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Background: Coronavirus-2019 (COVID-19) is a global health crisis, but there is limited guidance for the critical
care management of pregnant patients experiencing respiratory collapse. We describe our management of a
peri-viable pregnant patient requiring intubation; discussion includes pharmacologic interventions, mechanical
ventilation adjustments, and consideration of fetal interventions, including delivery timing.
Case: A 36-year-old, gravida 2, para 1 woman positive for COVID-19 at 23weeks of gestation with severe disease
required admission to the intensive care unit and intubation. She completed 5 days of hydroxychloroquine and
7 days of prednisone. Shewas successfully intubated after 8 days and discharged home in a stable conditionwith-
out preterm delivery on hospital day 11.
Conclusion: Fortunately, the patient responded to aggressive respiratory supportwith intubation andmechanical
ventilation early upon presentation. It is unclear whether our institution's empiric use of hydroxychloroquine
and prednisone facilitated her recovery. We hope that our report helps other institutions navigate the complex
care surrounding pregnant patients with severe COVID-19 pneumonia requiring intensive care.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Coronavirus-2019 (COVID-19) can cause viral pneumonia with
rapid deterioration into acute respiratory distress syndrome requiring
intubation. Pregnant patients with respiratory collapse secondary to
COVID-19 present multiple management challenges. We present the
case of a COVID-19-positive, 36-year-old woman at 23 weeks of gesta-
tion presentingwith severe respiratory compromise. Her clinical course,
medical management, and critical care interventions are described.

2. Case

A 36-year-old, African American, gravida 2, para 1 woman with a
history of hypothyroidism, morbid obesity (body mass index 41.53 kg/
m2), and hyperlipidemia initially presented at 23 weeks and 0 days of
gestation with a 3-day history of cough, myalgias and shortness of
breath. She was employed as a healthcare worker and had had contact
with COVID-19 patients. At presentation she was found to be febrile to
39.0 °C and tachycardic with a maximum heart rate of 105 beats/min;
MI 48152, USA.
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initial chest x-raywas unremarkable. She had normal oxygen saturation
on room air, was tested for COVID-19 and discharged home in a stable
condition with instructions to self-quarantine. COVID-19 testing
returned positive the following day and the patient was contacted via
telephone and notified of her results.

She returned to labor and delivery 6 days later with worsening
symptoms. She was tachypneic to 28 breaths/min and required 3 L of
supplemental oxygen via nasal cannula. Repeat chest x-ray bilateral air-
space densities. The patient rapidly decompensated and oxygen was ti-
trated up to 10 L via nasal cannula. She was then transitioned to 15 L on
a non-rebreather mask and transferred to the intensive care unit for es-
calation of care.

The infectious disease department was consulted and it recom-
mended initiation of hydroxychloroquine 400 mg loading dose for 2
doses and then 200 mg twice daily for a total of 5 days and oral predni-
sone 80 mg twice daily for a total of 7 days. Intramuscular
betamethasone 12 mg once daily for 2 doses was also given due to the
potential need for preterm delivery. COVID-19 laboratory values
(Table 1) were drawn and were significant for elevated aspartate ami-
notransferase at 62 IU/L, total creatine phosphokinase at 531 IU/L, c-
reactive protein at 14.7 mg/dL and decreased absolute lymphocytes at
0.13 K/uL (0.13 mm3). Upon arrival at the intensive care unit she was
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
COVID-19 Laboratory Values

COVID-19 laboratory values Reference range HD 1 HD 2 HD 3 HD 4 HD 5 HD 6 HD 7 HD 8 HD 9

High sensitivity troponin (ng/L) b19 b18 b 18 b 18
Procalcitonin (ng/mL) b0.25 0.22
Hematocrit (%) 36–46 30.2 26.8 25.3 24.1 28.3 28.8 28.1 28.3 27.5
Hemoglobin (g/dL) 12.0–15.0 10.6 8.7 8.7 8.2 9.4 9.8 9.3 9.4 9.1
Platelet count (K/uL) 150–450 376 437 481 486 571 574 538 542 512
Fibrinogen (mg/dL) 200–450 495
AST (IU/L) b35 62 33 25 28 24 20 20 30 25
ALT (IU/L) b52 43 26 26 24 24 22 23 32 32
Bilirubin, total (mg/dL) b1.2 0.9 0.5 0.4 0.3 0.4 0.4 0.5 0.5 0.6
Bilirubin, direct (mg/dL) 0–0.3 0.4 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1
LDH, total (IU/L) b250 343 313 262 304 248 277 240 243 201
Triglycerides (mg/dL) 40–200 260 886 871
CPK, total (IU/L) b178 531 145 106 76 78 147 81 390 339
Interleukin 6 (pg/mL) ≤5 b 5 6
Ferritin (ng/mL) 11–307 43 33 32 25 24 22 17 19 19
C-reactive protein (mg/dL) b0.5 14.7 4.2 2.8 6.2 9.0 4.6 1.8 2.3
D-Dimer, quantitative (ug/mL) b0.5 0.57 2.46 2.82
Lymphocytes absolute (K/uL) 1.1–4.0 0.13 0.14 0.16 1.33 1.04 2.39 1.16 1.25 2.3

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CPK, creatine phosphokinase; HD, hospital day; LDH, lactate dehydrogenase.
To convert the values for bilirubin to micromoles per liter, multiply by 17.1. To convert the values for fibrinogen to micromole per liter, multiply by 0.0294. To convert the values for tri-
glycerides to millimoles per liter, multiply by 0.0113. To convert the values for ferritin to picomoles per liter, multiply by 2.247. To convert the values for platelets to millimeters cubed,
multiply by 1.
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intubated for increased work of breathing and profound hypoxia with a
partial pressure of oxygen (PO2) of 75.6 mmHg on arterial blood gas.
Her initial ventilator settings (Table 2) were the following: tidal volume
at 400 mL, respiratory rate at 16 breaths/min, positive end-expiratory
pressure (PEEP) at 5 cm H2O, and fraction of inspired oxygen (FiO2) at
100%. A discussion with the patient's durable power of attorney desig-
nee was completed regarding indications for delivery and potential
need for emergency cesarean delivery based on both maternal and
fetal status. A decision was made to conduct fetal heart rate monitoring
3 times daily for 20 min to assess fetal status and allow for delivery in
case of significant fetal compromise. The patient had central and arterial
lines inserted; of note, the arterial line required replacement multiple
times due to thrombosis despite venous thromboembolism prophylaxis
with enoxaparin 40 mg subcutaneously daily. The patient completed
her full course of hydroxychloroquine and prednisone. Her maximum
PEEPwas 12 cmH2Owhile ventilated. After 7 days of intubation, the pa-
tient was able to beweaned to a PEEP of 5 cmH2O and a FiO2 of 50% and
was successfully extubated. She was placed on a high-flow nasal can-
nula at 30 L, which was weaned down to 6 L. She was transferred to
labor and delivery on hospital day 10 for de-escalation of care. She
wasweaned down to nasal cannula at 2 L on hospital day 10 and on hos-
pital day 11 patient was on room air. Her oxygen saturation at rest was
96%–98% and with ambulation 92%–93%. The patient was successfully
discharged on hospital day 11 in a stable condition.
3. Discussion

Pneumonia during pregnancy is associatedwith increasedmorbidity
and mortality compared to the nonpregnant state [1–3]. A quarter of
women diagnosed with pneumonia in pregnancy require hospitaliza-
tion, often critical care, and many need ventilatory support [4]. While
the treatment of acute respiratory distress syndrome in pregnancy gen-
erally mirrors that in the non-pregnant population, it remains unclear if
COVD-19 pneumonia in pregnancy has a single characteristic clinical
course or ismore variable. Some recent authors have proposed different
clinical ‘phenotypes’ of COVID-19 pneumonia depending on infection
severity, ventilatory responsiveness, and time elapsed fromonset of dis-
ease. These authors posit an initial ‘Type L' presentation (low elastance,
ventilation to perfusion ratio, lung weight, and lung recruitability)
followed by ‘Type H' (high elastance, right-to-left shunt, lung weight,
and lung recruitability) [5]. Optimal intensive care interventions and
ventilatory support settings require an appreciation of the potential var-
iable clinical course of COVID-19 pneumonia, particularly in pregnancy.

The physiologic changes of pulmonary function during pregnancy
are important to account for in the setting of respiratory collapse and
mechanical ventilation. The normal compensated respiratory alkalosis
of pregnancy (PCO2 28–32 mmHg) should inform the selected respira-
tory rate, although ‘permissive hypercapnea’ (up to 50 mmHg) has
not been associated with adverse fetal effects [6]. A target PaO2 of
70 mmHg is appropriate during pregnancy, in contrast to
55–80 mmHg in the non-pregnant state and facilitates maintenance of
maternal O2 saturation at greater than 95%. These targets guide ventila-
tor FiO2 parameters.

Fetal considerations, particularly in the peri-viable gestational age
window of our patient, often distract from clinical decision making.
This is particularly true when intensivists do not frequently care for
pregnant patients. The guiding principle that optimal management of
maternal status is also optimal management for the fetus is too often
not adhered to. We have too little experience with respiratory collapse
requiring mechanical ventilation for COVID-19 pneumonia to deter-
mine if delivery (regardless of route) facilitates maternal resuscitation
or hinders it.

Given these uncertainties, it is critical to have a conversation with
the patient, or her surrogate decision maker (durable power of attor-
ney) if the patient is incapacitated, regarding interventions for fetal in-
dications, especially in patients in the early stages of pregnancy.
Counseling should highlight the balance of risk and benefit for maternal
status and fetal status, but should underscore the precept that there
rarely exists a disconnect between maternal and fetal interests. Neona-
tology consultation is also valuable under these critical circumstances to
provide information regarding fetal prognosis and wishes for neonatal
resuscitation in the peri-viable gestational age window. It is also impor-
tant to discuss the possibility of perimortem cesarean section if mater-
nal cardiac arrest occurs.

Fortunately, our patient responded to aggressive respiratory sup-
port with intubation and mechanical ventilation early upon her re-
presentation. It is unclear whether our institution's empiric use of
hydroxychloroquine and prednisone facilitated her recovery. Cur-
rently, there is no treatment for COVID-19 approved by the U.S.
Food and Drug Administration. Our institution's empiric use of
hydroxychloroquine and prednisone is based upon novel studies that
indicate its potential as a treatment [7–10]. We hope that our report
assists other institutions navigate the complex care surrounding



Table 2
Ventilator and CPAP Settings

Ventilator settings HD 1 HD 3 HD 4 HD 5 HD 6 HD 8 HD 9

Ventilator mode PRVC/AC PRVC/AC PRVC/AC PRVC/AC PRVC/AC PRVC/AC CPAP
VT (set, mL) 400 400 400 400 400 400
VT (returned, mL) 540 390 402 422 444 418 529
Respiratory rate (set) 16 16 16 16 16 16 26
Respiratory rate (total) 54 31 26 31 27 27 26
Respiratory rate
(spontaneous)

18 0 0 0 0 0

Minute ventilation (total
in L/min)

14.4 12.1 10.8 12.7 10.6 10.8 13.4

FiO2 (%) 100 90 70 60 50 50 50
FiO2 (Analyzed %) 99 90 70 60 50 50 51
PEEP/CPAP (cm H2O) 5 8 12 10 8 6 5
PIP observed (cm H2O) 48 24 18 18 30 24 13
MAP (cm H2O) 24 14 14 14 16 11 8
Inspiratory time (sec) 1 0.9 0.85 0.8 0.8 0.7
Inspiratory
rise/time/slope (sec)

0.2 0.2 0.2 0.2 0.25 0.2

I of I:E ratio (sec) 1 1 1 1 1 1
E of I:E ratio (sec) 2.7 3.2 3.4 3.7 3.7 4
Trigger sensitivity flow
(L/min)

2 2 2 2 2 2 2

Humidification Heat & moisture
exchanger

Heat & moisture
exchanger

Heat & moisture
exchanger

Heat & moisture
exchanger

Heat & moisture
exchanger

Heat & moisture
exchanger

Heat & moisture
exchanger

CPAP, continuous positive airway pressure; E, expiratory; FiO2, fraction of inspired oxygen; I, inspiratory; MAP, mean arterial pressure; PEEP, positive end-expiratory pressure; PIP, peak
inspiratory pressure; PRVC/AC, pressure regulated volume control/assist-control; VT, tidal volume.
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pregnant patients with severe COVID-19 pneumonia requiring inten-
sive care management.
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