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Severe infection with COVID-19 virus in pregnancy offers unique management challenges for the obstetrician
and critical care specialist.We report the case of awoman at 26weeks of gestationwith acute respiratory distress
syndrome secondary to COVID-19 infection treated with dexamethasone, remdesivir, convalescent plasma and
mechanical ventilation. Cesarean delivery was performed at 29 weeks due to worsening maternal status. This
case offers insight into the assessment and successful use of treatment strategies, including dexamethasone,
remdesivir, convalescent plasma, early prone positioning, conservative fluid management, permissive hypoxia
and low tidal volume parameters with ventilator support for pregnancies affected by severe COVID-19 infection.
© 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

The mainstay of intensive care treatment for acute hypoxic res-
piratory failure due to severe COVID-19 infection is supportive with
supplemental oxygen or invasive mechanical ventilation, judicious
fluidmanagement, systemic corticosteroids, and early use of vasoactive
medications. Patients aremonitored closely for the development of viral
myocarditis, thrombotic events, and superimposed bacterial pne-
umonia. Several experimental drug and other therapies are currently
being studied, including remdesivir, lopinavir-ritonavir, tocilizumab,
azithromycin, Bacillus Calmette–Guérin vaccine and convalescent
plasma [1–3].

Severe infection with COVID-19 virus in pregnancy offers unique
management challenges for the obstetrician and critical care specialist.
Special consideration must be undertaken regarding oxygenation and
respiratory support, fluid management, use of corticosteroids and ex-
perimental therapeutics, anticoagulation, and fetal monitoring, often
with limited evidence-based recommendations. This case offers insight
into the assessment and use of thesemanagement strategies, most spe-
cifically the use of dexamethasone and critical care strategies with early
prone positioning in those requiring ventilator support.
).
2. Case Presentation

A 42-year-old woman, G8P6016, presented to an outside hospital in
acute hypoxic respiratory failure at 26 weeks of gestation. She had no
underlying medical history. She presented with a week of increasing
dyspnea and a productive cough; a PCR test for COVID-19 the day
prior was positive. She was febrile with an oxygen saturation (SpO2)
of 78% on room air, and respiratory rate of 50–60. Her SpO2 remained
in the 80s by pulse oximetry despite 15 L of oxygen by non-rebreather
mask and ABG showed a pH 7.42, pCO2 24.3, PaO2 46.7, HCO3 15.7,
Base deficit−8.7 and O2 saturation 84.3. Chest x-ray demonstrated dif-
fuse bilateral consolidations and clinical exam revealed coarse, dimin-
ished breath sounds. She was intubated and transferred to a tertiary
care center.

Upon arrival, SpO2 remained 85% on FiO2 of 100% and PEEP of 12 but
improved to 93–95%with placement in prone position, paralysis and se-
dation, and adjustment of ventilator settings to 6 cc/kg with increased
PEEP. A low tidal volume strategy was employed for lung protection in
the setting of acute respiratory distress syndrome (ARDS) [4]. The pa-
tient remained in prone positioning for 16–18 h daily to assistwith ven-
tilation [5,6]. She received dexamethasone 20mg IV for 5 days followed
by 10 mg IV for 5 days [7,8], remdesivir 200 mg × 1 then 100 mg every
24 h for 9 days [1], and convalescent plasma [2] on HD2. She received
azithromycin and ceftriaxone for empiric treatment of possible
superimposed bacterial pneumonia [3]. Bilateral upper and lower
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extremity Doppler and coagulation studieswere completed to assess for
hypercoagulability. Therapeutic enoxaparin was initiated after identify-
ing a basilic vein thrombosis near the upper extremity PICC site. Shewas
eventually transitioned to a heparin infusion to allow reversal of
anticoagulation in case of urgent delivery. She required an insulin infu-
sion to maintain euglycemia through the day of delivery, suggesting
both steroid-induced hyperglycemia and some degree of undiagnosed
gestational diabetes. Continuous external fetal monitoring (EFM) was
performed from admission to delivery. Fetal status remained reassuring
throughout her hospitalization except for a period of prolonged, 8-min
fetal heart rate (FHR) deceleration occurring during maternal position
change from prone to supine, but recovered with standard intrauterine
resuscitation measures.

On HD11, ventilator requirements gradually increased after a period
of initial stabilization and SpO2of 95%or higher could not bemaintained
without risking barotrauma. After interdisciplinary discussion, this goal
was adjusted to maintain SpO2 of 90% or higher if fetal wellbeing was
reassuring. This adjustment was well tolerated and allowed the preg-
nancy to be continued for an additional week. The evening of HD16,
she was noted to have progressive hypoxia, declining lung compliance
and increasing plateau pressures, requiring increasing ventilator sup-
port parameters and diuresis with furosemide to maintain SpO2 at
90%. On HD17, Critical Care and Maternal-Fetal Medicine (MFM)
discussed the therapeutic option of ECMO support in concert with car-
diothoracic surgery but ultimately this was deemed to be higher risk
than proceeding with cesarean delivery. Anticoagulation was held and
primary cesarean delivery was performed at 29 weeks 1 day via vertical
skin incision and low transverse hysterotomy. Cesarean delivery was
performed in the ICUwithCritical Care,MFM,Neonatology andAnesthe-
sia teamspresent. A livemale infantweighing1310gwithAPGAR scores
of 31 and 65 was delivered and admitted to the NICU. Arterial umbilical
cord blood gases showed pH of 7.25, pCO2 79, pO2 17 and base excess
3.8. Amniotic fluid and placenta cultured negative for COVID-19. Placen-
tal pathologywas only notable for few patchy areas consistentwithma-
ternal vascular malperfusion. Subsequent testing of the infant on DOL 3
and DOL 14 were negative for COVID-19.

Following delivery, the patient quickly tolerated increasing dura-
tions of supine positioning, improved lung compliance, reduction in
plateau pressures, and ability to wean FiO2 and PEEP settings. Due to
continued fevers, she underwent bronchoscopy on HD18 and two
sputum cultures showed growth of Enterobacter cloacae, which was
treated with cefepime. On HD30, she underwent tracheostomy. She
was weaned from the ventilator and transferred to intermediate care
on HD40. The tracheostomy was decannulated on HD50 and she was
discharged to home on HD52 requiring home oxygen at night and con-
tinued nursing care. The infant experienced adrenal insufficiency, likely
due tomaternal dexamethasone treatment; however, overall, the infant
had an uncomplicated NICU course and was discharged home on DOL
57, a postmenstrual age of 37 weeks, in good condition.

3. Discussion

This case of severe COVID-19 infection in pregnancy required prone
positioning,mechanicalventilationandtheuseofexperimentaltreatment
therapies. Our experience is unique given the rapidly changing course of
recommended treatment for individuals with COVID-19. At the time of
clinicaldecisionmaking,noobstetricguidelineswereavailablesupporting
the use of dexamethasone in pregnancy.With extensive discussion, we
elected to administer this for the benefit of decreasedmorbidity among
thosereceivinginvasiverespiratorytreatment inCOVID-19infection,sup-
portedbybothRECOVERYtrialdata [9]anddataonuseofdexamethasone
in ARDS [7,8], as this outweighed the risk for fetal harmwith prolonged
corticosteroid exposure beyond the typical 4 doses of dexamethasone
6mg used for fetal lungmaturity [10,11]. Onenotable potential outcome
for providers when considering use of dexamethasone is adrenal ins-
ufficiency in the neonate. The neonate was initially treated with
2

hydrocortisone fromDOL 1 to DOL 5 due to in utero prolonged exposure
to dexamethasone; however, cortisol levels remained low at both DOL
18(63.48nmol/L) andDOL56(33.40nmol/L), diagnosingadrenal insuffi-
ciency. This infantwill require stress-dosing of steroids with any future
surgery or signs of clinical illness.

Beyond lowtidal volumestrategies for lungprotection inARDS, a con-
servative fluid management approach has been demonstrated to im-
prove lung function and shorten mechanical ventilation without an
increase in non-pulmonary organ failure [15] and this was safely used
in the pregnant state. Furosemide was used for fluid management and
canbeused inpregnancy fordiuresis asneeded [16]. Anotherpointof dis-
cussion is the goal for maintenance of O2 saturations. In pregnancy, it is
recommended to maintain SpO2 of 95% or greater [12,13] and 92% or
greater in non-pregnant patients, particularly with COVID-19 [14]. In
this case, permissive hypoxia to SpO2 of 90% or greater was utilized for
maternal lung protection given reassuring fetal status by EFM and
allowed this pre-term pregnancy to continue an additional week for
fetal benefit.

The question of vertical transmission of COVID-19 in pregnancy is
still under investigation. COVID-19 cultures were collected from the
amniotic fluid and placenta at delivery and returned negative; however,
it is worth noting that due to novel testing and laboratory processing
procedures, these specimen sources have not yet been validated at our
institution. Subsequent negative neonatal testing in this case does, how-
ever, strengthen their reliability.
4. Conclusion

Dexamethasone may provide significant maternal benefit and de-
creasemortality in pregnantwomenwith severe COVID-19 infection re-
quiringmechanical ventilation and at the same time promote fetal lung
maturity. Neonatal concerns regarding its use in pregnancy include hy-
perglycemiawith resulting neonatal hypoglycemia aswell as the poten-
tial for the development of adrenal insufficiency. Generally, maternal
benefit of this protocol outweighs risks of neonatal harm in the critically
ill patient. None of the experimental clinical therapeutics are consider
contraindicated and compassionate use of these therapeutics should
be considered in pregnant womenwith severe illness due to COVID-19.

Lung protective ventilator strategies for COVID-related ARDS are
well tolerated in the pregnant patient. Use of prone positioning in the
pregnant patient was achieved safely, with oxygenation benefit and
no prolonged distress to the fetus noted over routine 16 to 18 h of
prone positioning. When supine, a left lateral tilt was employed to
avoid compression of the inferior vena cava and aorta by the gravid
uterus. A conservative fluid management approach with ARDS as well
as diuresis can safely be used in pregnancy. Fetal heart rate tracing can
offer an additional clinical indicator of maternal oxygenation status
and should be employed in the critically ill pregnant patient. Permissive
hypoxia may be considered to advance fetal maturity and minimize
barotrauma, but this approach should be undertaken with caution and
only with continuous EFM to ensure fetal tolerance.

Contributors

Jennifer Jacobson drafted the paper and is the lead author.
Kathleen Antony contributed to critical revision of the paper.
Michael Beninati contributed to critical revision of the paper.
William Alward contributed to critical revision of the paper.
Kara K. Hoppe contributed to critical revision of the paper.

Conflict of Interest

The authors declare that they have no conflict of interest regarding
the publication of this case report.



J. Jacobson, K. Antony, M. Beninati et al. Case Reports in Women's Health 29 (2021) e00273
Funding

No funding from an external source supported the publication of this
case report.

Patient Consent

Obtained.

Provenance and Peer Review

This case report was peer reviewed.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.crwh.2020.e00273.

References

[1] J. Grein, N. Ohmagari, D. Shin, Compassionate use of remdesivir for patients with se-
vere Covid-19, N. Engl. J. Med. (2020) https://doi.org/10.1056/NEJMoa2007016.

[2] L. Chen, J. Xiong, L. Bao, Y. Shi, Convalescent plasma as a potential therapy for
COVID-19, Lancet Infect. Dis. 20 (4) (2020) 398–400, https://doi.org/10.1016/
s1473-3099(20)30141-9.

[3] R. Chakraborty, S. Parvez, COVID-19: an overview of the current pharmacological in-
terventions, vaccines, and clinical trials [published online ahead of print, 2020 Jul
30], Biochem. Pharmacol. 180 (2020) 114184, https://doi.org/10.1016/j.bcp.2020.
114184.

[4] Jason Phua, et al., Intensive care management of coronavirus disease 2019 (COVID-
19): challenges and recommendations, Lancet Respir. Med. 8 (2020) 506–517,
https://doi.org/10.1016/S2213-2600(20)30161-2.

[5] W.R. Henderson, D.E. Griesdale, P. Dominelli, J.J. Ronco, Does prone positioning im-
prove oxygenation and reduce mortality in patients with acute respiratory distress
syndrome? Can. Respir. J. 21 (4) (2014) 213–215, https://doi.org/10.1155/2014/
472136.

[6] E.L. Scholten, J.R. Beitler, G.K. Prisk, A. Malhotra, Treatment of ARDSwith prone posi-
tioning, Chest. 151 (1) (2017) 215–224, https://doi.org/10.1016/j.chest.2016.06.032.

[7] J. Villar, C. Ferrando, D. Martínez, A. Ambrós, T. Muñoz, J.A. Soler, G. Aguilar, F. Alba, E.
González-Higueras, L.A. Conesa, C. Martín-Rodríguez, F.J. Díaz-Domínguez, P. Serna-
Grande, R. Rivas, J. Ferreres, J. Belda, L. Capilla, A. Tallet, J.M. Añón, R.L. Fernández,
3

González-Martín JM; dexamethasone in ARDS network. Dexamethasone treatment
for the acute respiratory distress syndrome: a multicentre, randomised controlled
trial, Lancet Respir. Med. 8 (3) (2020 Mar) 267–276, https://doi.org/10.1016/
S2213-2600(19)30417-5.

[8] G.U. Meduri, L. Bridges, M.C. Shih, P.E. Marik, R.A.C. Siemieniuk, M. Kocak, Prolonged
glucocorticoid treatment is associated with improved ARDS outcomes: analysis of
individual patients’ data from four randomized trials and trial-level meta-analysis
of the updated literature, Intensive Care Med. 42 (5) (2016 May) 829–840,
https://doi.org/10.1007/s00134-015-4095-4.

[9] P. Horby, W.S. Lim, J.R. Emberson, M. Mafham, J.L. Bell, L. Linsell, N. Staplin, C.
Brightling, A. Ustianowski, E. Elmahi, B. Prudon, C. Green, T. Felton, D. Chadwick,
K. Rege, C. Fegan, L.C. Chappell, S.N. Faust, T. Jaki, K. Jeffery, A. Montgomery, K.
Rowan, E. Juszczak, J.K. Baillie, R. Haynes, M.J. Landray, RECOVERY Collaborative
Group, Dexamethasone in hospitalized patients with Covid-19 - preliminary report,
N. Engl. J. Med. (2020 Jul 17) https://doi.org/10.1056/NEJMoa2021436NEJMoa2021
436.

[10] Committee on Obstetric Practice, Committee opinion no. 713: antenatal cort-
icosteroid therapy for Fetal maturation, Obstet. Gynecol. 130 (2) (2017 Aug)
e102–e109, https://doi.org/10.1097/AOG.0000000000002237.

[11] R.J. Wapner, Y. Sorokin, L. Mele, F. Johnson, D.J. Dudley, C.Y. Spong, A.M. Peaceman,
K.J. Leveno, F. Malone, S.N. Caritis, B. Mercer, M. Harper, D.J. Rouse, J.M. Thorp, S.
Ramin, M.W. Carpenter, S.G. Gabbe, National Institute of Child Health and Human
Development maternal-Fetal medicine units network. Long-term outcomes after re-
peat doses of antenatal corticosteroids, N. Engl. J. Med. 357 (12) (2007 Sep 20)
1190–1198, https://doi.org/10.1056/NEJMoa071453.

[12] J.E. Whitty, M.P. Dombrowski, Respiratory diseases in pregnancy, in: R.K. Creasy, R.
Resnik, J.D. Iams, C.J. Lockwood, T.R. Moore, M. Greene (Eds.), Creasy & Resnik’s
Maternal-Fetal Medicine: Principles and Practice, 7th ednElsevier Saunders, Phila-
delphia 2014, pp. 965–987.

[13] T. Halscott, J. Vaught, Society for Maternal-Fetal Medicine. Management Consider-
ations for Pregnant Patients With COVID-19, Retrieved from: https://education.
smfm.org/products/management-considerations-for-covid-pregnant-patients#tab-
product_tab_contents_1 2020.

[14] National Institute of Health, COVID-19 Treatment Guidelines: Oxygenation and Ven-
tilation, Retrieved from https://www.covid19treatmentguidelines.nih.gov/critical-
care/oxygenation-and-ventilation/ 2020.

[15] National Heart, Lung, and Blood Institute Acute Respiratory Distress Syndrome
(ARDS) Clinical Trials Network, H.P. Wiedemann, A.P. Wheeler, G.R. Bernard, B.T.
Thompson, D. Hayden, B. de Boisblanc, A.F. Connors Jr., R.D. Hite, A.L. Harabin, Com-
parison of two fluid-management strategies in acute lung injury, N. Engl. J. Med. 354
(24) (2006 Jun 15) 2564–2575, https://doi.org/10.1056/NEJMoa062200Epub 2006
May 21. PMID: 16714767.

[16] U.S. Food and Drug Administration, Furosemide, 2020, Retrieved from https://www.
accessdata.fda.gov/drugsatfda_docs/label/2016/018667s036lbl.pdf.

https://doi.org/10.1016/j.crwh.2020.e00273
https://doi.org/10.1016/j.crwh.2020.e00273
https://doi.org/10.1056/NEJMoa2007016
https://doi.org/10.1016/s1473-3099(20)30141-9
https://doi.org/10.1016/s1473-3099(20)30141-9
https://doi.org/10.1016/j.bcp.2020.114184
https://doi.org/10.1016/j.bcp.2020.114184
https://doi.org/10.1016/S2213-2600(20)30161-2
https://doi.org/10.1155/2014/472136
https://doi.org/10.1155/2014/472136
https://doi.org/10.1016/j.chest.2016.06.032
https://doi.org/10.1016/S2213-2600(19)30417-5
https://doi.org/10.1016/S2213-2600(19)30417-5
https://doi.org/10.1007/s00134-015-4095-4
https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.1097/AOG.0000000000002237
https://doi.org/10.1056/NEJMoa071453
http://refhub.elsevier.com/S2214-9112(20)30103-X/rf0060
http://refhub.elsevier.com/S2214-9112(20)30103-X/rf0060
http://refhub.elsevier.com/S2214-9112(20)30103-X/rf0060
http://refhub.elsevier.com/S2214-9112(20)30103-X/rf0060
https://education.smfm.org/products/management-considerations-for-covid-pregnant-patients#tab-product_tab_contents__1
https://education.smfm.org/products/management-considerations-for-covid-pregnant-patients#tab-product_tab_contents__1
https://education.smfm.org/products/management-considerations-for-covid-pregnant-patients#tab-product_tab_contents__1
https://www.covid19treatmentguidelines.nih.gov/critical-care/oxygenation-and-ventilation/
https://www.covid19treatmentguidelines.nih.gov/critical-care/oxygenation-and-ventilation/
https://doi.org/10.1056/NEJMoa062200
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/018667s036lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/018667s036lbl.pdf

	Use of dexamethasone, remdesivir, convalescent plasma and prone positioning in the treatment of severe COVID-�19 infection ...
	1. Introduction
	2. Case Presentation
	3. Discussion
	4. Conclusion
	Contributors
	Conflict of Interest
	Funding
	Patient Consent
	Provenance and Peer Review
	Appendix A. Supplementary data
	References




