was effec-
tive decreased. In hospitalized patients and women admit-
ted to the ICU at 33 weeks of gestation, corticosteroids were
an effective management strategy 0 and 3.4% of the time,
respectively.

Sensitivity Analysis of Maternal ICU Admission with Steroid Administration at 31 Weeks

Sensstivity Analysis of Maternal Death with Steroid Administration 2t 31 Weeks

Table 5 Frequency of trials antenatal corticosteroid
management is optimal in a Monte Carlo simulation of 1,000
hospitalized women and women admitted to the ICU with
COVID-19 infection at risk of preterm delivery at 24-33 weeks
of gestation

Gestational Hospitalized Intensive
age (wk) (%) care unit (%)
24 100 99.6

25 100 99.5

26 100 98.5

27 99.3 96.5

28 97.4 83.2

29 85.3 57.2

30 66.2 25.9

31 65.6 20.7

32 43.2 7.6

33 0 34

Abbreviations: COVID-19, novel coronavirus disease 2019; ICU, inten-
sive care unit.

Discussion

In this study, we found that antenatal corticosteroid admin-
istration for women at risk of preterm delivery with COVID-
19 infection was an effective management strategy from a
combined maternal-infant perspective below 32 weeks of
gestation for hospitalized patients and below 30 weeks of
gestation for women admitted to the ICU when compared
with not administering steroids. In our theoretical cohort,
with increasing gestational age at which imminent delivery
may occur, steroid administration becomes less effective
when both maternal and infant outcomes are considered.

In March, 2020, it was projected that 20 to 60% of the U.S.
population could become infected with COVID-19.%’ There-
fore, with an estimated 3.9 million births in the United States
per year, of which 2.76% are early preterm (less than
34 weeks of gestation), the number of pregnant women
with preterm births infected with COVID-19 could be be-
tween 60,000 to 190,000.'82% With the high number of
women and clinicians encountering this issue, determining
the optimal management in this setting is important.

Sensitivity Analysis of Neurodevelopmental Delay at 31 weeks

Cc

Fig. 2 One-way sensitivity analysis of all hospitalized patients. The y-axis represents the QALYs and the x-axis represents the probability of ICU
admission (A), maternal death in the ICU (B) and neurodevelopmental delay (C) with corticosteroids use. ICU, intensive care unit; QALYs, quality

adjusted life years.
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Our model findings were consistent with published data for
previous worldwide viral outbreaks, such as MERS, SARS, and
influenza.”'%%8 It has been widely demonstrated in the litera-
ture that corticosteroid administration in adults with these
infections is associated with increased morbidity and mortali-
ty, although the exact mechanism is unknown. We found that
the probabilities of maternal admission to the ICU and mor-
tality following corticosteroid administration were impactful
to our findings during sensitivity analysis. However, it is
important to note that the evidence for the effects of cortico-
steroids in MERS, SARS, and influenza were in the setting of
high-dose hydrocortisone corticosteroid treatment, and many
of these patients had a more severe disease course. Betame-
thasone is typically used for antenatal steroid administration.
Therefore, it is important that future studies investigate the
effects of antenatal corticosteroid on maternal morbidity and
mortality during viral outbreaks like COVID-19.

Our model findings were also consistent with published
data for the consequences of preterm delivery. We found that
the frequency of IVH, neurodevelopmental delay, and infant
death were highest at 24 weeks of gestation and decreased as
gestational age increased. Similarly, the frequency of each of
these adverse outcomes were lower with maternal antenatal
corticosteroid administration. Typically, this management
strategy would not be questioned, as there are minimal
known negative consequences of corticosteroid administra-
tion to pregnant women. However, in this setting of COVID-
19 infection, when the effects of adverse infant and maternal
outcomes are balanced, there is a point at which infant
benefit is outweighed, such as is seen with expectant man-
agement of severe preeclampsia. Additionally, we found that
this gestational age tipping point differed for women who
were hospitalized versus already in the ICU.

To date, there are no retrospective cohort studies evalu-
ating the effects of antenatal corticosteroids in women with
COVID-19 infection and their infants. Mcintosh recently
published clinical guidance for corticosteroid use in preg-
nancy during the COVID-19 pandemic, and her recommen-
dations that steroids should not be used over 32 weeks of
gestation, and that decisions should be based on multidisci-
plinary shared decision making are consistent with our
results. While the paper does include data on worsening
patient outcomes in COVID-19 with steroid exposure, there
are multiple confounders to consider, making the data
potentially unreliable.?® This is the first decision analysis
of its type to investigate the maternal and infant consequen-
ces of corticosteroid use during a viral pandemic. The use of
decision analysis is an important tool enabling the estima-
tion of clinical implications of corticosteroid administration
for both women and infants on a population level, which is a
strength of this study as decisions in obstetrics typically are
based on a balance of infant and maternal impact.

Limitations

Decision-analytic models are not without limitations. Mod-
els are inherently subject to uncertainty, as model inputs rely
on previously published evidence. Despite the quick spread
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of infection, there is still little evidence on its implications for
pregnant women and their infants.>® With the current
dynamic environment and progression of infection through-
out the world, it is important to note that much of this study
on the impact of steroids on ICU admission and maternal
mortality relied on data from previous influenza studies.
Corticosteroid therapy was often used as adjunct therapy for
management of SARS, MERS, and influenza to little benefit
for patients, but the data for COVID-19 is currently limited. It
is also important to acknowledge that corticosteroids used
for respiratory syndromes are different than the betametha-
sone given for fetal lung maturity. Although betamethasone
and hydrocortisone are both corticosteroids, they differ in
potency, duration of action, and ability to cross the placen-
ta.3! Betamethasone is given in two doses of 12-mg intra-
muscularly 24 hours apart. This would be equivalent to
320 mg of hydrocortisone, which is similar to the dosing
given in MERS as reported by Arabi et al of 300 mg daily for a
median of 7 days.”’ We also assumed that any woman who
died from COVID-19 while pregnant would be treated in the
ICU, which was not assumed in the paper by Arabi et al, and it
is not necessarily the case in hospitals in the United States
that are overwhelmed with the number of COVID-19 cases.
Further, many previous studies investigating SARS, MERS,
and influenza contained few female participants.

However, we are reassured by our univariate and multi-
variate analyses that despite a wide range of values in our
study for maternal morbidity and mortality following ste-
roids administration, the outcomes do not greatly differ. As
the COVID-19 pandemic continues to unfold, further evi-
dence on the impact of antenatal corticosteroids on maternal
and infant outcomes may affect which gestational ages that
corticosteroid administration should be recommended.

Another limitation was that our cohort of interest was
symptomatic hospitalized patients diagnosed with COVID-19
and are at risk of delivery within the next 7 days. Several patients
who are hospitalized for clinical management of pregnancy
complications, such as preterm prelabor rupture of membrane
and preeclampsia, will not deliver within the week.>? Our model
does not factor in the population at low risk for imminent
preterm delivery and the latency until delivery following pre-
sentation. As COVID-19 lasts approximately 2 weeks in a
majority of patients, if a woman continues to be pregnant for
2 weeks or greater following initial presentation, she potentially
no longer has the associated risks of steroid exposure in the
setting of an infection. Further, there are many more asymp-
tomatic COVID-19 positive patients than symptomatic, thus this
model is only applicable to symptomatic patients at high risk for
preterm delivery.3> COVID-19 test results should not be a pre-
requisite for administration of antenatal steroids to an asymp-
tomatic patient at risk for pre-term delivery.

Conclusion

In conclusion, our findings suggest that antenatal cortico-
steroid administration for women at high risk of preterm
delivery with a COVID-19 infection have improved combined
maternal and infant outcomes below 32 weeks of gestation
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for hospitalized patients and below 30 weeks of gestation for
patients admitted to the ICU. As decisions regarding care of
women and infants in the preterm period are complex, the
risks, benefits, and alternatives should be considered during
conversations with patients. This decision analysis was con-
ducted because of the paucity of data informing the use of
antenatal corticosteroids for preterm delivery in COVID-19-
positive patients. Thus, care of women with respiratory
compromise from COVID-19 should be individualized, and
such patients should receive multidisciplinary team care,
with MFM and critical care specialists. The results of the
study can guide management with the clinical dilemma of
weighing maternal risks to infant benefits in the preterm
period of pregnant women with COVID-19 infection.
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