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Introduction 

Severe acute respiratory syndrome coronavirus 
2  (SARSCoV2) is a novel coronavirus that causes 
a potentially serious respiratory disease, which has 
spread all around the world and affected the popula-
tion across all age groups including pregnant women1. 

Pneumonia is one of the most common non-obstet-
ric infections in pregnancy and coronavirus disease 
2019 (COVID-19) infection that also tends to affect 
the lungs2. The incidence of COVID-19 infection in 
pregnant women is not higher than the incidence in 
all women of reproductive age3. In pregnancy, total 
lung capacity, functional residual capacity, and expira-
tory reserve volume are physiologically reduced4,5. As 
the gravid uterus grows, there is significant reduction 
in functional residual capacity and compliance of the 
respiratory system resulting in an increased work of 
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SUMMARY – Acute respiratory syndrome caused by a novel coronavirus (SARS-CoV-2) in 
pregnant women can progress to a critical condition. In this paper, we present a case of a woman in the 
28th week of gestation hospitalized due to respiratory insufficiency caused by COVID-19 infection 
and consequent bilateral pneumonia with development of severe acute respiratory distress syndrome. 
Noninvasive ventilation through a face mask was started but due to progression of respiratory insuf-
ficiency with high FiO2 and positive end expiratory pressure (PEEP), we decided to intubate the 
patient, after which obstetricians agreed to complete pregnancy by cesarean section. The clinical course 
was complicated by desaturation and bradycardia with recurring asystole which recovered after the use 
of atropine. The patient was increasingly difficult to mechanically ventilate on the PSIMV modality 
(tidal volume [TV] <200 mL). She was switched to ASV modality (TV up to a maximum of 350 mL, 
ASV 130%, PEEP 16 cm H2O, FiO2 100%, RR 25/min, pPeak 35 cm H2O, pPlateau 35 cm H2O), 
after which peripheral saturation recovered to 89%. Due to inadequate mechanical ventilation, the 
patient was transferred to Dr. Fran Mihaljević University Hospital for Infectious Diseases in order to 
perform extracorporeal membrane oxygenation (ECMO). Owing to all of the measures taken, recov-
ery followed after 13 days on ECMO.
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breathing6. It has been shown that coronavirus infec-
tion in pregnant women can progress to a critical con-
dition and even end lethally. Therefore, such patients 
are at a higher risk of admission to the intensive care 
unit (ICU), mechanical ventilation, and extracorporeal 
membrane oxygenation (ECMO)3,7,8. 

Case Report
In this paper, we present a case of a 35-year-old 

woman at 28th week of gestation, who was transferred 
from a general hospital to our COVID ICU due to 
respiratory insufficiency caused by COVID-19 bilat-
eral pneumonia with development of severe acute re-
spiratory distress syndrome (ARDS). She had healthy 
pregnacy and was estimated as American Society of 
Anesthesiologists Physical Status 2 (ASA PS2). The 
symptoms occurred 7 days before arrival to the general 
hospital in the form of dry cough and fever up to 39 
°C. She had not been vaccinated nor had prior SARS-
COV-2 infection. COVID-19 was confirmed by poly-
merase chain reaction (PCR) testing 2 days before ar-
riving to the hospital. She spent 2 days in the general 
hospital on high-flow nasal oxygen (HFNO) therapy 
before decision was made to trasfer her to our ICU be-
cause the hospital she was initially admitted to did not 
have COVID ICU, therefore appropriate care for the 
mother and the child in case of further complications 
was not available. Upon arrival to our hospital, the pa-
tient was conscious, tachycardic (pulse 115/min), hy-
potensive (blood pressure 80/50 mm Hg), tachypneic 
(RR 25/min), peripheral saturation 85% on 15 L/min 
of oxygen via face mask. She was sweating and feeling 
anxious, but did non have signs of cyanosis. Without 
delay, she was put on noninvasive ventilation via face 
mask (positive end expiratory pressure [PEEP] 18 cm 
H2O, PS 7 cm H2O, FiO2 80%), with prompt recovery 
of peripheral saturation and decrease in respiratory fre-
quency. Gynecologic examination was also performed 
and cardiotocography (CTG) showed no abnormalities. 
Chest x-ray (Fig. 1) revealed bilateral spotty, predomi-
nantly peripheral infiltrates in all lung fields on the right 
and in the upper and middle pulmonary fields on the 
left, along with pneumomediastinum and subcutaneous 
soft tissue emphysema in the thorax and neck. After 2 
days in COVID ICU, the patient was still on a nonin-
vasive ventilation (NIV) mask with increasing FiO2 (up 
to 70%) and pressure support requirements (PS 10 cm 

H2O) due to successively lower PaO2/FiO2 (P/F) ratios 
(97 mm Hg) in accordance with arterial blood gas anal-
yses (PaO2:9kPa). A decision to intubate the patient and 
start mechanical ventilation was made in consultation 
with obstetricians, who decided to perform cesarean 
section. Upon intubation, subcutaneous emphysema of 
the right supraclavicular region was observed, therefore 
a central venous line was placed in the right subclavian 
vein. Pleural movement was verified by ultrasound on 
both sides and chest x-ray was performed, which was 
read later. Subsequently, emergency transfer to the op-
erating room was organized to perform urgent cesarean 
section. Transfer was performed with the use of a trans-
portable ventilator, standard monitoring and perfusors 
(rocuronium, propofol, dexmedetomidine). Transfer 
was completed in 10 minutes. Upon arrival in the op-
erating room, due to progressive fall of SpO2 (down to 
74%) and the finding of right-sided pneumothorax on 
x-ray (Fig. 2), attending anesthesiologist immediately 
performed thoracocentesis in the 3rd intercostal space in 
the right medioclavicular line, after which plenty of air 
was released along with partial recovery of peripheral 
saturation. During the operation, she was mechanical-
ly ventilated on a volume control mode (tidal volume 
[TV] 450 mL, PEEP 15 cm H2O, FiO2 100%, RR 20/
min) with oxygen, sevoflurane and above-mentioned 
medications on perfusion. Upon completion of the ce-
sarean section, general surgeon placed a thoracic drain, 
which led to complete recovery of peripheral saturation. 
Follow-up multi-slice computed tomography (MSCT) 
of the thorax (Fig. 3) confirmed right-sided pneumo-
thorax up to 50 mm wide and pneumomediastinum up 
to 8 mm wide. Afterwards, the patient was returned to 
COVID ICU in a stable respiratory and hemodynam-
ic state. However, after a couple of hours, desaturation 
(SpO2 77%) and bradycardia below 40/min were noted 
along with repetitive asystole on electrocardiography 
(ECG) monitoring, which recovered after atropine 
injections. The patient was increasingly difficult to me-
chanically ventilate on the pressure controlled synchro-
nized intermittent mechanical ventilation (PSIMV) 
modality (TV <200 mL). She was switched to adaptive 
support ventilation (ASV; TV up to a maximum of 350 
mL, ASV 130%, PEEP 16 cm H2O, FiO2 100%, RR 
25/min, pPeak 35 cm H2O, pPlateau 35 cm H2O), af-
ter which peripheral saturation recovered to 89%. In the 
ABG analysis, the measured values showed pH 7.194, 
pCO2 11.2 kPa, pO2 10.9 kPa, BE 2.2, total bicarbon-
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ates 30.8, SaO2 0.934, lactate 1. The calculated Horrow-
itz index (P/F ratio) was 82 mm Hg and Murray score 
was 3.8. Due to inadequate ventilation (hypercapnia, 
high pPeak pressures, low TV), infectious disease spe-
cialist was consulted and recommended transfer to Dr. 
Fran Mihaljević University Hospital for Infectious Dis-
eases (UHID) in order to perform extracorporeal mem-
brane oxygenation (ECMO), which our hospital did 
not have. Therapy with vvECMO was carried out for a 
total of 13 days, and due to protracted mechanical ven-
tilation (16 days on ETT), percutaneous tracheotomy 
was performed. The course of treatment at the UHID 
was complicated by nosocomial infections (Acineto-
bacter baumanii and Staphylococcus aureus from tracheal 
aspirate), the need for renal replacement therapy with 
continuous venovenous hemodiafiltration (CVVHDF) 
due to hypernatremia and volume overload, as well as a 
series of epileptic attacks. The patient was transferred 
back to our hospital 27 days later and admitted to non-
COVID ICU since she was no longer infecious. She 
was fully conscious with nonverbal communication, 
immovable, spontaneously breathing with oxygen sup-
plementation to the tracheal cannula, hemodynamical-
ly stable with flaccid tetraparesis due to critical disease 
polyneuropathy. During hospital stay, the patient grad-
ually recovered with adequate oxygenation on room air 
(SpO2 94%). Her preterm baby developped well under 
the supervision of neonatologist and was not infected 
with COVID-19. With thorough physical therapy, 
neurological function improved significantly and she 
was discharged to physical rehabilitation institute 47 
days after initial admission. 

Discussion 

Pregnant women infected with severe SARS-
CoV-2 may be asymptomatic or symptomatic. Those 
who are symptomatic appear to be at an increased risk 
of developing severe COVID-19 sequels compared 
with nonpregnant reproductive-aged females3,9,10. 
The rates of miscarriage and congenital anomalies do 
not appear to be increased in pregnancies affected by 
COVID-19, and neonatal outcome is generally good9. 
Although the overall rate of congenital infection has 
been reported to be less than 2% of maternal infections, 
only a few well-documented cases of probable in utero 
transmission have been published11. Altered immune 
competence exists in pregnancy in order to allow ‘tol-
erance’ of the presence of paternal antigen in fetopla-
cental tissue. This also results in higher predisposition 
to the development of infectious diseases and sepsis6. 
Pre-existing comorbidities, non-Caucasian ethnicity, Fig. 1. Chest x-ray before thoracic drain placement.

Fig. 2. Chest x-ray after thoracic drain placement.

Fig. 3. MSCT of the thorax after thoracic drain placement. 
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chronic hypertension, pre-existing diabetes, high ma-
ternal age, and high body mass index are risk factors 
for severe COVID-19 in pregnancy, which our patient 
did not have3,12. As the fetus is constantly in a state 
of relative hypoxia, a slight imbalance compromising 
oxygen supply warrants hastened delivery through 
performance of emergency lower segment cesarean 
section6. Since our patient was already in a state of hy-
poxia due to severe ARDS, it was also a decision of our 
obstetric team to perform emergency cesarean section. 
Pregnant women with COVID-19 versus those with-
out COVID-19 are more likely to have preterm deliv-
ery and can be at an increased risk of ICU admission 
and maternal death. Their babies are more likely to be 
admitted to the neonatal unit3. COVID-19 infection 
in pregnant women was associated with higher rates of 
cesarean section13. 

According to the COVIDPREG Study Group14, 
respiratory management in pregnant women with a se-
vere form of SARS-CoV-2 infection might be similar 
to that of other patients with COVID-19 and the non- 
or minimally invasive oxygenation strategies (HFNO 
and NIV) might be preferred. The use of NIV in hy-
poxemic respiratory failure (except for pandemic viral 
illness, studied in SARS and influenza)15 is not rec-
ommended as it carries the risk of delayed intubation, 
large TVs, and injurious transpulmonary pressures16. 
In our case, we also started treatment with NIV since 
she had already been treated with HFNO before ar-
riving to our hospital. In the most severe patients with 
persistent or refractory hypoxemia, delivery might be 
considered to improve maternal respiratory mechanics 
and oxygenation14. Cases with severe ARDS should be 
intubated and receive invasive mechanical ventilation 
as respiratory failure in ARDS is caused by intrapul-
monary ventilation-perfusion mismatch or shunt. Me-
chanical ventilation with tidal volumes of 4-8 mL/kg 
and inspiratory plateau pressure less than 30 cm H2O 
are recommended17. It is reported that barotrauma de-
velops at rates of 6.5% during mechanical ventilation 
(MV) in the treatment of ARDS patients18. Baro-
trauma and high positive pressure in the lungs may 
cause complications such as pneumothorax, pneumo-
mediastinum or subcutaneous emphysema, leading to 
lengthened duration of ICU admission and increased 
mortality of patients18,19. In COVID-19 ARDS pa-
tients, alveolar injury caused by the infection with the 
contribution of MV may cause more frequent baro-

trauma compared to classic ARDS and this situation 
significantly increases the duration of MV and inten-
sive care in patients. In terms of reducing mortality 
and morbidity in these patients, MV treatment should 
be carefully maintained within the framework of lung 
protecting strategies, and complications should be 
identified and treated early20. According to the ARDS 
Clinical Practice Guidelines, the ventilation modes of 
commonly used ventilators are VCV and PCV, but it 
is unclear which of the ventilation modes is more ben-
eficial for patient prognosis21. In our case, we decided 
to use PSIMV and ASV modes because only on these 
modes it was possible to reach somewhat adequate 
TVs. It is reasonable to complete pregnancy if the lung 
function is significantly impaired because hypoxemia 
of the mother can significantly endanger the fetus. In 
COVID-19, refractory hypoxemia is common among 
the critically ill with ARDS despite invasive mechan-
ical ventilation and is further complicated by respira-
tory and circulatory failure. This difficult situation calls 
for the use of ECMO to assist respiration and circula-
tion if necessary, as shown in our case22. 

Extracorporeal membrane oxygenation is a form of 
cardiopulmonary bypass used in patients who are im-
possible to oxygenate or ventilate with common ven-
tilators. In this procedure, with the help of a special 
device, venous blood is drained from the body, oxygen-
ated and then returned to the patient. The main goal 
of ECMO is to fulfill oxygen supply to tissues and to 
remove carbon dioxide (CO2) in patients with severe 
form of lung or heart failure, when they are refractory 
to conventional treatment methods, as it was in our 
case. Veno-venous (v-v) ECMO is used in patients 
with potentially reversible ARDS. Indications for 
ECMO are PaO2/FiO2 <80 mm Hg, Murray score 3-4 
or higher, PaCO2 >80 mm Hg or pH <7.2, P(plateau) 
>30 cm H2O, oxygenation index >30 and A-a DO2 
>600 mm Hg, all of which were met in our case23,24. 
Murray score stratifies severity of acute lung injury and 
is also used with other clinical factors to help select pa-
tients for ECMO. It consists of several variables, i.e., 
consolidation on chest x-ray, PaO2/FiO2 ratio, PEEP, 
compliance, and COVID-19 infection status25. We 
decided to consult ECMO center due to inadequate 
ventilation, respiratory acidosis and hypercapnia in 
ABG analysis. In elderly patients and in cases where 
mechanical ventilation lasts for more than 7 days, it is 
considered that even despite the use of ECMO, the 
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risk of adverse outcomes is higher, whereas our patient 
was of younger age, mechanically ventilated for less 
than 24 hours. 

Conclusion
Pregnant patients are a population at a high risk of 

morbidity and mortality associated with SARS-CoV-2 
infection. Consequently, greater attention, surveillance 
and prompt decision making is critical for preventing 
maternal and neonatal morbidity and mortality. The 
use of ECMO is recommended when other respirato-
ry support strategies (noninvasive ventilation, invasive 
ventilation through an endotracheal tube) are insuffi-
cient. Therefore, it can be concluded that the multidisci-
plinary approach in this patient provided optimal care.
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Sažetak 

CIJELI RASPON RESPIRACIJSKE POTPORE KOD TRUDNICE S TEŠKIM OBLIKOM INFEKCIJE 
COVID-19

S. Berić, V. Nesek Adam, I. Šklebar, T. Klancir, M. Žižak i M. Mličević

Akutni respiracijski sindrom uzrokovan novim koronavirusom (SARS-CoV-2) u trudnica se može komplicirati do 
kritičnog stanja. U ovom radu prikazujemo slučaj trudnice u 28. tjednu trudnoće hospitaliziranu zbog respiracijske insufici-
jencije uzrokovane infekcijom COVID-19 te posljedičnom obostranom pneumonijom i razvojem teškog ARDS-a. Započeta 
je neinvazivna ventilacija preko maske za lice, no zbog progresije respiracijske insuficijencije uz visoki FiO2 i PEEP odlučeno 
je provesti endotrahealnu intubaciju, nakon čega ginekolozi donose odluku o dovršenju trudnoće carskim rezom. Klinički ti-
jek se komplicira desaturacijom te bradikardijom uz opetovane asistolije koje se oporave nakon primjene atropina. Bolesnicu 
se sve teže mehanički ventilira na modalitetu PSIMV (TV <200). Stoga je prebačena na modalitet ASV (TV do maskimalno 
350 mL, ASV 130%, PEEP 16 cm H2O, FiO2 100%, RR 25/min, pPeak 35 cm H2O, pPlateau 35 cm H2O), nakon čega se 
periferna saturacija oporavi do 89%. Zbog neodgovorajuće mehaničke ventilacije bolesnica se premješta u Kliniku za infek-
tivne bolesti “Dr. Fran Mihaljević” zbog indicirane izvantjelesne membranske oksigenacije (ECMO). Zahvaljujući poduze-
tim mjerama uslijedio je oporavak nakon 13 dana ECMO-a.

Ključne riječi: COVID-19; Trudnoća; Carski rez; Spontani pneumotoraks; ARDS; ECMO 


