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Highlights

Pregnancy-specific interventions, such as the mode of delivery or the type of
anaesthesia appears to be related with severity of disease, but not with

perinatal outcomes.

There is an association with caesarean section and the likelihood of being

admitted to ICU or due to adverse effects of COVID-19 pneumonia.

We encourage researchers to include pregnant women in their trials and

when they did so, to report them separately.



Abstract page

Treatment of COVID-19 in pregnant women: a systematic review
Steven Giesbers, Edwina Goh, Tania Kew, John Allotey, Heinke Kunst, Mercedes

Bonet, Shakila Thangaratinam

Objective

Clinical trials evaluating pharmacological and non-pharmacological treatment of
COVID-19, either excluded pregnant women or included very few women. Unlike the
numerous systematic reviews on prevalence, symptoms and adverse outcomes of
COVID-19 in pregnancy, there are very few on the effects of treatment on maternal
and neonatal outcomes in pregnancy. We undertook a systematic review of all
published and unpublished studies on the effects of pharmacological and non-
pharmacological interventions for COVID-19 on maternal, pregnancy and neonatal
outcomes.

Data sources

We performed a systematic literature search of the following databases: Medline,
Embase, Cochrane database, WHO (World Health Organization) COVID-19
database, China National Knowledge Infrastructure (CNKI), and Wanfang databases
from 1 December 2019 to 1 December 2020.

Study eligibility criteria

Studies were only included if they involved pregnant or postnatal women who were
exposed to pregnancy specific interventions like the mode of delivery and type of
anaesthesia, pharmacological or non-pharmacological interventions.

Study appraisal and synthesis methods



We first screened the titles and abstracts of studies and then assessed the full text of
the selected studies in detail for eligibility. Data on study design, population, type of
screening for COVID-19, country, hospital, country status (high or low and middle
income), treatment given (mode of delivery, type of anaesthesia, type of
pharmacological and non-pharmacological treatment was extracted. The pre-defined
maternal outcomes we collected were severe or critical COVID-19 (as defined by the
authors), symptomatic COVID-19, maternal death, maternal hospital admission, ICU
admission, mechanical ventilation, ECMO and maternal pneumonia. The pre-defined
neonatal outcomes we extracted were preterm birth (<37 weeks), mode of delivery
(vaginal or by caesarean section), stillbirth, neonatal death, NICU admission,
neonatal COVID-19 positive, neonatal acidosis (pH<7.0) and Apgar scores (<8 after
5 minutes). Study quality assessment was performed.

Results

From a total of 342 potential eligible studies, we included 27 studies in our
systematic review. Sixteen studies had a retrospective cohort design and 11 a
prospective cohort design. There were no randomised controlled trials. There was a
significant association between caesarean section and admission to ICU (OR 4.99,
95% CI1 1.24 to 20.12), and diagnosis of maternal COVID-19 pneumonia as defined
by study authors (OR 3.09, 95% CI 1.52 to 6.28). Women who had a preterm birth
were more likely to have the baby via caesarean section (OR 3.03, 95% CI 1.71 to
5.36). For pharmacological and non-pharmacological we provided estimates of the
expected rates of outcomes in women exposed to various treatment of COVID-19,
however comparative data for pregnant women, in particular for treatments proven to
be effective in the general population, is lacking, to provide clinically meaningful

interpretation.



Conclusions

We found associations for pregnancy specific interventions, like mode of delivery
and outcomes of the disease, but there was too few data on pharmacological and
non-pharmacological treatment in pregnant women with COVID-19. We did report
the rates of complications found in the literature. We encourage researchers to
include pregnant women in their trials and report the data on pregnant women
separately.
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Introduction

Pregnant women with coronavirus disease (COVID-19) are more likely to have
severe COVID-19 and complications than non-pregnant women with COVID-19 of
similar age group, although symptoms and clinical presentation can be the same as
in the general population.(1) In addition, adverse pregnancy outcomes, such as
preterm delivery, maternal death and admission on intensive care unit (ICU), are
seen in pregnant women with COVID-19 compared to those without the disease.(1)
Many pharmacological interventions for treatment of COVID-19 have been used, but
few, like Remdesivir and systemic steroids have been shown to be effective.(2) Non-
pharmacological interventions like proning or invasive and non-invasive mechanical
ventilation have been applied in pregnancy, but their impact on the course of the
disease and on the pregnancy outcomes are not known in this specific group. Lastly,
there are certain interventions that are specific to pregnancy, such as the mode of
delivery or type of anaesthesia, which are only applicable to pregnant women. In
pregnant women with COVID-19, these interventions have been used as forms of
treatment, although their impact on COVID-19 and pregnancy related outcomes is

not known.

Clinical trials evaluating pharmacological and non-pharmacological treatment of
COVID-19, either excluded pregnant women or included very few.(3) This has
resulted in very little information on maternal and neonatal outcomes in pregnant
women who have been exposed to these interventions. Unlike the numerous

systematic reviews on prevalence, symptoms and adverse outcomes of COVID-19 in



pregnancy, there are very few on the effects of treatment on maternal and neonatal

outcomes in pregnancy.

To fill in the evidence gap, we undertook a systematic review of all published and
unpublished studies on the effects of pharmacological and non-pharmacological

interventions for COVID-19 on maternal and neonatal pregnancy outcomes.

Methods

This systematic review is part of an ongoing set of living systematic reviews on
COVID-19 in pregnancy, using a prospectively registered protocol (PROSPERO
CRD42040178076; registered 22 April 2020) published elsewhere.(4) In this paper
we specifically report the effects of pharmacological and non-pharmacological
interventions on pregnancy outcomes. We also report on the complication rates of
pregnancy specific interventions, such as mode of delivery and type of anaesthesia.
We carried out our systematic review using the preferred reporting items for
systematic reviews and meta-analysis (PRISMA) recommendations (see appendix

XXX).

Literature search

The PregCOV-19 Living Systematic Review Consortium performed a systematic
literature search of the following databases: Medline, Embase, Cochrane database,
WHO (World Health Organization) COVID-19 database, China National Knowledge
Infrastructure (CNKI), and Wanfang databases from 1 December 2019 to 1

December 2020. The details of the search strategy are published elsewhere.

(1)



Study selection

Two reviewers (SG and EG) independently selected studies using a two-stage
process: they first screened the titles and abstracts of studies and then assessed the
full text of the selected studies in detail for eligibility. Studies were included if they
involved pregnant or postnatal women who were exposed to pregnancy specific
interventions like the mode of delivery and type of anaesthesia, pharmacological or
non-pharmacological interventions. Pharmacological interventions includes antiviral,
immunotherapy, (systemic) corticosteroids, antibiotics or combinations of these
interventions and non-pharmacological interventions comprised mechanical
ventilation, extracorporeal membrane oxygenation (ECMO) or proning. The studies
also needed to report on COVID-19 related pregnancy or neonatal outcomes.
Pregnancy outcomes were severe or critical COVID-19 (as defined by the individual
study authors), symptomatic COVID-19, maternal death, maternal hospital
admission, ICU admission, mechanical ventilation, ECMO, maternal pneumonia,
preterm birth (<37 weeks), caesarean section, stillbirth, neonatal death (up to 28
days), neonatal intensive care unit (NICU) admission, neonatal COVID-19 positive,
neonatal acidosis (pH <7.0) and Apgar scores (<8 after 5 minutes). Disagreements
were resolved through discussion with a third reviewer (ST or JA). We included only
cohort studies or case-series that reported on more than 10 women. We excluded
studies that reported on duplicate data for the outcomes of interest when this was
reported by the authors or when we found that the characteristics of the studies were

similar to each other.
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Quality assessment and data extraction

To assess the quality of comparative cohort studies for selection, comparability and
outcome ascertainment bias we used the Hoy et al tool.(5) For internal validity we
considered studies to be of low risk of bias when the data was collected directly from
the subjects, the outcomes of interest were clearly defined, the data was collected
from medical records and done in the same manner for all the subjects, the follow-up
time was long enough to report the outcome and the numerators and denominators
for the outcomes reported were appropriate. For external validity a study was
considered to be of low risk when the studies target population closely represented
the national population, universal testing was used, instead of selected testing, there
was no form of random selection used to select the sample and the response rate for

the study was higher than 90%.

Two reviewers (SG, EG) independently extracted data using a predefined format. In
all studies we extracted data on the study design, the population, type of screening
for COVID-19, country, hospital, country status (high or low and middle income),
treatment given (mode of delivery, type of anaesthesia, type of pharmacological and
non-pharmacological treatment and their definition. The pre-defined maternal
outcomes we collected were severe or critical COVID-19 (as defined by the authors),
symptomatic COVID-19, maternal death, maternal hospital admission, ICU
admission, mechanical ventilation, ECMO and maternal pneumonia. The pre-defined
neonatal outcomes we extracted were preterm birth (<37 weeks), mode of delivery
(vaginal or by caesarean section), stillbirth, neonatal death, NICU admission,
neonatal COVID-19 positive, neonatal acidosis (pH<7.0) and Apgar scores (<8 after

5 minutes). We did a deduplication process by checking the data with other studies

11



published by the same authors or where data was collected in the same hospitals.
We contacted study authors if there were any inconsistency in their data or where

data was missing. Disagreements were discussed with a third reviewer (JA)

Statistical analysis

The comparative dichotomous data was pooled using random effects meta-analysis
and the findings were summarized as odds ratios (OR) with 95% confidence
intervals (Cl). Heterogeneity was reported as |2 statistics.

For non-comparative data we only presented narrative sentences and not a formal

meta-analysis.

Results
From a total of 342 potential eligible studies, we included 27 studies in our

systematic review. (Figure 1)
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Figure 1 — Study selection process

201 425 citations identified

201 083 articles excluded

24 784 irrelevant articles
175012 duplicates

1287 case reports/ series

342 full text articles assessed for eligibility

315 articles excluded

208 no intervention

97 inappropriate study design

10 duplicate publication or overlapping population

27 studies included

(4943 pregnant women, 1066 exposed to intervention)
mode of delivery (18 studies)

type of anaesthesia (3 studies)

pharmacological intervention (6 studies)

non pharmacological intervention (11 studies)

Characteristics of the included studies

Of 27 studies, six (22%) were from China (6-11); five (19%) were from Italy (12-16);
three from Spain (17-19); two each from Chile (20, 21), Turkey (22, 23) and the
United States of America (24, 25); one each from Brazil (26), France (27), India (28),
Israel (29), Mexico (30), Panama (31) and Peru (32). 15 were classified as high-
income countries (12-21, 24, 25, 27, 29, 31) and 12 as low and middle-income
countries (6-11, 22, 23, 26, 28, 30, 32). Sixteen studies had a retrospective cohort
design (6-10, 14, 17-22, 24, 28, 29, 32) and 11 a prospective cohort design (11-13,
15, 16, 23, 25-27, 30, 31). There were no randomised controlled trials. Sixteen
studies reported data on admitted women with COVID-19, eight reported data on all
pregnant women and three reported data on a selected group of women, such as

pregnant women with hypertension. Seven studies performed universal screening
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and testing to assess for COVID-19, nine studies did symptom-based testing, four
studies did risk-based testing on the basis of epidemiological history and clinical
manifestations by National Health Commission of China (NHCC) guidelines(33) and
in seven studies the testing strategy was not known. From the 27 studies, 21
reported on pregnancy specific interventions, consisting of 18 studies reporting on
mode of delivery and three on type of anaesthesia. Six studies reported on

pharmacological interventions and 11 on non-pharmacological interventions.

Quality of the included studies

Evaluation of study quality using the Newcastle Ottawa scale was overall low for

26 out of 27 studies. The risk of bias for study selection was low for 26 out of 27
studies, with one study scoring medium due to assessed outcome perceived to be
present at study inception. Eleven out of 27 studies had a low risk of bias for the
comparability of cohorts, on the basis of both design and selection. Thirteen studies
had a medium and three a high risk of bias respectively for comparability. Risk of
bias of study outcome was low in 25 out of 27 studies and medium in two out of 27
studies, due to either inadequate follow-up length or incomplete accountability of

outcomes for all subjects at study termination.

Pregnancy specific interventions for COVID 19

Figure 2 — Association between mode of delivery and maternal outcomes in pregnant

women with COVID-19

14



Cesarean section Vaginal delivery Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Alay 12020 4 10 0 4 19.5% 6.23 [0.26, 146.76] -
Ferrazi E 3 18 1 24 35.1% 4.60 [0.44, 48.47] L
Martinez-Peres O 2020 9 41 0 41 23.5% 24.26[1.36,432.48] _—
Vigel-De Gracia P (2) 2020 1 8 1 7 21.9% 0.86 [0.04, 16.85]
ICU admission (1>=0%) Total (95% CI) 77 76 100.0% 4.99 [1.24, 20.12] -
Maraschini A 2020 23 48 24 98 94.2% 2.84[1.37, 5.89] ——
Martinez-Peres O 2020 5 41 0 41 5.8% 12.51[0.67,233.99] >
Maternal pneumonia (12=0%) Total (95%CI) 89 139 100.0% 3.09 [1.52, 6.28] <
Brandt ]S 2020 5 14 2 47  24.7% 12.50 [2.09, 74.81) —_—
Chen L 5 63 2 5 22.9% 0.13 [0.02, 0.96] S —
Khoury R 2020 44 100 31 141 34.5% 2.79 [1.59, 4.89] —a—
Vigel-De Gracia P (2) 2020 2 8 7 18.0% 2.00 [0.14, 28.42] -
Severe/critical covid (12=74%) Total (95% CI) 185 200 100.0% 1.89 [0.39, 9.24]

—

L L n
0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Eighteen studies provided data on mode of delivery and the relation with maternal

and/ or neonatal outcomes (1020 women). (Figure 2) There was a significant

association between caesarean section and admission to ICU (OR 4.99, 95% CI

1.24 to 20.12), and diagnosis of maternal COVID-19 pneumonia as defined by study

authors (OR 3.09, 95% CI 1.52 to 6.28), although in one of the two studies reporting

on pneumonia it was not clear if this was COVID-19 pneumonitis. There were no

associations between mode of delivery and severe COVID-19.
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Figure 3 — Associations between mode of delivery and neonatal outcomes in

pregnant women with COVID-19

Cesarean section Vaginal delivery Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Alay 12020 10 11 4 4 43.9% 0.78 [0.03, 22.98] =
Biasucci G 2020 0 6 0 9 Not estimable
Martinez-Peres O 2020 41 44 41 41 56.1% 0.14 [0.01, 2.85] + i
Tang F 2020 0 15 0 5 Not estimable
APGAR < 7> 5 min(12=0%) Total (95%Cl) 76 59 100.0% 0.30 [0.03, 2.83] e
Martinez-Peres O 2020 3 41 3 41 100.0% 1.00 [0.19, 5.27]
Neonatal acidosis (I>=NA) Total (95%CI) 41 41 100.0% 1.00 [0.19, 5.27]
Alay 12020 0 10 0 4 Not estimable
Anand P 2020 3 25 4 40 33.5% 1.23[0.25, 6.01] D | a—
Biasucci G 2020 2 6 1 9 11.7% 4.00 [0.27, 58.56]
Ferrazi E 1 18 2 24 13.7% 0.65 [0.05, 7.75]
Lopian M 2020 0 4 1 17 7.5% 1.22 [0.04, 35.40]
Martinez-Peres O 2020 2 41 0 41 9.0% 5.25[0.24, 112.88]
Oncel MY 2020 3 89 1 36 16.0% 1.22 [0.12, 12.14]
Tang F 2020 3 15 0 5 8.6% 3.08 [0.13, 70.33]
Neonatal covid (1>=0%) Total (95% ClI) 208 176 100.0% 1.59 [0.63, 3.99] ’
CaoD 0 8 0 2 Not estimable
Vigel-De Gracia P (2) 2020 1 8 0 7 100.0% 3.00 [0.10, 86.09] .
Xul 0 4 0 1 Not estimable
Neonatal death (12=NA) Total (95% Cl) 20 10 100.0% 3.00 [0.10, 86.09] —’
Alay 12020 4 10 0 4 7.1% 6.23[0.26, 146.76] >
Ferrazi E 1 18 2 24 11.6% 0.65 [0.05, 7.75]
Martinez-Peres O 2020 14 41 8 41 70.4% 2.14[0.78, 5.85] ——
Vigel-De Gracia P (2) 2020 3 8 1 7 10.9% 3.60 [0.28, 46.36]
NICU admission (12=NA) Total (95% Cl) 77 76 100.0% 2.13 [0.91, 4.95] i
Alay 12020 7 10 1 4 4.7% 7.00 [0.50, 97.75]
Bertino E 2020 2 7 1 5 4.4% 1.60 [0.10, 24.70]
Biasucci G 2020 1 6 0 9 2.9% 5.18[0.18,150.45]
Cao D 3 8 0 2 3.0% 3.18[0.12, 87.92]
Coronado-Arroyo JC 2020 7 17 1 3 4.9% 1.40 [0.11, 18.61]
Ferrazi E 6 18 5 23 16.8% 1.80 [0.45, 7.25] —_——
Lopian M 2020 1 4 1 17 3.5%  5.33[0.26, 110.80] >
Martinez-Peres O 2020 18 41 7 41 31.3% 3.80[1.37, 10.55] —
Tang F 2020 3 15 0 5 3.3% 3.08 [0.13, 70.33]
Vielma 0S 2020 7 23 3 36 14.9% 4.81[1.10, 21.11] —
Vigel-De Gracia P (2) 2020 4 8 3 7 7.8% 1.33[0.17, 10.25] —
XulL 2 4 0 1 2.5% 3.00[0.08, 115.34] >
Preterm birth (12=0%) Total (95% Cl) 161 153 100.0% 3.03 [1.71, 5.36] B
Vigel-De Gracia P (2) 2020 1 8 0 7 100.0% 3.00 [0.10, 86.09] =
Stillbirth (1>=NA) Total (95% CI) 8 7 100.0% 3.00 [0.10, 86.09]
0.01 0.1 1 10 100

There was a significant association between mode of delivery and preterm birth.

Women who had a preterm birth were more likely to have the baby via caesarean

Favours [experimental] Favours [control]

section (OR 3.03, 95% CI 1.71 to 5.36). There were no associations between mode

of delivery and a low Apgar score, neonatal acidosis, neonatal covid, neonatal death,

NICU admission or stillbirth. (figure 3)

Only three studies reported on the type of anaesthesia and maternal or neonatal

outcomes. (Zhang, Martinez and Chen R). Zhang et al described a Chinese multi-

centre cohort of 89 COVID-19 positive women (90 neonates) who underwent a
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caesarean section with either locoregional or general anaesthesia.(10) Of the 90
neonates, 11 were born by general anaesthesia caesarean section of which five had
an Apgar score lower than eight after five minutes. Seventy-nine neonates were born
by caesarean section under locoregional anaesthesia of which one had an Apgar
score lower than eight after five minutes. In the study by Martinez et al (41 women)
more women who underwent a caesarean section under general anaesthesia had
severe COVID-19 (2 out of 7) compared to women who had locoregional
anaesthesia (2 out of 32).(17) Chen R et al gives a retrospective study of 17 cases of
which three women underwent general anaesthesia for caesarean section, however
no relevant maternal outcomes were reported according to our outcome
definitions.(8) There were no adverse neonatal outcomes, like neonatal death,

neonatal acidosis, neonatal covid-19 positive babies and low Apgar scores.

Pharmacological interventions for treatment of COVID-19 in pregnancy

Six studies (599 women) reported on pharmacological treatment of COVID-19 in
pregnancy, which included: antiviral treatment, (systemic) corticosteroids, antibiotics
and immunotherapy; however, the types and doses of the medications were not
specified. The number of pregnant women exposed to intervention were small
despite the big denominators, hence it was not possible to do a meta-analysis and
make a conclusion about pharmacological interventions for COVID-19 treatment in
pregnancy. (Table 1)

Table 1 — Pharmacological interventions for treatment of pregnant women with
COVID-19

Pharmacol Drug type (reference) Nr of Wome Outcomes in exposed Outcomes in non-
ogical studies n exposed
interventio (total nr expos
ns of ed to
woman) inter-
ventio

n

17



Antiviral lopinavir—ritonavir, 1(77) 25 Severe or critical Severe or critical COVID-
remdesivir, or COVID-19* (8/25) 19* (6/52)
darunavir (12)

Not specified (9, 13, 3 (439) 118 CS (4/5); preterm CS (0/0); preterm delivery

26) delivery (2/5); maternal (0/0); maternal death
death (11/112); maternal (25/176); maternal
COVID-19 pneumonia COVID-19 pneumonia
(0/1) (47/145)

Remdesivir (24) 1(61) 2 Severe or critical Severe or critical COVID-
COVID-19¢ (2/2) 191 (5/59)

Antibiotics Not specified (Mostly 4 (289) 50 CS* (5/5); preterm CS* (0/0); preterm
penicillins or delivery (2/5); maternal delivery (0/0); maternal
cephalosporins) (13) COVID-19 pneumonia COVID-19 pneumonia

(2/14); severe or critical ~ (45/132); severe or critical
COVID-19*t (14/31); COVID-19*t (8/107);
neonatal death (0/5) neonatal death (0/0)

Corticoste Dose and type not 1 (66) 7 CS* (2/3); preterm CS* (2/2); preterm

roids specified (9, 24) delivery (2/3); severe/ delivery (0/2); severe/
critical COVID-19t (4/4); critical COVID-19t (3/57);
neonatal death (0/3) neonatal death (0/2)

Antimalari  Hydroxychloroquine 4 (306) 32 CS* (0/1); preterm CS* (4/21); preterm

als (12, 13, 18, 24) delivery (0/1); maternal delivery (3/21); maternal
COVID-19 pneumonia COVID-19 pneumonia
(2/8); ICU admission (45/138); ICU admission
(0/1); severe/ critical (1/21); severe/ critical
COVID-19*t (10/23); COVID-19*t (11/115);
neonatal COVID-19 neonatal COVID-19
positive (0/1); NICU positive (0/21); NICU
admission (0/1) admission (2/21)

Combinati  Antivirals and 1 (146) 5 Maternal COVID-19 Maternal COVID-19

on of antibiotics (13) pneumonia (4/5) pneumonia (43/141)

interventio
ns
Hydroxychloroquine 2 (168) 15 CS* (1/1); preterm CS* (4/21); preterm
and antibiotics (13, 18) delivery (0/1); maternal delivery (3/21); maternal
COVID-19 pneumonia COVID-19 pneumonia
(8/14); ICU admission (39/132); ICU admission
(0/1); neonatal COVID- (1/21); neonatal COVID-
19 positive (0/1); NICU 19 positive (0/21); NICU
admission (1/1) admission (3/21)

Hydroxychloroquine 2 (168) 10 CS* (0/2); preterm CS* (3/20); preterm

and antivirals (13, 18) delivery (0/2); maternal delivery (2/20); maternal
COVID-19 pneumonia COVID-19 pneumonia
(7/8); ICU admission (40/138); ICU admission
(0/2); neonatal COVID- (1/20); neonatal COVID-
19 positive (0/2); NICU 19 positive (0/20); NICU
admission (0/2) admission (2/20)

Hydroxychloroquine 1 (146) 20 Maternal COVID-19 Maternal COVID-19

and antibiotics and pneumonia (17/20) pneumonia (30/126)

antivirals (13)

Targeted antibiotics 1 (146) 2 Maternal COVID-19 Maternal COVID-19

(13)

pneumonia (0/2)

pneumonia (47/144)

*CS=Caesarean Section ICU=Intensive Treatment Unit NICU=Neonatal Intensive Care Unit
*severe or critical COVID-19 is defined as need for urgent delivery based on maternal respiratory
function and/or ICU or subintensive care admission during pregnancy or the postpartum period
tsevere COVID-19 is defined as dyspnoea, respiratory frequency >30/min, blood oxygen saturation

<93%, partial pressure of arterial oxygen to fraction of inspired oxygen ratio <300, and lung
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infiltrates >50% on chest x-ray; and critical COVID-19 was defined as respiratory failure, septic shock,
and multiple organ failure

Non-pharmacological interventions for COVID-19 in pregnancy

Eleven studies reported on non-pharmacological interventions, of which mechanical
ventilation was reported in 6 studies and oxygen administration in 8 studies. In total
1738 women were included in these studies and 240 were exposed to interventions,
28 patients had mechanical ventilation and 212 had oxygen administration. (Table 2)
There were no studies reporting on proning during pregnancy and no studies were
found that report on extracorporeal membrane oxygenation (ECMO), haemodialysis

or inotropic treatment.

Table 2 — Non-pharmacological interventions for treatment of pregnant women with

COVID-19
Non- Type Nr of Women Outcomes in exposed Outcomes in non-
pharmaco- studies exposed exposed
logical (total nr to inter-
interven- of vention
tions woman)
Mechanical Invasive respiratory 2 (434) 40 Maternal death (21/27); Maternal death (15/261);
ventilation  support (13, 26) maternal COVID-19 maternal COVID-19
pneumonia (10/13) pneumonia (37/133)
Not specified (20, 4 (531) 15 Preterm delivery (1/2); Preterm delivery (3/35);
23, 24, 30) maternal death (1/4); maternal death (6/304);
severe/ critical COVID-191  severe/ critical COVID-
(1/1); neonatal death (0/2); 19t (6/60); neonatal
neonatal COVID-19 death (1/35); neonatal
positive (1/8); NICU COVID-19 positive
admission (1/2) (3/117); NICU admission
(4/35)
Oxygen Nasal cannula (9) 1(5) 1 CS (1/1); preterm delivery ~ CS (1/1); preterm
admini- (1/1); neonatal death (0/1)  delivery (1/1); neonatal
stration death (0/1)
Oxygen supportor  5(1133) 215 CS (26/30); preterm CS (65/156); preterm
non-invasive delivery (15/30); maternal delivery (37/156);
ventilation (9, 12, death (5/166); maternal maternal death (32/739);
14, 26, 27) COVID-19 pneumonia maternal COVID-19
(22/28); severe/ critical pneumonia (25/118);
COVID-19* (11/20); NICU  severe/ critical COVID-
admission (14/30); stillbirth  19* (3/57); NICU
(0/29) admission (23/160);
stillbirth (7/152)
Not specified (19, 3(130) 26 Preterm delivery (0/1); ICU  Preterm delivery (4/36);

20, 24)

admission (2/18); severe/
critical COVID-19¢t (7/7);
neonatal death (0/1); NICU
admission (0/1)

ICU admission (0/14);
severe/ critical COVID-
191 (0/54); neonatal
death (1/36); NICU
admission (5/36)
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Nasal cannula, 1(42) 7 CS (5/7) CS (13/35)
CPAP (14)

*CS=Caesarean Section ICU=Intensive Treatment Unit NICU=Neonatal Intensive Care Unit
*severe/critical COVID-19 is defined as need for urgent delivery based on maternal respiratory
function and/or ICU or subintensive care admission during pregnancy or the postpartum period
tDyspnoea, respiratory frequency 230/min, blood oxygen saturation <93%, partial pressure of
arterial oxygen to fraction of inspired oxygen ratio <300, and lung infiltrates >50% on chest x-ray;
and critical disease was defined as respiratory failure, septic shock, and multiple organ failure

Discussion

Summary of findings

All interventions, either pregnancy specific or COVID-19 related interventions in
pregnant women diagnosed with the disease were poorly reported. None of the
randomised trials reported outcomes specific for pregnant women. The RECOVERY
Trial included outcomes however this has yet to be published,

Pregnancy-specific interventions, such as the mode of delivery or the type of
anaesthesia appears to be related with severity of disease, but not with perinatal
outcomes. We are unable to ascertain the temporality on all cases. There is an
association with caesarean section and the likelihood of being admitted to ICU or
due to adverse effects of COVID-19 pneumonia.

We provide estimates of the expected rates of outcomes in women exposed to
various pharmacological treatment of COVID-19 and non-pharmacological
interventions such as oxygen administration and ventilation, however comparative
data for pregnant women, in particular for treatments proven to be effective in the

general population, is lacking, to provide clinically meaningful interpretation.

Strengths and limitations of this review
To our knowledge this is the first systematic review looking into management and
treatment of pregnant women with COVID-19. We did this in a structured manner
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and included not only pharmacological treatment, but also non-pharmacological and
pregnancy specific interventions, such as mode of delivery. We also looked at the
quality of the studies. We refrained from doing meta-analysis for non-comparative
cohorts. We set strict criteria whether a paper would be considered. The studies we
have included are clear about the included women, the treatment given and the
outcomes reported. If the relation between treatment and outcome were not clear,
the paper would be excluded. Extensive collaboration and capturing of data through
different databases allowed for a big pool of studies to be reviewed. There was no

language restrictions.

We were limited by the paucity of the data and the heterogeneity in the participants.
We could not establish the temporality for some of the interventions such as
caesarean section as it is possible that some women admitted to ICU for severe
COVID-19 might have had caesarean section for maternal reasons. There were no
randomised controlled trials, and it is very likely that the intervention was influenced
by the characteristics of the participant, the setting and the availability of resources
as most of the trials were in high income settings and there is the issue of
generalisability, and therefore the rate of outcomes may not reflect the effect of
treatment, but it could be more indicative of the underlying severity of the disease of
the mother. We were also restricted with producing meta-analysis for most of the
data due to the small number of reported treatment and outcomes and could only

provide narrative sentences for those interventions.

Comparison with existing evidence
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Pregnant women are known to be more often affected by severe COVID-19 than
women in the general population.(1) In our systematic review, we found an
association between having a caesarean section and being admitted to ICU or
having a COVID-19 pneumonia. This, however, may be influenced by pregnancy. By
performing a caesarean section, the concern of impaired lung capacity due to the
gravid uterus is diminished. Delivery allows for more option of treatment postpartum
and minimised the risk of causing harm to the fetus in-utero and ventilation is easier

postpartum.

The association we found between mode of delivery and preterm birth is also likely
to reflect the severity of the need for more intensive treatment. The PregCOV-19
Living Systematic Review estimated the risk of preterm birth at approximately 17%,

of which approximately 94% were iatrogenic.(1)

The Royal College of Anaesthetists came up with a recommendation of types of
anaesthesia to be offered to pregnant women with COVID-19, however, to date, no
trials have been done in regards to management or outcomes for such women. The
RCoA recommends epidural analgesia in labour to minimise the need for general
anaesthesia if urgent delivery is required.(34) In the event of a caesarean delivery, it
is recommended to avoid general anaesthesia unless absolute necessary for

standard indications.

With regards to pharmacological interventions for treatment of COVID-19,
corticosteroids, in particular betamethasone, are beneficial when people are

admitted in hospital and require oxygen support.(35) To date there is no subgroup
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analysis performed on pregnant women, but the RCOG and WHO made the
statement that no harm is expected from steroid use, although the first choice should
be prednisolone, instead of dexamethasone, because prednisolone is extensively

metabolised in the placenta resulting in minimal transfer to the fetus. (2, 36)

The use of antiviral medication, such as Remdesivir, is currently not recommended
by WHO in patients with COVID-19.(2) The RCOG guideline, like the WHO
guideline, recommends avoiding Remdesivir, unless clinicians believe the benefit of
the treatment outweighs the risks, although no randomised controlled data for
pregnant women has been published.(2, 36) There is sufficient data that tocilizumab,
an interleukine-6 antagonist improves outcomes, including survival, in hospitalised
patients with hypoxia with evidence of systemic inflammation. (37) NICE guidance
recommends using tocilizumab in hospitalized patients that are having or had
completed a course of steroids, an increase of C-reactive protein (CRP) >75, the
need for supplemental oxygen, or within 48 hours of initiaiting mechanical ventilation.
The data for the use of tocilizumab in pregnancy is scarce, but there is no adverse
effects reported to date. The RCOG advice is to offer tocilizumab to pregnant women
when they fit the criteria and the decision is taken by a multi-disciplinary team (MDT)
and given the benefits outweigh the risks. Although we had some studies included
which looked at the effects of hydroxychloroquine and antibiotics, this has now been
shown to be not beneficial and is not recommended for either non-pregnant patients

or pregnant women.(2, 38)

The same treatment principles applies to pregnant women as to non-pregnant

patients with regards to non-pharmacological interventions, such as oxygen
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supplementation or mechanical ventilation. A very gravid uterus can cause difficulty
in regards to ventilation and the need for supplemental oxygen. This is due to the
increased demand of oxygen in pregnancy due to the higher metabolic rate and the
increased consumption of oxygen.(39) Mechanical ventilation is more difficult when a
woman is pregnant, due to the gravid uterus, lung capacity can be impaired and it
can be difficult to get the required volumes to support adequate ventilation.(40, 41) In
the presence of ARDS, proning has been proven to help ventilate patients.(42) This
cannot be practiced when a patient has a wound of a caesarean section or when she
is over 34 weeks pregnant, the heavily pregnant uterus can make this position more
difficult. Furthermore, after 24-28 weeks there is the risk of aortocaval compression
when proning a pregnant woman. Although there are no trials performed with
pregnant woman, there are techniques describing how proning can be done in this
particular group of patients.(41) The authors of this article describe how they place
pillows in a specific way to place the pregnant woman in a comfortable position

without compromising the pregnancy.

Relevance for clinical practice and research

A hurdle which was acknowledged and acted upon during the pandemic was that of
recruitment of COVID-19 positive patients into trials. Traditionally, pregnant women
have been excluded from clinical trials. There are concerns of the effect of the drugs
on fetus both in short term and long term which has led to the reluctance in
evaluating the use of drugs in pregnancy. Researchers have previously highlighted
their concerns regarding the issue of pregnant women being excluded from trials
during various endemics and pandemics and COVID-19 has highlighted this issue

even more.(43) To date only three international trials worldwide have involved
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pregnant women.(44) The SOLIDARITY trial now includes pregnant women, and the
RECOVERY trial allows pregnant and lactating women to participate with informed
consent. Though the numbers are small, the acceptance and initiative are a step

forward in health sciences.

In summary, we need more data involving pregnant women in clinical trials. Where
trials are not available we need more data on the outcomes when drugs are given in
clinical practice. Interventions and outcomes as shown in this article do appear to be
associated with the severity of the disease. There is a paucity of data in regards to

pregnant and postnatal women and clinical trials need to include pregnant women.
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