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Factors Affecting Survival of Pregnant Women with
COVID-19 and Our First Extracorporeal Membrane
Oxygenation Results

COVID-19 ile Enfekte Gebelerin Sagkalimini Etkileyen
Faktorler ve ik ECMO Sonuglanmiz

ABSTRACT Objective: The purposes of our study were to determine the relationship between
COVID pneumonia and mortality and immunization status of patients and to present our first
ECMO (extracorporeal membrane oxygenation) experiences by retrospectively evaluating pregnant
women.

Materials and Methods: The research was conducted by screening the files of 37 pregnant/
postpartum COVID-19 cases monitored and treated in the intensive care unit between March
1, 2020 and December 1, 2021. The patients’ ages, systemic comorbidities, vaccination details,
and clinical and laboratory features were recorded and analyzed. The patients were divided into
two groups as survivors (Group 1; n=17) and exitus ones (Group 2; n=20); and the results were
compared statistically.

Results: Of 37 patients, 17 (45.9%) survived (Group 1) and 20 (54.1%) died (Group 2) with a median
of 31 gestational weeks and 9 days LOS in the ICU. ICU admission time (which day of PCR+) and
cesarean time (which day of PCR+) were 8 days. Nine (24 %) patients received ECMO and MV, with
6 (66.6%) exitus and 3 (33.3%) survivors who were discharged from the hospital without sequelae.
Of 37 pregnant/postpartum patients, 36 were unvaccinated.

Conclusion: Vaccination should be given priority in pregnant women, and ECMO may be effective
in the recovery of oxygenation in pregnant COVID-19 patients.

Keywords: COVID-19, ECMO, pregnancy, vaccines, ICU

0z 6z Amag: Calismamizin amaci, gebeleri retrospektif olarak degerlendirerek Covid pnémonisi
ile mortalite, hastalarin bagisiklama durumlari arasindaki iliskiyi ortaya koymak ve ilk ECMO
(Ekstracorporeal membran oksijenizasyonu) deneyimlerimizi sunmaktir.

Gerec ve Yontem: Arastirma, 1 Mart 2020 ile 1 Aralik 2021 tarihleri arasinda yogun bakim
Uinitesinde takip ve tedavi edilen toplam 37 gebe/postpartum Covid-19 vakasinin dosyalari taranarak
gerceklestirildi.Hastalarin yaslari, sistemik komorbiditeleri, asi detaylari, klinik ve laboratuvar
Ozellikleri kaydedildi ve analiz edildi.Hastalar sag kalanlar (Grup 1; n=17) ve exitus olanlar (Grup 2;
n=20) olarak 2 gruba ayrildi ve sonuglar istatistiksel olarak karsilastirildi.

Bulgular: Calismamizda 37 hastanin 17'si (%45,9) hayatta kaldi (Grup 1) ve 20'si (%54,1) 6ldU (Grup
2). Median gebelik haftasi 31 hafta olup, yogun bakim yatis stresi 9. glindi. Yogun bakim Unitesine
yatis gunl (PCR+liginin kaginci glind) ortalama 8. glindii.Dokuz (%24) hasta ECMO ve Mekanik
ventilasyon desteginde takip edildi, bu hastalarin 6 (%66.6)" si eksitus oldu. 3 (%33.3) sag kalan
hasta sekelsiz taburcu edildi.37 gebe/postpartum hastanin 36'si asisizdl.

Sonug: Gebelerde asi ile bagisiklamaya oncelik veriimelidirECMO Covid-19(+) gebe hastalarda
oksijenlenmenin dizenlenmesinde etkili olabilir.

Anahtar Kelimeler: Covid-19, ECMQ, gebelik, asi, yogun bakim Unitesi
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Introduction

The respiratory tract infections observed in the pregnant
women may be severer due to the physiological, anatomical,
and immunological changes in this group.” Several studies
have shown that the mortality and morbidity of pregnant
patients infected with viral agents such as influenza, MERS
(Middle East respiratory syndrome) and SARS (severe acute
respiratory syndrome) caused by H N, are higher than their
peers.??

Although the guide issued by the World Health
Organization (WHO) in March 2020 states that the incidence
of novel coronavirus disease 2019 (COVID-19) is relatively
low among pregnant women, recent studies have reported
serious hypoxia requiring mechanical ventilation (MV),
increased mortality and morbidity in the pneumonia cases.*%°
We planned this study considering that descriptive studies,
(that include high numbers of patients), to be conducted
in this field would decrease maternal and fetal losses,
and ensure planning stronger strategies in monitoring and
treatment.

In our hospital, which is one of the first pandemic
hospitals, 1302 PCR positive Covid-19 cases were monitored
from March 1, 2020 to December 1, 2021. Of these
pregnant women, 37 were monitored in ICU. In the present
study, we aimed to investigate the relationship between
COVID-19 pneumonia and mortality, immunization status of
patients and to present our first extracorporeal membrane
oxygenation (ECMOQO) experiences in pregnant women.

Materials and Methods

This single-center, retrospective study was conducted
at the Departpent of XXX of a tertiary care center between
March 1st, 2020 and December 1%, 2021. The files of
pregnant/postpartum COVID-19 cases who were treated in
the intensive care unit (ICU) due to COVID-19 pneumonia
were reviewed. The patients, who had unproven positive
status of PCR analysis, under 18 years of age, referred to an
external center due to the lack of ICU beds in our institution,
or still being treated in our hospital during the collection of
data were excluded. The vaccination details of the included
patients were acquired through the electronic data system
of the Republic of Turkey, Ministry of Health. During the
study period, a total of 1,302 PCR-positive COVID-19 cases
were admitted to our hospital. Of these pregnant women,
37 who were monitored in the ICU setting were included.

The study was approved by the Republic of Turkey, Ministry
of Health and institutional Ethics Committee and conducted
in accordance with thw principles of the Declaration of
Helsinki.

Through the electronic data system of our hospital,
data including age, systemic comorbidities, on which day
of COVID-19 positive status they were admitted to ICU,
and if they had ceserean section (C/S), on which day of
PCR-positive status they had it, the reason FOR C/S, the
anesthesia method used in C/S, the immunomodulatory
drugs, antibiotics, antiviral drugs, anticoagulants used, the
dose and length of corticosteroid administration, blood/
trachea/urine culture results, laboratory analyses at the
time of ICU admission such as white blood cell (WBC)
count, C-reactive protein (CRP), procalcitonin, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
lactate dehydrogenase (LDH), creatinine, ferritin, fibrinogen,
D-dimer, hemoglobin, hematocrit, platelet count, international
normalized ratio (INR), eosinophil count and triglyceride (TG),
radiological imaging results, need for oxygen (02) support,
MV requirement, ECMO requirement, length of ICU stay
were recorded and analyzed.

The patients were divided into two groups as survivors
(Group 1) and non-survivors (Group 2); and the results were
compared statistically.

In the ICU admission, the standard third-level ICU
admission criteria (dyspnea and respiratory distress,
respiratory rate over 30, partial pressure of oxygen (PaO2)
/ fraction of inspired oxygen (FiO2) <300, oxygen saturation
(Sp02<90%) or Pa02<70 mmHg, despite the oxygen
therapy of 5 L/min, hypotension, development of acute
organ failure, high lactate levels, confusion) were employed.
Depending on the patients’ clinical status, the conventional
oxygen therapies (mask, reservoir, high-flow nasal oxygen
(HFNO) and continuous positive airway pressure (CPAP)
and MV were applied. For the patients in whom sufficient
oxygenation could not be achieved through MV despite the
maximum support, ECMO initiated.

If PaO, < 60 mmHg and/ or PaO,/ FiO, < 100 with
conventional therapies, HFNO and CPAP were applied.
If PaO, < 60 mmHg and/ or PaO,/ FiO, < 100 with HFNO
and CPAR invasive MV was applied. For the endotracheally
intubated patients in whom sufficient oxygenation could not
be achieved through MV less than 7 days, and if they met
one of the following criteria; 1) PaO,/ FiO, < 50 for> 3 hours,
2) PaO,/ FiO, < 80 for > 6 hours, 3) pH < 7.25 with partial
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carbondioxide pressure (pCO, > 60 mmHg, respiratory
rate increased to 35 breaths min”, and plateau pressure <
32 mmHg despite the maximum ventilator support (FiO, >
0.80, a tidal volume of 6 ml kg™ of predicted body weight,
and a positive end-expiratory pressure (PEEP) 210 cm H,0),
ECMO was initiated.

If PaO, < 60 mmHg and/ or PaO,/ FiO, < 100 general
anestesia was applied in the C/S as anesthesia method.

Statistical Analysis

Statistical analysis was performed using the SPSS
version 22.0 software (IBM Corp., Armonk, NY, USA).
Descriptive data were expressed in mean + standard
deviation (SD), median (min-max) or number and frequency,
where applicable. The normality distribution of the variables
was checked using the Kolmogorov-Smirnov and Shapiro-
Wilk. The Student ttest was used to compare normally
distributed variables, while the Mann-Whitney U test was
used to compare non-normally distributed variables. The
Fisher exact chi-square test, Fisher-Freeman-Halton exact
chi-square test, and Continuity (Yates) correction were used
to compare the qualitative data. A p value of <0.05 was
considered statistically significant.

Results

During the study, totally 37 Covid positive pregnant
women, who were older than 18 years old, were evaluated.

Thegestational weeks were ranging from 18 weeks to 38
weeks with an average of 30.08+5.03 and a median of 31
weeks. While the average length of stay in the service before
the transfer to ICU was 4.43+2.62 days with a median of 4
days, 2 patients were admitted directly to the ICU due to
maternal hypoxia after emergency application to the hospital.
The ICU length of stay was ranging from 1 to 70 days with
an average of 14.48+14.07 and a median of 9 days. The total
length of stay in hospital was ranging from 3 to 72 days with
an average of 22.27+14.90 and a median of 18 days. Of the
pregnant women in the study, 20 (54.1%) became ex.

Of 37 pregnant/postpartum patients, 36 were
unvaccinated. One patient received a single dose of
messenger ribonucleic acid (MRNA) vaccine 14 days before
getting infected. Demographic and clinical characteristics of
the patients are shown in Table 1.

Three of six patients in whom C/S was not applied
died. The gestational week of the patients who died was
below 21 weeks (18, 20, 20 weeks). In the surviving group,

the pregnancy of three patients (20, 26, and 33 weeks)
continued healthily, and they were discharged from the ICU
uneventfully.

According to mortality, there was no statistically
significant difference in terms of average ages, gestational
weeks, length of stay in hospital before the ICU transfer, the
day of ICU admission after PCR + result, rates of observing
asthma, hypothyroidism, and varicose, C/S etiology and
anesthesia methods (spinal/general), and the rates of
secondary infections as confirmed by blood culture and
trachea culture (p>0.05).

The rate of use of azithromycin in Group 1 was
statistically significantly higher than Group 2 (23.5% vs. 0%,
respectively) (p=0.036). The rate of use of cefuroxime axetil
in Group 2 was statistically significantly higher than Group
1 (35% vs. 5.9%, respectively) (p=0.048). There was no
statistically significant difference in the rates of the use of
other drugs between the two groups (p>0.05).

There was no statistically significant difference between
2 groups in terms of the doses of use of methyl prednisolone
(p>0.05). The duration of methyl prednisolone administration
in Group 1 was ranging from 3 to 10 days with an average
of 5.27+1.68 and a median of 5 days. The duration of
methylprednisolone administration in Group 2 was ranging
from 3 to 10 days with an average of 6.39+2.87 and a median
of 5 days. There was no statistically significant difference
between the durations of methylprednisolone administration
by mortality as well (p=0,470) (Table 2).

The rate of MV support in Group 2 was statistically
significantly higher than Group 1 (100% vs. 35.3%,
respectively) (p=0.001 and p<0.05) (Table 3). The mean
duration of MV support was 7.65+13.8 days in Group 1 and
11.05+£9.28 in Group 2, indicating a statistically significant
difference between the groups (p=0.016 and p<0.05).

There was no statistically significant difference between
the groups in terms of ECMO rates (p>0.05) (Table 3). The
duration of ECMO in Group 1 was ranging from 26 to 50 days
with an average of 37.0£12.12 and a median of 35 days. The
duration of ECMO in Group 2 was ranging from 1 to 27 days
with an average of 17.83+10.15 and a median of 23 days.
When two groups were compared, the duration of ECMO
in Group 1 was statistically significantly longer than Group 2
(p:0.038; p<0.05) (Table 3).

There was no statistically significant difference between
the groups in terms of the rates of use of HFNO and CPAP
in the ICU (p>0.05).
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Table 1. Demographic and clinical characteristics of patients
Group 1 Group 2 Total
Mean * SD (median) (0=17) (n=20) (n=37) )
Mean t SD (median) Mean' +SD
(median)
Age 28.53+4.78 (28) 31.345.73 (32.5) 30.0345.43 (30) 0.138
Gestational week 31.65+4.65 (32) 28.7515.08 (28) 30.08+5.04 (31) 0.067
Length of stay in the service (before ICU) 3.82+2.9 (3) 4,95+2.31 (5) 4.43+2.62 (4) 0.097
ICU admission time (which day of PCR+) 8.94+2.08 (9) 8.35+2.11 (8) 8.62+2.09 (8) 0.476
C/S time (which day of PCR+) 8.57+1.99 (8.5) 8.71%3.14 (9) 8.65+2.64 (9) 0.984
n (%) n (%) n (%)
Asthma 2 (11.8%) 1 (5%) 3(8.1%) 20.584
_ Diabetes 0(0%) 0(0%) 0(0%)
gi‘;r:a‘;;bs'd Hypertension 0(0%) 0 (0%) 0(0%)
Hypothyroidism 3(17.6%) 1(5%) 4(10.8%) 20.315
Varicose 1(5.9%) 0 (0%) 1(2.7%) 20.459
Not done 3(17.6%) 3 (15%) 6(16.2%) 31.000
C/S etiology Maternal hypoxia 12 (70.6%) 14 (70%) 26 (70.3%)
Preeclampsia 2 (11.8%) 3(15%) 5(13.5%)
. Not done 3(17.6%) 3(15%) 6(16.2%) 30.090
g ;:"ESthes'a Spinal 13 (76.5%) 10 (50%) 23 (62.2%)
General 1(5.9%) 7 (35%) 8(21.6%)
Blood culture 6 (35.3%) 10 (50%) 16 (43.2%) 40.571
Culture result Urinary culture 0(0%) 0(0%) 0(0%)
Trachea culture 2 (11.8%) 3(15%) 5(13.5%) 21.000
"Mann-Whitney U test, 2Fisher’s Exact test, 3Fisher Freeman Halton Exact test, “Continuity (Yates) Correction, ICU: intensive care unit, C/S: caesarean section

The computed tomography (CT) involvement was above
50% in 85% of the patients in Group 2 while this ratio was
29.4% in Group 1, indicating a significant difference between
two groups (p<0,001) (Table 3).

According to the laboratory analysis results at the time
of ICUadmission, the ferritin levels (p=0,007), INR levels
(p=0,034), and platelet counts (p=0,019) were statistically
significantly higher in Group 2. There was no statistically
significant difference in the other biochemical parameters
between the groups according to mortality (p>0.05). (Table 4)

There was no statistically significant difference between
Group 1 and Group 2 in terms of ICU length of stay and total
length of stay in hospital (p>0.05). (Table 5)

Discussion

In the present study, we investigated the relationship
between COVID-19 pneumonia and mortality and reported

our first ECMO experiences in pregnant women during
the pandemic. Of the cases, 45.9% (n=17) survived,
while 31.03% of the patients required MV support (MV,
MV+ECMO). Despite conventional oxygen therapy, these
patients needed to be transferred to ICU due to hypoxia
and dyspnea. Totally 26 patients were monitored with MV.
Thoracic CT of non-survivors showed bilateral widespread
ground-glass opacities, and all of these patients were
monitored under the MV support. The ECMO (24%) was
needed in nine patients who could not reach the target
SpO, despite maximum MV support. Of these patients, six
(66.6%) died and three (33.3%) were discharged without any
sequelae. Of 37 pregnant/postpartum patients monitored
in the ICU, 36 were unvaccinated. One patient had taken
a single dose of m-RNA vaccine 14 days before becoming
COVID PCR positivity; she was in the week 21 of her
pregnancy, and she died due to multiple organ dysfunction.

Earlier studies conducted on pregnant COVID-19 patients
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Table 2. Evaluation of drugs used according to patient groups
n (%) g:":/?v:ng; n=17) g)zl;:s;znﬁo) Total
n (%) n (%) p
Azithromycin 4(23.5%) 0 (0%) 4(10.8%) 10.036*
Linezolid 1(5.9%) 0(0%) 1(2.7%) 10.459
Meropenem 7 (41.2%) 10 (50%) 17 (45.9%) 20.837
Vancomycin 2 (11.8%) 8 (40%) 10 (27%) 10.073
Piperacillin/tazobactam 4(23.5%) 10 (50%) 14 (37.8%) 20.189
Colistimethate sodium 2(11.8%) 4 (20%) 6 (16.2%) 10.667
Cefuroxime axetil 1(5.9%) 7 (35%) 8(21.6%) 10.048*
Drugs Clarithromycin 1(5.9%) 4 (20%) 5(13.5%) 10.348
Hydroxychloroquine 2(11.8%) 1(5%) 3(8.1%) 10.584
Lopinavir/ritonavir 8 (47.1%) 9 (45%) 17 (45.9%) 21.000
Favipiravir 10 (58.8%) 13 (65%) 23 (62.2%) 20.963
IVIG 0 (0%) 1(5%) 1(2.7%) 11.000
Plasmapheresis 1(5.9%) 4 (20%) 5(13.5%) 10.348
Tocilizumab 3(17.6%) 3(15%) 6(16.2%) 11.000
Immune plasma 0 (0%) 1(5%) 1(2.7%) 11.000
Service 17 (100%) 20 (100%) 37 (100%) -
Anticoagulant
IcU 17 (100%) 20 (100%) 37 (100%) -
Not administered 6 (35.3%) 2 (10%) 8(21.6%) 30.220
40 mg 2 (11.8%) 1(5%) 3(8.1%)
Methylprednisolone
250 mg 8 (47.1%) 15 (75%) 23 (62.2%)
1000 mg 1(5.9%) 2 (10%) 3(8.1%)
Fisher’s Exact test, 2Continuity (Yates) Correction, *Fisher Freeman Halton Exact Test, p<0.05, ICU: intensive care unit, IVIG: intravenous immunoglobuline

in the United States showed that the pregnant women
with COVID-19 and the patients who were not pregnant
had similar disease characteristics, with a milder disease
severity.” In other words, COVID-19 was not a risk factor for
pregnancy. Another study conducted in the United Kingdom
including 91,412 female patients between the ages of 15
and 44 years and of whom 8,207 were pregnant reported
that the pregnant women needed hospitalization, ICU, and
MV support more.2 However, the aforementioned study
excluded non-survivors. Another cohort study conducted by
Tekbali et al.® in pregnant women within the first four weeks
of the pandemic also found that although the hospitalization
rate increased, this increase was relatively low compared to
the overall population.

On the other hand, studies conducted in the ongoing
process have shown that the COVID-19 is associated with
increased maternal mortality and morbidity in pregnant
women. Mortality in infected pregnant women has been

shown to be correlated with ethnicity, gestational week,
comorbidity, the need for oxygen at the time of hospital
admission, and the need for ICU and MV support. The ICU
admission time of the hospitalized pregnant COVID-19
patients varies from 7 to 10 days.'®'? Similarly, in our study,
the average time to ICU admission was 8 days.

All pregnant women monitored in the study of Kamran
et al. were in the third trimester. Obesity, diabetes mellitus,
hypertension, and asthma were the most frequently
observed comorbidities. The maternal age was higher in the
deceased cases.” Another study examining 20 maternal
deaths between the ages of 20 and 43 years showed
that 11 patients had comorbidities accompanying severe
pneumonia. Asthma was the most frequently observed
comorbidity." In our study, eight patients had comorbidities,
although there was no difference between two groups.
None of our patients had diabetes and/or hypertension. One
patient with asthma history died, while two other patients
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Table 3. Evaluation of oxygen therapies and CT results according to patient groups

Group 1 Group 2
0 (%) (n=17F; (n=2:) Total o
n (%) n (%)
MV 6 (35.3%) 20 (100%) 26 (70.3%) 0.001"
ECMO + MV 3(17.6%) 6 (30%) 9 (24.3%) 20.462
Nasal 9 (52.9%) 0 (0%) 9 (24.3%) 20,000"
Reservoir 10 (58.8%) 0(0%) 10 (27%) 20.000"
ICU COT
HFNO 7 (41.2%) 9 (45%) 16 (43.2%) 11.000
CPAP 5(29.4%) 9 (45%) 14 (37.8%) 10.526
Pulmonary Not taken 3(17.6%) 3 (15%) 6 (16.2%)
involvement on Below 50% 9 (52.9%) 0(0%) 9 (24.3%)
a Above 50% 5(29.4%) 17 (85%) 22 (59.5%) 30.000

"Continuity (Yates) Correction, 2Fisher’s Exact Test, 3Fisher Freeman Halton Exact Test, ‘p<0.05
ECMO: extracorporeal membrane oxygenation, MV: mechanical ventilation, ICU: intensive care unit, COT: conventional oxygen therapy, HFNO: high flow nasal oxygen, CPAP:
continuous positive airway pressure, CT: computed tomography

Table 4. Biochemical parameters according to patient groups

2\'-:1”_3 ! g:zu (;)) 2 Total o

Mean = SD (median) Mean  SD (median) Mean = SD (median)
WBC (4.00-10.00 10%/uL) 11.764.59 (11.42) 15.5248.58 (12.99) 13.7947.2 (12) 0315
CRP (0-5 mg/L) 60.72+61.88 (32.63) 89.83£57.34 (96.5) 76.46£60.44 (72.48) 0.053
Procalcitonin (<0.05 mcgr/L) 0.38+0.36 (0.2) 1.15+2.5 (0.26) 0.79+1.87 (0.23) 0.116
Ferritin (13-150 megr/L) 141.68+122.63 (104.7) 256.02£152.73 (238.3) 203.48£149.44 (166.4) 0.007"
D-dimer (0-0.55 mg/L) 5.5948.28 (3.43) 6.9£9.13 (4.04) 6.3£8.66 (3.65) 0.583
Fibrinogen (200-400 mg/dL) 534.06+112.26 (543) 517.6+213.54 (479.5) 525.16+172.44 (499) 0.253
INR (0.75-1.27) 0.97£0.1 (0.95) 1.08£0.17 (1.07) 1.03£0.15 (0.98) 0.034'
LDH (135-214 U/L) 453+124.47 (460) 541.45:217.81 (462) 500.81+184.18 (460) 0.368
Creatinine (0.5-0.9 mg/dL) 0.49+0.19 (0.46) 0.5120.28 (0.46) 0.5£0.24 (0.46) 0915
AST (6-40 U/L) 72.82497.78 (42) 65.86+81.04 (45) 69.06+87.91 (42) 0.964
ALT (6-33 U/L) 83.32+141.67 (24) 66.29+144.29 (22.5) 7411414136 (23) 0.807
EOS (0.02-0.5 10°/uL) 0.05+0.06 (0) 0.1240.21 (0) 0.090.16 (0) 0.472
Eiﬂ%ggl?/zif) 10.46£1.24 (10.6) 10.16£1.1 (9.9) 10.31.16 (10.1) 0,426
Hematocrit (40-54%) 32.03£2.99 (32) 31.39£3.27 (30.7) 31.6843.12 (31.3) 0,542
Platelet (100-400 10/uL) 231.65£99.26 (210) 315.55£106.67 (292.5) 277+110.37 (253) *0,019"

Mann-Whitney U test, *:Student t test, *: p<0.05

WBC: white blood cell; CRP: C-reactive protein; AST: aspartate aminotransferase; ALT: alanine aminotransferase; LDH: lactate dehydrogenase; INR: international normalized
ratio; EOS: eosinophil

survived. Three patients, who had hypothyroidism, survived
while one other patient died. In the non-survivor group, the
mean maternal age was 31.3+5.73 (32.5) years, and the

gestational age was 28.75+5.08 (28) weeks. Although there
was no statistically significant difference in our study, the
maternal age was higher among the non-survivors.
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Table 5. Length of ICU stay and total length of hospital stay according to patient groups

Group 1(n=17) Group 2 (n=20) Total

Mean + SD (median) Mean + SD (median) Mean + SD (median) P
ICU length of stay 16£18.4 (9) 13.249.3 (10.5) 14.49+14.07 (9) 0.647
Total length of stay in hospital 27.65+18.54 (20) 17.749.14 (17.5) 22.27+14.9 (18) 0.099

Mann-Whitney U test, ICU: intensive care unit

The study conducted by Juan et al, in which they
examined the maternal deaths caused by the COVID-19,
reported that severe pulmonary damage had been detected
in all patients in consequence of CT evaluation, and that
the ground glass opacity was the most specific finding.” In
our study, all of 31 patients who were examined with CT
had pulmonary findings, and all of the non-survivors had
widespread bilateral infiltration and ground glass opacity
(above 50%). However, although they had over 50% CT
involvement, five pregnant patients (22%) survived.

Although there is a limited number of data regarding the
ECMO application in PCR-confirmed COVID-19 pregnant
patients, there are case reports with satisfactory results.’s"”
In our study, we applied venous-venous ECMO therapy to
nine patients in whom sufficient oxygenation could not be
achieved despite the maximum MV support. Eight cases
were supported with ECMO after emergency C/S due to
maternal hypoxia. The survival rate was 33.3%. In only
one of these cases (gestational age: 26 weeks), pregnancy
continued; this patient, whose pregnancy continued healthily,
was discharged without any sequelae in the room air after
discharging her from the ECMO unit. In her follow-up,
a healthy and normal infant was born at the 36™ week of
pregnancy. The mean ECMO duration was longer among
survivors, and this duration was shorter in six patients who
died, and these patients were lost due to multiple organ
dysfunction syndrome caused by prolonged hypoxia and
insufficient tissue perfusion. Taken together, we believe that
the ECMO support is beneficial in eligible cases to prevent
pulmonary damage caused by the COVID-19 and prolonged
hypoxia in the lung tissue recovery period.

In our study, the emergency C/S was applied to 70.3%
of the patients in the ICU settings due to maternal hypoxia
and to 13.5% due to preeclampsia. Three of the six patients
to whom C/S was not died. The gestational week of non-
survaving patients was below 21 weeks (18, 20, and 20
weeks). All of them had over 50% pulmonary involvement
on CT and were under MV support due to maternal hypoxia.
In the surviving group, the pregnancy of three patients (20,

26, and 33 weeks) continued healthily; lung involvement on
CT was below 50%, and the patients receiving conventional
oxygen therapy were discharged from the ICU. The results
of the INTERCQOVID study comparing 706 COVID-19 positive
pregnant women with 1424 non-infected pregnant patients
also indicate that the premature C/S, maternal morbidity
and mortality risks in the infected pregnant women have
increased due to eclampsia/preeclampsia, fetal distress, or
maternal hypoxia.'®

In our study, there were 23 patients, who gave birth to
their children under the spinal anesthesia method. During
the operation no changes were made about respiratuar
suppert or anestesia method. But after the surgery 16 of
these patients needed MV support due to maternal hypoxia,
and 11 of these patients were lost. Based on these findings,
we consider that it is necessary to evaluate the clinical
condition, arterial blood gas analysis, and oxygenation of
the patient while selecting the most appropriate anesthesia
method.

In the COVID-19 pneumonia characterized by tachypnea,
hypoxaemia, widespread pulmonary infiltration, and diffuse
lung damage, acute respiratory distress syndrome (ARDS)
is the most frequently observed cause of death.”® The
RECQVERY trial recommended the administration of the low-
dose dexamethasone for the patients whose oxygen needs
were high or for patients under MV support.2° There are also
reports suggesting the use of methylprednisolone that has a
higher implantation to the lung tissue in ARDS treatment.?'?
In our study, there was no relationship between the use of
methylprednisolone and mortality. On the other hand, the
corticosteroids may cause increase in the maternal infections
due to immunosuppression. 2 \We consider that the use of
corticosteroid may have played a role in the existence of the
bacterial secondary infections confirmed with the blood and
trachea cultures in the single intensive care rooms of our
hospital that was transformed into a pandemic hospital in
March 2020 despite the tight control of the Infection Control
Committee and the maximum hand hygiene and isolation
measures. Therefore, we consider that a careful cost-benefit
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analysis in the patient selection and a close follow-up of the
patients using corticosteroid against the bacterial secondary
infections would be beneficial.

In the clinical follow-up of COVID-19 cases, the laboratory
findings are also critical and, thus, INR, D-dimer, fibrinogen,
procalcitonin, CRP WBC, platelet count, and ferritin must
be monitored. In our study, the elevated levels of ferritin,
INR, and platelet counts were found to be correlated with
mortality. However, although these values were higher
among non-survivors, the INR and platelet counts were with
in normal limits. Overall, we detected low levels of anemia
and eosinophil count, as well as high D-dimer, fibrinogen,
LDH, WBC, procalcitonin, and CRP levels. Our results are
consistent with previous findings in the literature.?+2

Several studies have reported that vaccination decreases
ICU admission and mortality in the course of the COVID-
19 infection. It was not different for the pregnant patients,
either.?6?” None of the patients who were in the intensive
care unit and included in our study was immunized (one
patient was vaccinated incompletely, while 36 patients were
not vaccinated at all). As there is still no definitive treatment
method and antiviral medication for the pregnant patients
infected with COVID-19, we consider that immunization
by vaccination must be given the top priority in this patient
group that may have high mortality rates, as well.

Nonetheless, there are some limitations to this study.
Since our study was designed retrospectively, it did not
include information on the variant analysis of the infected
patients. At the beginning of the pandemic, the clinical
results of the pregnant patients were not different when
compared to the non-pregnant patients in the same age
group. Mesnwhile, the dominant variant was the alpha
variant. We consider that the later reports of mortality may
have been caused by the change in the dominant viral
variants. Conducting a variant analysis in the future studies
may be a guide in predicting the course of the disease.

As the case number increases, new prognostic factors
would be identified in relation to mortality.

Conclusion

In conclusion, advanced age, gestational week,
vaccination status, ICU length of stay, pulmonary
involvement on CT (over 50%), and MV requirement can
affect the mortality status of pregnant women infected
with COVID-19. In addition, MV combined with ECMO is an

effective rescue therapy for pregnant women with COVID-19
pneumonia in the ICU setting. However, anesthesia method
for delivery should be selected individually. Further large-
scale, prospective studies are warranted to confirm these
findings and to gain a better understanding of COVID-19
pneumonia in pregnant women.

Ethics

Ethics Committee Approval: The study was approved
by the Republic of Turkey, Ministry of Health and University
of Health Sciences Turkey, Sancaktepe Sehit Prof. Dr. llhan
Varank Training and Research Hospital Non-invasive Research
Ethics Committee (date: 12.01.2022) and conducted in
accordance with the principles of the Declaration of Helsinki.

Informed Consent: Retrospective study.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: S.T.,, Concept: S.T,
Design: S.T,, E.A., N.B., Data Collection and Process: S.T,
E.E.O., Analysis or Interpretation: S.T,, E.A., N.B., Literature
Search: S.T., Writing: S.T.

Conflict of Interest: No conflict of interest was declared
by the authors.

Financial Disclosure: The authors declared that this
study received no financial support.

References

1. Goodnight WH, Soper DE. Pneumonia in pregnancy. Crit Care Med.
2005 Oct;33 : 390-7.

2. Alserehi H, Wali G, Alshukairi A, Alraddadi B. Impact of Middle East
respiratory syndrome coronavirus (MERS- CoV) on pregnancy and
perinatal outcome. BMC Infect Dis 2016;16:105.

3. Landt S, Sina F Kimmig R, Schmidt M. H1N1 - Risikofaktor
Schwangerschaft [H1N1-pregnancy as risk factor]. Z Geburtshilfe
Neonatol. 2010 Apr; 214 : 48-51.

4. World Health Organisation (WHO) Coronavirus disease (COVID-19)
Pandemic. Geneva: WHO 2020. Available at https://www.who.int/
emergencies/ diseases/novel-coronavirus-2019. Accessed 1 April
2020.

5. Eman A, Balaban O, Kocayigit H, Siner KO, Cirdi Y, Erdem
AF Maternal and Neonatal Outcomes of Critically Il Pregnant
and Puerperal Patients Diagnosed with COVID-19 Disease:
Retrospective Comparative Study. J Korean Med Sci. 2021 Nov
15,36(44): €309.

6. Allotey J, Stallings E, Bonet M, Yap M, Chatterjee S, Kew T, et al.;
for PregCOV-19 Living Systematic Review Consortium. Clinical
manifestations, risk factors, and maternal and perinatal outcomes
of coronavirus disease 2019 in pregnancy: living systematic review
and meta-analysis. BMJ. 2020 Sep 1;370:m3320. doi: 10.1136/bmj.
m3320. PMID: 32873575; PMCID: PMC7459193.

7. Breslin N, Baptiste C, Gyamfi-Bannerman C, Miller R, Martinez
R, Bernstein K, et al. Coronavirus disease 2019 infection among



Tekin et al. Pregnant Women with Covid-19& ECMO

asymptomatic and symptomatic pregnant women: two weeks
of confirmed presentations to an affiliated pair of New York
City hospitals. Am J Obstet Gynecol MFM. 2020;2(2):100118.
doi:10.1016/j.ajogmf.2020.100118.

Ellington S, Strid P Tong VT, Woodworth K, Galang RR, Zambrano
LD, et al. Characteristics of Women of Reproductive Age with
Laboratory-Confirmed SARS-CoV-2 Infection by Pregnancy Status
- United States, Morb Mortal Wkly Rep. 2020 Jun 26; 69: 769-775.
Tekbali A, Griinebaum A, Saraya A, McCullough L, Bornstein E,
Chervenak FA. Pregnant vs nonpregnant severe acute respiratory
syndrome coronavirus 2 and coronavirus disease 2019 hospital
admissions: the first 4 weeks in New York. Am J Obstet Gynecol.
2020 Jul;223(1):126-127.

Villar J, Ariff S, Gunier RB, Thiruvengadam R, Rauch S, Kholin A, et
al. Maternal and Neonatal Morbidity and Mortality Among Pregnant
Women With and Without COVID-19 Infection: The INTERCOVID
Multinational Cohort Study. JAMA Pediatr. 2021 Aug 1;175(8):817-
826.

Mark EG, McAleese S, Golden WC, Gilmore MM, Sick-Samuels
A, Curless MS, et al. Coronavirus Disease 2019 in Pregnancy and
Outcomes Among Pregnant Women and Neonates: A Literature
Review. Pediatr Infect Dis J. 2021 May 1,40:473-478.

Siqueira TS, Souza EKG, Martins-Filho PR, Silva JRS, Gurgel RQ,
MTropMed LEC, et al. Clinical characteristics and risk factors
for maternal deaths due to COVID-19 in Brazil: A nationwide
population-based cohort study. J Travel Med. 2022 Jan 4:taab199.
doi: 10.1093/jtm/taab199. Epub ahead of print. PMID: 34983057;
PMCID: PMC8755388.

Hessami K, Homayoon N, Hashemi A, Vafaei H, Kasraeian M, Asadi
N. COVID-19 and maternal, fetal and neonatal mortality: a systematic
review. J Matern Fetal Neonatal Med. 2022;35(15):2936-2941.
Maira L. S. Takemoto, Mariane O. Menezes, Carla B. Andreucci,
Roxana Knobel, Liduina A. R. Sousa, Leila Katz, Eduardo B. Fonseca,
et al.Maternal mortality and COVID-19, The Journal of Maternal-
Fetal & Neonatal Medicine. 2022;35(12):2355-2361.

Juan J, Gil MM, Rong Z, Zhang Y, Yang H, Poon LC. Effect of
coronavirus disease 2019 (COVID-19) on maternal, perinatal and
neonatal outcome: systematic review. Ultrasound Obstet Gynecol.
2020;56(1):15-27.

Douglass KM, Strobel KM, Richley M, Mok T, de St Maurice A,
Fajardo V, et al. Maternal-Neonatal Dyad Outcomes of Maternal

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

COVID-19 Requiring Extracorporeal Membrane Support: A Case
Series. Am J Perinatol. 2021 Jan;38(1):82-87.

Barrantes JH, Ortoleva J, O'Neil ER, Suarez EE, Beth Larson S,
Rali AS, et al. Successful Treatment of Pregnant and Postpartum
Women With Severe COVID-19 Associated Acute Respiratory
Distress Syndrome With Extracorporeal Membrane Oxygenation.
ASAIO J. 2021 Feb 1;67(2):132-136.

Bauer ME, Chiware R, Pancaro C. Neuraxial Procedures in COVID-
19-Positive Parturients: A Review of Current Reports. Anesth Analg.
2020;131(1):e22-e24.

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical
Characteristics of Coronavirus Disease 2019 in China. China
Medical Treatment Expert Group for Covid-19. N Engl J Med. 2020
Apr 30; 382(18):1708-1720.

University of Oxford. The Recovery trial. https://www.recoverytrial.
net/. Accessed March4, 2021.

Meduri GU, Bridges L, Shih MC, Marik PE, Siemieniuk RAC, Kocak
M. 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. 2016 May;42(5):829-840.

Magala Ssekandi A, Sserwanja Q, Olal E, Kawuki J, Bashir Adam
M. Corticosteroids Use in Pregnant Women with COVID-19:
Recommendations from Available Evidence. J Multidiscip Healthc.
2021;14:659-663.

V Mariotti, AM Marconi & G Pardi. Undesired effects of steroids
during pregnancy, The Journal of Maternal-Fetal & Neonatal
Medicine, 2020; 16:2, 5-7.

Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are
associated with poor prognosis in patients with novel coronavirus
pneumonia. J Thromb Haemost. 2020 Apr;18(4):844-847.

Zhang L, Yan X, Fan Q, Liu H, Liu X, Liu Z, et al. D-dimer levels on
admission to predict in-hospital mortality in patients with Covid-19.
J Thromb Haemost. 2020;18(6):1324-1329.

Bookstein Peretz S, Regev N, Novick L, Nachshol, M., Goffer,
E., Ben-David, et al. Short-term outcome of pregnant women
vaccinated with BNT162b2 mRNA COVID-19 vaccine. Ultrasound
Obstet Gynecol. 2021;58(3):450-456.

Rasmussen SA, Jamieson DJ. COVID-19 and Pregnancy [published
online ahead of print, 2022 Jan 31]. Infect Dis Clin North Am.
2022;doi:10.1016/}.idc.2022.01.002.



