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Aims and objectives

• Review pharmacologic considerations in pregnant persons with COVID-19

• Routinely used medications

• Antenatal corticosteroids

• Magnesium sulfate

• Low-dose aspirin

• Analgesia and Anaesthesia

• Thromboprophylaxis

• Experimental medications 



Antenatal Corticosteroids
• Obstetric indication

• Reduces risk of  perinatal death, respiratory distress syndrome, intraventricular 
haemorrhage, necrotising enterocolitis, need for respiratory support and neonatal 
intensive care unit admission

• Strength of  evidence 
• For 24-34 weeks’ gestation – Very strong
• Under 24 and above 34 weeks – Moderate

• Controversy
• Increased risk of  mortality in a systematic review of  30 studies examining their use as 

adjunctive treatment for influenza [Lansbury L, et al. Cochrane 2019;2(2):Cd010406 ]

• However, only included one RCT, and the certainty of  evidence from observational studies was 
deemed to be low, because of  the potential for confounding by indication

• Recommendations
• Should be administered if  risk for preterm birth between 24 and 34 weeks
• Caution should be exercised in those under 24 and above 34 weeks of  gestation



Magnesium sulfate

• Obstetric indications
• Seizure prophylaxis in patients with preeclampsia – all gestational ages
• Fetal neuroprotection – especially under 30 weeks of  gestation 

• Controversy
• Increased risk of  maternal respiratory muscle weakness but no risk of  respiratory 

failure [Bain ES, et al. 2013] 
• Magnesium toxicity in those with renal impairment 

• Recommendation
• Use when indicated, albeit cautiously in those with hypoxia and renal compromise
• Consider modified dosage regimens, for e.g. single bolus dose and monitoring of  

magnesium levels



Low-dose aspirin
• Obstetric indication 
• From 11 weeks, 75-162mg aspirin – reduces incidence of  placentally-medicated 

pregnancy complications (preeclampsia, fetal growth restriction, preterm birth)
• Controversy
• Coronaviruses bind to target cells through ACE-2 receptors [Letko M et al. Nat 

Microbiol 2020;5(4):562-9]
• Given possible increased expression of  ACE-2 in patients taking ibuprofen, 

concerns were initially raised about use of  NSAIDs in patients with COVID-19 
[Day M. BMJ. 2020;368:m1086].
• A rapid systematic review showed no association between NSAID use and severe 

adverse events, increased acute health care utilization, decreased long-term 
survival, or reduced quality of  life in patients with COVID-19 [WHO]

• Recommendation
• Continue routine administration since benefits outweigh hypothetical risks

ACE = angiotensin converting enzyme; NSAIDs = non-steroidal anti-inflammatory drugs; WHO = World Health Organization



Thromboprophylaxis
• Venous thromboembolism 
• All three mechanisms of  Virchow’s triad 

are activated in severe COVID-19
• reduced mobility, 
• a prothrombotic state and 
• endothelial activation

• High rates of  deep vein thrombosis 
and pulmonary embolism in studies 
from around the world 
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of 41 patients,3 again arguing for a pathology centred 
around pneumocytes and adjacent tissue path ology, rather 
than systemic viral infection (figure 2).36,44

A role for the ACE2 receptor in cardiovascular biology 
predates the link between pulmonary pathology and 
COVID-19 pneumonia. Genetic deletion of ACE2 in 
rodents was associated with ventricular contractility 
defects, but there was no evidence of cardiomyopathy or 
fibrosis.45 The link between ACE2 downregulation in lung 
tissue (either in genetically manipulated mice or mice 
treated with SARS spike protein) and increased inflam-
mation suggests a relatively simple model, in which 
coronavirus infection of ACE2-expressing cardiomyocytes 
or cardiac endothelium might trigger a similar inflam-
matory pathology. In the most comprehensive study of 
cardiac involvement in patients who died from SARS, viral 
RNA was detectable in a third of post-mortem cardiac 
tissues and was associated with both decreased ACE2 
expression and increased macrophage infiltration.37 The 
same study showed no evidence of myocyte necrosis or 
lymphocytic infiltration, which are both hallmarks of viral 
myocarditis.37,46 Overall autopsy reports, including those 
emerging in COVID-19, vary from showing no clinically 
significant pathology or infiltrating macrophages, and 
some reports of occasional infiltrating CD4 T cells.33

The cardiac pathology in COVID-19 pneumonia needs 
evaluation in view of known cardiovascular comorbidities, 
including hypertension and pulmonary intravascular 
coagulopathy, as well as the MAS-like state with associated 
hypoxaemia and secondary pulmonary artery hyper-
tension. The hypercytokinaemia that is part of the MAS-
like state could modify ACE2 expression independently of 
viraemia. One key cytokine characteristic of MAS-like 
pathology, interferon-γ, has been shown to downregulate 
ACE2 expression on an epithelial cell line; however, this 
finding has not been reported for heart cells.47 Therefore, 
reported changes in the heart tissue, including endo-
thelium, could represent a cytokine and hypoxia effect 
rather than direct viral infection.

Laboratory data indicate early pulmonary 
intravascular coagulopathy
The key early laboratory observations in patients with 
COVID-19 pneumonia include elevated plasma D-dimer 
concentrations in conjunction with elevated cardiac mark-
ers, including brain natriuretic peptide, creatine kinase, 
and troponin T.48 Elevation of troponin T at hospitalisation 
is linked to a poor prognosis.48 Similarly, a 2020 study 
reported that elevated plasma levels of fibrin degrada-
tion products, including D-dimers, constitutes a signifi-
cant inde pendent biomarker of poor prognosis.6 For 
example, Zhou and colleagues23 reported that 117 (68%) of 
172 patients presenting with COVID-19 had increased acti-
vation of coagulation, as indicated by elevated D-dimer 
concentra tions at presentation (>0·5 ug/mL). Importantly, 
D-dimer concentrations above 1 µg/mL were associated 
with an 18 times increased odds ratio for fatal outcome.23 
Further more, progressive elevation of D-dimer and fibrin 
degrada tion products were seen in non-survivors.23 How-
ever, despite this increase in D-dimers, patients with 

Figure 2: Extent of alveolar lung surface involved in COVID-19 and 
bronchopneumonia
(A) Some coronavirus family members gain access to the lungs via the ACE2 
receptor that is expressed most abundantly on a subpopulation of type II 
pneumocytes. Shaded boxes indicate the much greater capability for 
immunothrombosis given the alveolar tropism of SARS-CoV-2. (B) Segmental 
bronchopneumonia (eg, bacterial and influenza) typically has a different lung 
distribution, with prominent bronchial tree involvement, including 
haemorrhagic destruction of trachea and large airways,20 and generally patchy 
alveolar network disease. There might be large areas with normal perfusion. 
The slow evolution of COVID-19 with alveolar hypoxia and microthrombosis 
might result in pulmonary arterial hypertension and the cardiac picture that 
mostly occurs with hypoxaemia and raised D-dimers. The scale of alveolar and 
microvascular inflammation, rather than systemic viral infection per se, 
determines the cardiovascular pattern of disease. Nonetheless, segmental 
bronchopneumonia could result in a degree of immunothrombosis sufficient to 
cause a cardiac event, especially in older patients with known or silent cardiac 
disease. ACE2=angiotensin-converting enzyme 2. COVID-19=coronavirus 
disease 2019. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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Panel: Immune factors contributing to pulmonary 
intravascular coagulopathy

• Diffuse alveolar damage and inflammation
• Diffuse interstitial inflammation
• Extensive pulmonary macrophage activation (MAS-like)
• Dysregulation of pulmonary innate immune responses 

(eg, ACE2 receptor expression downregulation)
• Adaptive immune responses to COVID-19
• Activation of innate immunity with older age
• Age-related coagulation cascade changes
• Mechanical ventilation forcing viral immunostimulatory 

molecules into microvasculature, increasing the 
propensity towards immunothrombosis

MAS=macrophage activation syndrome. ACE2=angiotensin-converting enzyme 2. 
COVID-19=coronavirus disease 2019. 6 www.thelancet.com/rheumatology   Published online May 7, 2020   https://doi.org/10.1016/S2665-9913(20)30121-1
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immunothrombosis, in containment of bacterial infection 
and spread is well established, but its role in viral infection 
is not so well known.58 Likewise, the role of local pulmonary 
intravascular immunity and its effects on the phenotype 
of pulmonary intravascular coagulopathy is completely 
unknown.59 Nevertheless, access to the circulation in an 
artificial adenovirus model system triggers a MAS-like 
phenomenon with disseminated intravascular coagula-
tion.60 The role of positive pressure ventilation as a factor 
driving release of viral nucleic acids and proteins across 
damaged alveolar endothelial cell barriers is another factor 
that needs consideration as a potential iatrogenic con-
tributor to immunothrombosis and poor outcomes.

Experimental SARS models have shown that normal 
aged primates have a similar degree of viral replication as 
younger primates, but that aged primates have more pul-
monary damage and lower activation of type 1 interferon 
responsive gene pathways.61 At the molecular level, aged 
primates showed exacerbated innate immune res ponses 
associated with NF-kB pathway activation, such as ele-
vated IL-8 and expression of tissue factor, which activates 

the extrinsic clotting pathway protein.61 It is well 
established that type 1 interferon responses decrease with 
age in humans,62 and also in response to viral infection, 
but the age at which this transition occurs needs better 
definition.63 Viral or age-related impairment in type 1 
interferon production appears to be associated with a 
second wave of inflammatory cytokine production and 
tissue factor expression that might substantially con-
tribute to pulmonary intravascular coagulopathy.8

Implications of pulmonary intravascular 
coagulopathy
The role of anticoagulation in the setting of COVID-19 
pulmonary intravascular coagulopathy is of considerable 
interest. Expert recommendations for the use of anti-
coagulants have already been published, reflecting the rec-
ogni tion of clotting dysregulation.64 The potential relevance 
of anticardiolipin antibodies in the critical care setting of 
COVID-19 is also recognised, but is of uncertain clinical 
significance.65 However, some data are available, mostly 
derived from prospective cohort studies. In a study of 
nearly 450 patients with COVID-19, low molecular weight 
heparin (mostly used in prophylactic doses rather than 
therapeutic doses) did not confer an overall survival 
advantage.49 However, the regimen was associated with 
improved survival in the group with a high sepsis-induced 
coagulopathy score and in patients with D-dimer con-
centrations that were more than six times the upper limit 
of normal.49 The role and timing of anticoagulation in 
this extensive virus-related immuno thrombosis, especially 
where pulmonary haemorrhaging occurs, needs careful 
considera tion. In disseminated intravascular coagulation, 
thrombosis and bleeding might occur simultaneously, and 
the same scenario also appears to arise in pulmonary 
intravascular coagulopathy (figure 3).

Given the MAS-like pathology of COVID-19 pneumonia, 
the question arises whether anticytokine therapy will 
ameliorate the diffuse immunothrombosis process associ-
ated with severe cases. In the translational setting, the use 
of the IL-1β blocker canakinumab is associated with a 
decreased risk of all-cause cardiovascular mortality,66 with 
an increased benefit in patients with the most dramatic 
reductions in serum IL-6.67 Unlike in low grade arterial 
inflammation in the absence of overt infection, it is still 
unclear whether severe COVID-19-associated MAS with 
pulmonary intravascular coagulopathy will be successfully 
targeted with these strategies; ongoing viral infection 
might represent a major hurdle in this context.8 In the past 
year, it has also emerged that the coagulation and immune 
systems are directly linked via thrombin cleavage of IL-1α 
from macrophages and platelets.68 This novel mechanism 
is of special interest with regard to anakinra, which blocks 
both the IL-1α and IL-1β pathways, whereas monoclonal 
antibodies (eg, canakinumab) selectively block IL-1β.68 

The most crucial question for optimal therapeutic 
strategies is whether the emergent early activation of 
coagulopathy and fibrinolysis in patients with COVID-19 

Figure 3: Pulmonary intravascular coagulopathy in COVID-19 pneumonia
Scheme showing how extensive COVID-19 lung involvement with large anatomical interface between infected 
type II pneumocytes, extensive interstitial immunocyte activation similar to macrophage activation syndrome, 
and the extensive pulmonary microvascular network, triggers diffuse pulmonary bed extrinsic inflammation with 
immunothrombosis. This inflammation causes microthrombotic immunopathology that leads to right ventricular 
stress and contributes to mortality. Diffuse type II pneumocyte centric pathology with extension into the 
interstitium leads to extensive pulmonary macrophage recruitment and activation, resulting in a clinical picture 
similar to local macrophage activation syndrome. Proinflammatory and procoagulants gain access to the capillary 
network (lower circle). The low pressure nature of the vascular system and thin vessel walls in and proximal to the 
alveolar network triggers immunothrombosis by various mechanisms (eg, local elevations in proinflammatory 
cytokines), vessel wall tissue damage with tissue factor production, and direct injury to small vessels. Vigorous 
fibrinolytic activity (detected early by D-dimer elevation) might not keep in check the extensive microthrombi 
formation, leading to the evolution of pulmonary infarction, haemorrhaging, and pulmonary hypertension 
induced by pulmonary intravascular coagulopathy, all of which are driven by COVID-19 inflammation. Thus, risk 
factors for cardiovascular disease might increase the likelihood of death in severe COVID-19 inflammation. 
COVID-19=coronavirus disease 2019.
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• Decisions on thromboprophylaxis 
should consider:
• disease severity, 
• timing of  delivery in relation to disease 

onset
• inpatient versus outpatient status, 
• underlying comorbidities, and 
• contraindications to the use of  

anticoagulation. 
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• Anticoagulants (Heparins)
• Low-molecular weight heparin has 

distinct advantages over unfractionated 
heparin
• Heparins can only reduce risk of  VTE, 

not immunothrombosis – increasing 
the dose of  anticoagulants is unlikely 
to reduce risk of  clots, but will increase 
bleeding complications. 

• Other treatments
• Anti-cytokine therapy
• Antivirals
• Correction of  hypoxia
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Peripartum analgesia and anaesthesia

• Nitrous oxide may be administered for labour analgesia while using 
appropriate personal protective equipment
• Intravenous remifentanil patient-controlled analgesia should be used 

with caution in patients with respiratory depression
• Liberal use of  neuraxial labour analgesia may reduce the need for 

emergency general anaesthesia which results in aerosolization. 
• Short courses of  non-steroidal anti-inflammatory drugs can be 

administered for postpartum analgesia, but opioids should be used 
cautiously due to risks of  respiratory depression. 



Experimental drugs - corticosteroids

• RECOVERY Trial
• Hospitalized patients with COVID-19

• 2014 participants: Dexamethasone 6mg orally or IV for up to 10 days
• 4321 participants: routine care

• 22.9% vs. 25.7% died within 28 days
• Difference most pronounced in those on mechanical ventilation or needing oxygen
• Six pregnant patients

• Recommendations
• Corticosteroids may be administered in pregnant patients needing oxygen or on 

mechanical ventilation [NIH]



Other experimental medications
• Although hydroxycholoroquine, lopinavir/ritonavir and remdesivir may 

be used during pregnancy and lactation within the context of  clinical 
trials, data from non-pregnant populations have not shown benefit

• The role of  monoclonal antibodies (tocilizumab), immunomodulators 
(tacrolimus), interferon, inhaled nitric oxide and convalescent plasma in 
pregnancy and lactation needs further evaluation

10.1002/uog.23116



AVAILABLE EVIDENCE FOR THE USE OF EXPERIMENTAL MEDICATIONS IN PREGNANCY AND BREASTFEEDING 
MEDICATION  

Pregnancy Risk 
Breastfeeding 

Teratogenicity  Other toxicity  
ANTIMALARIALS 
Chloroquine    
Hydroxychloroquine    
ANTIVIRALS 
Lopinavir/Ritonavir [protease inhibitors/ booster drug    
Tenofovir [Nucleoside reverse transcriptase inhibitor]    
Remdesivir [Adenosine nucleotide analogue]    
Ribavirin [Guanosine nucleotide analogue and inhibits RNA polymerase]    
Emtricitabine [Nucleoside reverse transcriptase inhibitor]    
Favipiravir [RNA polymerase inhibitor]    
Nitazoxanide [First-in-class broad spectrum antiviral]    
BIOLOGICS (Monoclonal antibodies) 
Tocilizumab [Humanized monoclonal anti-IL-6 antibody]    
Eculizumab [Humanized monoclonal anti-C5 (terminal complement) antibody]    
Sarilumab [Humanized monoclonal anti-IL-6 antibody]    
Bevacizumab [Humanized monoclonal anti-VEGF-A antibody   
Emapalumab [Humanized monoclonal anti-interferon-ɣ antibody]   
Siltuximab [Chimeric monoclonal anti-IL-6 antibody]   
Nivolumab [Humanized monoclonal anti-IgG4 antibody against PD-1 receptor]   
IMMUNOMODULATORS 
Anakinra    
Tacrolimus [Calcineurin inhibitor]    
Sirolimus [Inhibitor of mTORC1]    
Thalidomide    
Fingolimod [Sphingosine-1-phosphate receptor modulator]    
Baricitinib [Janus Kinase inhibitor]    
Tofacitinib [Janus Kinase inhibitor]    
Ruxolitinib [Janus Kinase inhibitor]    
Recombinant human interferon α1b and α2b    
Angiotensin Converting Enzyme inhibitors/ Angiotensin receptor blockers    
Camostat Mesylate and Nafamostat    
Bromhexine hydrochloride [Inhibits serine protease TMPRSS2]   
Convalescent Plasma   
Corticosteroids    
Colchicine     
Azithromycin [Macrolide antibiotic]   

Legend Compatible; Benefits>Risk Limited data; probably compatible Weigh risks vs. benefits Limited data; potential risk Contraindicated No human data 



The Moral Imperative to Include Pregnant Women in Clinical Trials of
Interventions for COVID-19
Isabelle Malhamé, MD, MSc; Rohan D’Souza, MD, PhD; and Matthew P. Cheng, MDCM

Worldwide, more than 8.5 million cases of severe
acute respiratory syndrome–related coronavirus

2 (SARS-CoV-2), with over 450 000 deaths, have been
reported (1). Although advanced age and comorbid
conditions have been associated with an increased risk
for severe coronavirus disease 2019 (COVID-19), se-
vere morbidity and mortality has been reported across
all age groups and in the absence of comorbid condi-
tions (1). Due to physiologic changes, pregnant women
are more susceptible to severe manifestations from cer-
tain viral infections, and they are at higher risk for hypox-
emia and acute respiratory distress syndrome (ARDS)
(2). While the vast majority of pregnant women with
COVID-19 experience mild disease (3), some progress to
critical illness, and maternal deaths have been reported
(4, 5). Of importance, some maternal deaths occurred
among women who were treated with a combination of
investigational agents, including hydroxychloroquine, os-
eltamivir, azithromycin, and lopinavir–ritonavir, outside of
the purview of randomized controlled trials (RCTs) (5).

Since 1994, the Institute of Medicine has recom-
mended that pregnant women be presumed eligible
for participation in clinical studies and the Tri-Council
Policy Statement on the Ethical Conduct for Research
Involving Humans (TCPS2 2018) states under Article
4.3: “Women shall not be inappropriately excluded
from research solely on the basis of their reproductive
capacity, or because they are pregnant or breastfeed-
ing.” However, pregnant women continue to be sys-
tematically excluded from clinical trials. Although the
number of clinical trials for patients with COVID-19 has
rapidly expanded, 52% and 46% of these trials either
excluded pregnant women or failed to address preg-
nancy, respectively (6). The lack of information on ther-
apeutic agents in pregnancy could lead to major con-
sequences (7). First, treatment may be delayed or
denied due to concerns of exposure to a potentially
harmful agent. Second, the lack of pregnancy-specific
pharmacokinetic data may lead to under- or overtreat-
ment, and inappropriate dosing could result in sub-
therapeutic drug levels or unanticipated maternal
and/or fetal toxicity. Third, there is a risk for inappropri-
ate treatment from the use of therapies that are neither
effective nor safe in pregnancy.

Several novel therapies are currently being evaluated
for treatment of COVID-19. For instance, hydroxychloro-
quine, lopinavir–ritonavir, remdesivir, and tocilizumab
have available human pregnancy data on teratogenicity
and other nonteratogenic fetal toxicity, which could be
used to inform the consent procedures of clinical trials
and provide reassurance that participation should be con-
sidered. A meta-analysis of 7 observational cohorts and 1

RCT, including 740 hydroxychloroquine-exposed infants
and 1130 unexposed controls, found no increase in major
congenital malformations, stillbirth, or preterm birth (8).
Antiretroviral pregnancy registries have not found any re-
lationship between birth defects, fetal loss, or preterm de-
livery and lopinavir–ritonavir use in more than 3000
women with HIV. Although human data are limited, no
increased risks for adverse pregnancy outcomes were re-
ported in 6 pregnant women exposed to remdesivir in an
RCT testing investigational therapies for Ebola virus dis-
ease. A prospective cohort describing 180 pregnancies
exposed to tocilizumab found no increase in congenital
abnormalities over the population baseline. Given these
data, the relative safety of these investigational therapies
in pregnancy in the context of clinical trials should be
openly discussed. Where human pregnancy safety data
are unavailable or limited, trials using investigational ther-
apies with animal safety data could be specifically de-
signed to monitor for adverse pregnancy outcomes, tera-
togenicity, and fetal toxicities. These trials could be
conducted in parallel to phase 3 trials in the general pop-
ulation, avoiding the exposure of pregnant women to
drugs that have failed in phase 1 and 2 trials (7).

As the standard of care for hospitalized patients
with COVID-19 in many centers across the world in-
cludes participation in a clinical trial, we not only have
the opportunity but also an obligation to offer partici-
pation to pregnant women. Indeed, the exclusion of
pregnant women from clinical trials reduces external
validity of study results, prevents improved outcomes
known to result from participation in trials, and renders
a disservice to women with COVID-19 who would be
denied therapeutic agents in the future because of min-
imal safety data in pregnancy. It must be recognized
that the participation of pregnant women in clinical tri-
als involves additional complexity, including adminis-
trative and logistic challenges surrounding study over-
sight, supplementary procedures for monitoring safety,
and additional scientific considerations, such as the
need for larger sample sizes to assess for effect modi-
fication. These potential barriers can be identified and
addressed a priori to permit the broader inclusion of
pregnant women in clinical trials. Moreover, given po-
tential alterations in pharmacokinetic and pharmacody-
namic drug characteristics in pregnancy (7), adequate
dosing of investigational therapies is an important ele-
ment to consider during trial design. In the absence of
available data to guide dosing, enhanced monitoring
with dedicated pharmacokinetic and pharmacodynamic
studies could be performed for pregnant women en-
rolled in late phase 2 and 3 trials (7). An adaptive trial
design would be ideal in this context, so as to allow for

This article was published at Annals.org on 29 June 2020.
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