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Learning Objectives

At the conclusion of this activity, participants will be able to:
1. Describe the Centers for Disease Control and Prevention (CDC) 

recommendations for the use of remdesivir in treating COVID-19.
2. Explain the CDC recommendations for the use of dexamethasone in 

treating COVID-19.
3. Comprehend and apply the appropriate escalation of supplemental 

oxygen in patients with COVID-19.
4. Recognize indications for escalation of care to the Intensive Care 

Unit (ICU) for patients with COVID-19.
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• Accumulated knowledge
• Past experiences
• Risk

• Future Therapeutics
• Vaccines

• Current Status
• Current Therapeutics
• Risks

Where are 
we going?

Where 
are we 
now?

What do 
we 

know?
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Main References

• National Institutes of Health (NIH) Coronavirus Treatment guidelines 
(NIH, 2021)
• https://www.covid19treatmentguidelines.nih.gov/
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Confirmed New Cases

250,000 x 0.17 (U.S. CFR) = 4,250deaths per day

~120,000 deaths per month

(nytimes.com, 2020)



(fortune.com, 2020) 10



Pathophysiology
How does it function?
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(Jin et al., 2021)
(cdc.gov, n.d.) 14

(cdc.gov, n.d.)

Pathophysiology



(Gupta et al., 2020)
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Pathophysiology
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Stages of 
Disease

(Siddiqi et al., 2020)
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ARDS- Acute Respiratory Distress Syndrome; Pa02- Partial Pressure of 
Oxygen; Fi02- Fraction of Inspired Oxygen; SIRS- Systemic Inflammatory 
Response Syndrome



Critical Illness- Respiratory Failure, Septic Shock or 
Multi organ dysfunction

Severe Illness- SpO2 <94%, PaO2/FiO2 < 300 mm Hg, 
tachypnea > 30 bpm, pulmonary infiltrates > 50% 

Moderate Illness- E/o lower respiratory disease, but 
with SpO2 > 94%

Mild Illness- S/sx but without SOB, dyspnea or 
abnormal radiography 

Asymptomatic/Presymptomatic- No S/sx of COVID

COVID Severity of Illness

81%

14%

5%

18Sp02- Saturation of Peripheral Oxygen; E/o- Evidence of; SOB- Shortness of Breath; S/sx- Signs and 
symptoms

(Wu, et al., 2020)



Symptoms
What do we expect clinically?
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…And have 
COVID-19

20(Workman Publishing, 2016)



• National Notifiable Diseases Surveillance System (NNDSS)

• 1.3 million women from Jan22-Oct3 2020 with laboratory + COVID
• Pregnancy status available for 460k (35.5%)
• 30k pregnant (6.6%)

• 89% of women were symptomatic

(Zambrano et al., 2020)
21



Most common symptoms were cough (50%), fever 
(32%), muscle aches (37%) and headache (43%).

(Zambrano et al., 2020)
22

Most Common Symptoms



• Multi-focal
• Rounded 
• Bilateral
• Ground glass opacities
• Peripheral 

• Superimposed, 
intralobar septal 
thickening (i.e. “crazy 
paving”

(Simpson et al., 2020)
24

Chest CT Findings



(Simpson et al., 2020)
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GGO- Ground-glass Opacity

Recommended CT Reporting Language



Most symptoms are less prevalent in pregnant women 
than non-pregnant women

(Zambrano et al., 2020) 27

Symptomatology



Pregnant women had an absolute risk reduction (aRR) of 3.0 for 
admission to the Intensive Care Unit (ICU)

(Zambrano et al., 2020) 28

Risk of Adverse Outcomes



Pregnant women had an aRR of 2.9 for invasive ventilation

Women aged 35-44 were at especially high risk
(Zambrano et al., 2020) 29

Risk of Adverse Outcomes



Pregnant women had an aRR of 2.4 for Extracorporeal 
Membrane Oxygenation (ECMO)

(Zambrano et al., 2020) 30

Risk of Adverse Outcomes



Pregnant women had an aRR of 1.7 for death

(Zambrano et al., 2020) 31

Risk of Adverse Outcomes



Racial Disparities with COVID-19

• Hispanic women are overrepresented in the COVID+/symptomatic 
population
• COVID+ : 30% Hispanic/24% White 
• General pregnant population: 24% Hispanic/51% White

• Hispanic women were at increased for death (aRR = 2.4)

• Regardless of pregnancy status, non-Hispanic Black women were at 
increased risk for death (Odds Ratio (OR)= 3.1)

(Zambrano et al., 2020) 32



Coronavirus

Influenza

VS

33cdc.gov, n.d.)



Comparison to Influenza

• Common knowledge says pregnancy= high risk from influenza
• Metaanalysis of 4k pregnant women has questioned this knowledge 

for SEASONAL influenza
• Adjusted Odds Ratio (aOR)= 6.8 for hospitalization (95% Confidence Intervals 

(CI), 6.02-7.68)
• aOR= 0.57 for ICU admission (95% CI, 0.48-0.69)
• aOR= 1.0 for death (95% CI, 0.75-1.34)

• Prior studies have found increased risk with PANDEMIC influenza 
(H1N1 etc)

34
(Mertz et al., 2019) 
(Creanga et al., 2011)



H1N1 + H3N2

(cdc.gov, 2020)
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Recommendations

• Inform pregnant women of the risk of severe COVID associated illness
• Inform pregnant women of s/sx of COVID
• Limit unnecessary contact with people who may have been exposed
• When going out:
• Wear a mask
• Social distance
• Avoid people not wearing masks
• Wash hands frequently

• Keep up to date with general heath (seasonal flu vaccine, prenatal 
care)

(Zambrano et al., 2020) 36
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(ACOG.org, n.d.)
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Treatments
What can we do?

39
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CDC COVID
Treatment 
Guidelines

(NIH.gov, 2021)



Stages of 
Disease

(Siddiqi et al., 2020)

Antivirals
• Remdesivir

Immune modulators
• Corticosteroids
• Interferons, Interleukin (IL) 

inhibitors, kinase inhibitors
Blood derived products
• Convalescent Plasma
• Intravenous

Immunoglobulin (IVIG)
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Remdesivir

• Nucleoside analogue of 
adenosine

• Prematurely terminates 
ribonucleic acid (RNA) 
replication

• Food and Drug Administration 
(FDA) approved for adults and 
peds (>age 12)

• FDA Emergency Use 
Authorization (EUA) peds < 12 
years

42

(stock.adobe, n.d.)



Remdesivir
(Seley-Radtke, 2020) 
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Remdesivir Pregnancy

• Pregnant women were excluded from all of the remdesivir clinical 
trials

• Well tolerated with few serious adverse side effects during 
compassionate use

• Should not be withheld unless otherwise contraindicated

(Burwick et al., 2020) 44



Remdesivir Clinical Trials

• Adaptive COVID-19 Treatment Trial 
(ACCT-1)
• Multinational, RCT
• 1000 participants
• Remdesivir (200 mg x 1d, 100 mg x 

8d) vs Placebo

Primary Endpoint = Clinical 
Improvement
1. Not hospitalized, no limitations
2. Not hospitalized, with limitations
3. Hospitalized, no active medical 
problems
4. Hospitalized, not on oxygen
5. Hospitalized, on oxygen
6. Hospitalized, on high-flow oxygen or 
non-invasive mechanical ventilation
7. Hospitalized, on mechanical 
ventilation or ECMO
8. Death

(Beigel et al., 2020) 45



Remdesivir Clinical Trials
Positive

• Reduced the time to recovery
• Clinical improvement was higher 

on Day 15 (OR 1.5; 95% CI, 1.2-1.9)
• Hospitalized, on oxygen (group 5)

• Recovery rate 1.45, 95% CI, 1.18-1.79
• HR for death 0.28; 95% CI, 0.12-0.66

Negative

• Patients on high flow oxygen 
(group 6)
• Recovery rate 1.09; 95% CI 0.76-

1.57
• HR for death 0.82; 95% CI, 0.40-

1.69

• Patients on mechanical 
ventilation/ECMO
• Recovery rate 0.98; CI

(Beigel et al., 2020) 46



Remdesivir Clinical Trials

• Randomized Controlled Trial (RCT) China
• Single site study in China
• Planned enrollment of 450, but stopped after 237
• No improvement in time to clinical improvement -21d vs 23d
• 28-day mortality was similar
• Viral load (VL) at baseline and rate of decrease of VL were similar
• Multiple possible confounders

• 65% received steroids
• 30% received lopinavir/ritonavir
• 30% receive Interferon Alfa (IFA)

(Wang et al., 2020) 47



Remdesivir Clinical Trials

• Open label RCT
• Single site 
• SARS-CoV-2 + “moderate” pneumonia (radiographic findings and SpO2>94%)
• 600 patients (200 x 3 randomization groups

• 10-days Remdesivir
• 5-days Remdesivir
• Standard treatment

• Remdesivir [200 mg x 1 then 100 mg once a day (qday)]

(Spinner et al., 2020)
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Remdesivir Clinical Trials
Positive

• 5-day remdesivir had better 
clinical status distribution on day 
11 vs Standard care (OR 1.65; 
95% CI 1.09-2.48)
• More hospital d/c by day 28 in 

remdesivir group (90% vs 83%)
• Low mortality in all groups (1-

2%)

Negative

• Clinical status distribution for 10-
day remdesivir was not different 
from standard care
• Higher proportion of patients in 

standard care received 
hydroxychloroquine (HCQ), 
lopinavir/ritonavir or 
azithromycin

(Spinner et al., 2020) 49



Remdesivir Clinical Trials

• Remdesivir Length of Treatment Trial
• Manufacturer sponsored, multinational, randomized, open label trial
• 400 patients (200 per group)

• 10-day group had worse initial status compared to 5-day group
• Age >12 with SARS-CoV-2 +radiographic pulmonary infiltrates
• All had SpO2< 94% or were receiving supplemental O2, however, mechanical 

ventilation or ECMO were excluded
• Remdesivir 10 days vs 5 days (200 mg x 1d, 100 mg qday) 
• Primary endpoint was time to clinical status on Day 14

(Goldman et al., 2020)
50



Remdesivir Clinical Trials
Positive

• None

Negative

• Day 14 distribution was similar 
between groups
• Time to achieve clinical 

improvement was similar 
• Median duration of hospitalization 

was similar (7 days vs 8 days)
• Serious adverse events (AE) were 

more common in 10-day group 
35% vs 21%

(Goldman et al., 2020) 52
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Other Anti-virals

• Hydroxychloroquine/Chloroquine
• EUA granted 28 Mar 2020
• EUA rescinded 15 Jun 2020

• Ivermectin

• Lopinavir/Ritonovir

54



Stages of 
Disease

(Siddiqi et al., 2020) 

Antivirals
• Remdesiver

Immune modulators
• Corticosteroids
• Interferons, IL inhibitors, 

kinase inhibitors
Blood derived products
• Convalescent Plasma
• IVIG

55



Convalescent Plasma

• Used since 1800
• Initially used for diphtheria
• Only RCT showing efficacy was 

published in the 1970’s
• Argentine Hemorrhagic Fever

• Observational studies with 
severe acute respiratory 
syndrome (SARS) have 
suggested efficacy

56



Convalescent Plasma

• Mayo Clinic Expanded Access 
Program 
• No difference in 7-day mortality 

between low and high titer 
• In non-intubated patients

• 7 day mortality was decreased from 
14% to 11% for high vs low titers

• In patients < 80, treatment within 72 
hrs of sx
• 7-day mortality decreased from 11.3% 

to 6.3%  for high vs low titer

(uscovidplasma.org, 2020)
57



Convalescent Plasma Safety

• Mayo Clinic Expanded Access 
Program
• 20k patients 

• 13 deaths (0.06%) 
• 83 non-fatal serious adverse effects
• 37 transfusion-associated circulatory 

overload (TACO) (0.18%)
• 20 transfusion-related acute lung 

injury (TRALI) (0.10%)
• 26 Allergic reactions (0.13%)

(Joyner et al., 2020)

• Life threatening Adverse events
• 87  venous thromboembolism 

(VTE) (0.16%)
• 406 Hypotension (0.27%)
• 643 Cardiac events (0.37%)

• Overall mortality 8.6%
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Immunoglobulins

• IVIG SARS-CoV-2
• RCT are in development, but not yet 

enrolling

• IVIG non-SARS-CoV-2
• Retrospective, non-randomized 

trial performed in China showed 
no benefit
• Significant limitations
• Commonly used in pregnancy 

(neonatal alloimmune 
thrombocytopenia (NAIT) etc) and 
has good safety profile
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Monoclonal Antibodies

• FDA has issued EUA for two 
neutralizing monoclonal antibodies
• Casirivimab/Imdevimab (Regeneron)
• Bamlanivimab (Eli Lilly)

• For treatment of mild/moderate 
COVID
• Not requiring hospitalization
• At high risk for progression to severe 

COVID
• Should NOT be withheld from 

pregnant patients at high risk

(fda.gov, 2020)-Casirivimab/Imdevimab
(fda.gov, 2020)- Bamlanivimab

60
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Monoclonal Antibodies

• High Risk Conditions:
• Body Mass Index (BMI) ≥ 35
• Chronic kidney disease (CKD)
• Diabetes mellitus (DM)
• Immunosuppressive disease
• ≥ 65
• ≥ 55 years and have cardiovascular 

disease (CVD) or hypertension 
(HTN) or chronic obstructive 
pulmonary disease (COPD)

• High Risk Pediatric conditions:
• Age 12-17 with…

• BMI > 85%
• Hemoglobin sickle cell (Hgb SS) 

diagnosis
• Congenital or acquired heart disease
• Neurodevelopmental disorders
• Medical-related technological 

dependence
• Asthma requiring daily medication

(fda.gov, 2020)- Casirivimab/Imdevimab
(fda.gov, 2020)- Bamlanivimab
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Monoclonal Antibodies

• Benefit has not been observed in patients 
hospitalized

• May be associated with worse outcomes in 
hospitalized patients requiring high-flow 
nasal cannula (HFNC) or mechanical 
ventilation

• Not authorized for …
• Hospitalized due to COVID-19
• Require O2 due to COVID-19
• Require an increased in baseline O2 for those 

on chronic supplemental O2

(fda.gov, 2020)- Casirivimab/Imdevimab
(fda.gov, 2020)- Bamlanivimab
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Stages of 
Disease

(Siddiqi et al., 2020)

Antivirals
• Remdesiver

Immune modulators
• Corticosteroids
• Interferons, IL inhibitors, 

kinase inhibitors
Blood derived products
• Convalescent Plasma
• IVIG

63



Corticosteroids

• Corticosteroids have potent anti-inflammatory effects 

• Steroids have decreased mortality in other respiratory diseases (PCP), 
however were associated with delayed viral clearance in Middle East 
respiratory syndrome (MERS) and SARS

• Corticosteroids have also been shown to decrease all cause mortality and 
length of mechanical ventilation in ARDS patients 

64



RECOVERY 
Trial

• National Health Services (NHS) study
• Ongoing, multicentre, open label study
• 6400 patients (2100- dexamethasone; 4300-

standard care)
• Primary endpoint
• All cause mortality at 28 days after 

randomization
• Secondary endpoints- not yet reported
• Time to hospital discharge
• Cause specific mortality
• Need for renal replacement
• Major cardiac arrhythmia
• Receipt and duration of mechanical 

ventilation
(Recovery Collaborative Group et al., 2020) 65



RECOVERY Trial Results

• Dexamethasone decreased mortality at 28-days
• 22.9% vs 25.7%; RR 0.82; 95% CI, 0.75-0.94

• Benefit was greatest in those who required mechanical ventilation
• 29.3% vs 41.3%; RR 0.82; 95% CI, 0.51-0.81

• Mortality was decreased among those who required supplemental O2
• 23.3% vs 26.2%; RR 0.82; 95% CI, 0.72-0.94

• There was no survival benefit in those who didn’t require O2
• 17.8% vs 14.0%; RR 1.19; 95% CI, 0.91-1.55

(Recovery Collaborative Group et al., 2020) 66



World Health 
Organization 
(WHO)         
Meta-analysis 

• 7 studies including 1700 critically ill patients
• 678 received corticosteroids
• 1000 received standard care

• Mortality was decreased with corticosteroids
• 32.7% vs 41.5%; OR 0.66; 95% CI, 0.53-0.82
• Dexamethasone: 1200 patients; OR 0.64; 95% CI, 

0.50-0.82
• Hydrocortisone: 374 patients; OR 0.69; 95% CI, 

0.42-1.12
• Methylprednisolone: 47 patients; OR 0.91; 95% 

CI, 0.29-2.87

(WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group et al., 2020) 
67



WHO Meta-analysis of Corticosteroids

• Limitations
• Trials varied in many ways-

• RECOVERY Trial accounted for 60% of patients
• Several studies ended enrollment after RECOVERY preliminary report was released

• Not all studies required confirmed SARS-CoV-2 infection
• RECOVERY Trial had approximately 89% confirmed SARS-CoV-2

Results are likely driven primarily by the results of RECOVERY Trial

(WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group et al., 2020) 68



Corticosteroids for Fetal Lung Maturity

• Corticosteroids for fetal lung maturity should be considered for all 
women admitted to the ICU and women deemed to be high risk for 
preterm delivery (PTD)

• In women receiving Dexamethasone for treatment of COVID-19
• Give 6 mg twice a day (BID) x 4 doses (2 days)
• …then, 6 mg qday x 8 doses to complete 10-day course

• Benefit from late preterm steroids (34w0d – 36w6d) may not 
outweigh potential risk of worsening pulmonary status or increased 
viral shedding in patient not otherwise on dexamethasone

69
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Interferons (IFNs)/Interleukins

• IFNs are naturally occurring cytokines (proteins) with antiviral 
properties
• Prior studies with SARS/MERS showed no effect
• British biotech reported 79% decrease in development of severe COVID 

after treatment with inhaled IFN beta 1-a

• Interleukins are inflammatory cytokines elevated in COVID
• IL-1 (Anakinra) and IL-6 (Tocilizumab et al) inhibitors have been studied, 

but have not shown efficacy.
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COVID & Venous 
Thromboembolism 

(VTE)
What is the risk?

What is happening?

75



(Gupta et al., 2020)
76

Pathophysiology



COVID & VTE

• Leads to increased risk of VTE
• Similar increased risk of VTE was seen in SARS, but not MERS

• Huge amount of current ongoing research
• Meta-analysis included 66 studies

• Suggested pathomechanisms
• High prevalence of deep vein thrombosis (DVT) (up to 90%) leads to high 

prevalence of pulmonary embolism (PE)
• Diffuse alveolar and vascular damage, microangiopathy and inflammation leads to in 

situ pulmonary thrombi

77



14% overall prevalence of VTE in 
hospitalized COVID-19 patients

9% prevalence of VTE in 
UNSCREENED populations

40% prevalence of VTE in 
SCREENED populations

(Nopp et al., 2020)
78

COVID & VTE



In ICU Patients, overall prevalence of VTE was 22%, PE was 14% and DVT was 19%

Using routine screening protocols, prevalence of VTE and DVT can be as high as 45-50%

ICU Patients

(Nopp et al., 2020)
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In non-ICU Patients, overall prevalence of VTE was 8%, PE was 3.5% and DVT was 4%

Non-ICU Patients

(Nopp et al., 2020)
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VTE Prophylaxis in COVID

• Mortality at 14-22 days was similar between VTE ppx and 
intermediate/therapeutic dosing
• PE was reduced from 98/1,000 à 10/1,000; OR 0.09
• Incidence of DVT or VTE were not significantly reduced
• Major bleeding increased from 84/1,000 à 260/1,000; OR 3.84

…suggests using prophylactic-intensity over intermediate-intensity or therapeutic-intensity 
anticoagulation in patients with COVID-19 related critical illness who do not have suspected 
or confirmed VTE…

(American Society of Hematology, 2020) 
81



VTE Prophylaxis in COVID

• Caveats:
• An individualized assessment of the patients risk of thrombosis and bleeding 

is important
• Unfractionated heparin (UFH) may be preferred over low-molecular-weight heparin 

(LMWH) due to ability to reverse if needed for delivery
• LWMH may be preferred for patients receiving prophylaxis (ppx) anticoagulation due to 

decreased provider interaction

• Higher intensity anti-coagulation may be preferred in patients at high 
thrombotic risk and low bleeding risk

• There is no high-quality evidence comparing different types of 
anticoagulation

(American Society of Hematology, 2020) 
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ICU Considerations
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Key Points
• Many Obstetric providers are uncomfortable in 

an ICU setting

• Many Intensivists have limited experience caring 
for pregnant/postpartum women….

• …and are therefore uncomfortable caring for a 
pregnant woman

• Both of you have knowledge that is needed to 
adequately care for a critically ill woman
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Maternal Adaptations 
to Pregnancy

• In pregnancy, nearly every 
system undergoes adaptation

• Clearly discuss normal and 
abnormal physiology

• Don’t assume anything is 
common knowledge

85(ACOG.org, 2019)



Maternal Acid Base Status

“Normal” PaCO2 in pregnancy represents impending 
respiratory failure

86
(Hegewald et al., 2011)



Indications for 
Intensive Care

• Inability to maintain Sp02 > 95%

• Hypotension despite resuscitation

• New onset end organ damage

(Society for Maternal Fetal Medicine, 2021)
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Escalation of Supplemental Oxygen

Room Air

Nasal 
Cannula

High Flow 
Device

Mechanical 
Ventilation

ECMO

Clinical Ward

IMC/ICU
ICU
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Low Tidal Volume Ventilation

• Tidal volume (VT) 4-6 mL/kg of predicted 
BW
• Plateau pressure (Pplat) < 30 cc H2O
• Positive end-expiratory pressure (PEEP) 

adjusted as needed
• Standard of care for non-pregnant ARDS 

patients
• ARDSNET study showed mortality benefit
• Decreases barotrauma
• Decreases inflammatory activation

• Permissive Hypercapnia
• pH 7.35, PaCO2 > 45 mmHg well tolerated 
• Not studied in pregnancy
• Sheep studies have shown decreased 

uteroplacental blood flow if PaCO2 > 60  
mmHg

(Marik, 2015)
90

(stock.adobe, n.d.)



Low Tidal Volume Ventilation (LTVV)

• Options if LTVV fails…
• Prone positioning
• Neuromuscular blockade 
• Pulmonary vasodilators [i.e. inhaled Nitric 

Oxide (iNO)]
• Alternative ventilatory modes

• Airway pressure release ventilation 
(APRV) may be better option in pregnancy

• ECMO
• Low VT strategies are reasonable
• If Low VT fails, APRV may be better 

option than high VT strategies
Low Tidal Volume Ventilation is reasonable in pregnant women with ARDS

(Dennis et al., 2018) 
(Marik, 2015) 
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Other Considerations

• Analgesia
• All opioids are acceptable

• Sedation
• Most benzodiazepines (BDZ) are appropriate
• Propofol is acceptable, but…
• Propofol infusion syndrome may occur faster than in 

non-pregnant women
• Data is limited for dexmedetomidine, but likely ok

• Pulmonary vasodilators (iNO, inhaled prostacyclins)
• Considered salvage therapy in refractory hypoxemia
• Do not decease ventilator free days, ICU stay or 

mortality, but may improve oxygenation
• Length of benefit may be temporary
• Limited data in pregnancy, but can be trialed if needed

• Neuromuscular blockade
• NMB has shown benefit in mod/severe ARDS
• Limited data in pregnancy
• Acceptable if needed

• Vasopressors-
• Limited data, but essentially mirrors Surviving 

Sepsis guidelines
• Norepinephrine generally considered 1st line
• Phenylephrine 2nd line
• All acceptable if needed
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Learning Objectives

1. Describe the CDC recommendations for the use of remdesivir in 
treating COVID-19

2. Explain the CDC recommendations for the use of dexamethasone in 
treating COVID-19

3. Comprehend and apply the appropriate escalation of supplemental 
oxygen in patients with COVID-19

4. Recognize indications for escalation of care to the ICU for patients 
with COVID-19
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Key Takeaways
• The CDC recommends giving remdesivir to hospitalized COVID-19 patients 

on supplemental O2, but not requiring high flow supplemental oxygen or 
mechanical ventilation
• The CDC recommends giving dexamethasone to hospitalized COVID-19 

patients who require supplemental O2, high flow supplemental oxygen or 
mechanical ventilation
• The appropriate escalation of therapy for hypoxemia is room air à nasal 

cannula à high flow oxygen device à mechanical ventilation à ECMO.  
Therapy should be escalated until ventilation is sufficient to maintain a 
PaO2 of > 70 mmHg (~SpO2 95%) for pregnant patients.
• Indications for transfer to the ICU include an inability to maintain PaO2 > 

70 mmHg, hypotension despite adequate ventilation or any sign of other 
end organ dysfunction
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(Society for Maternal Fetal Medicine, 2021)
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Questions?
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