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Abstract

Aim: The study aimed to describe clinical characteristics and outcomes of pregnant women with COVID-19
undergoing cesarean section, and evaluated the association of blood values at admission with severe
COVID-19 disease in this group of patients.
Method: We retrospectively analyzed the clinical data of 110 patients infected with COVID-19 who under-
went cesarean section at Adana City Education and Research Hospital in Turkey. The COVID-19 severity of
the patients was classified as either severe or nonsevere disease according to World Health Organization of
COVID-19 clinical management guidance. We compared blood values, clinical characteristics, and outcomes
between severe and nonsevere patients. Receiver operating characteristics (ROC) curves analyses and area
under the ROC curve (AUC) value was calculated to evaluate the predictive value of blood parameters on
the COVID-19 severity.
Results: Of the 110 women, 12 were severe cases. Severe patients had higher ferritin, neutrophil-to-
lymphocyte ratio (NLR), lactate dehydrogenase (LDH), alanine transaminase (ALT), aspartate transaminase
(AST), and procalcitonin levels on admission (p < 0.05). The ROC analysis demonstrated AUC of NLR, LDH,
AST, ALT, ferritin, and procalcitonin was 0.757, 0.856, 0.840, 0.771, 0.821, and 0.698, respectively. The LDH
had a maximum specificity (90.8%), with the cutoff value of 365. The O-blood group was more likely to have
severe illness than the non-O-blood group (relative risk: 3.6; 95% confidence interval; 1.2–10.4).
Conclusion: This study shows that LDH values at admission are an early and powerful predictor of severe
infection for pregnant women with COVID-19 who will undergo a cesarean section.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic,
caused by the severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2), is affecting many
women during pregnancy and postpartum world-
wide. Pregnant women and their fetuses are a high-
risk group during infectious disease epidemics.
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Pregnancy-related physiological changes and immu-
nological adaptations increase susceptibility to infec-
tions and have serious effects on the severity and
outcome of viral diseases in pregnant women.1,2 Pre-
vious studies on the 2009 H1N1 influenza virus found
that pregnancy increased the risk of severe pneumo-
nia, acute respiratory distress syndrome (ARDS),
mechanical ventilation, and mortality when compared
to nonpregnant women of reproductive age.3,4 Similar
findings were observed during the severe acute respi-
ratory syndrome and Middle East respiratory distress
syndrome outbreaks, in which pregnant women were
more likely to suffer organ failure and die.2,5

Several studies have reported the perioperative out-
come of SARS-CoV-2-infected patients.6,7 A recent
study found that surgical mortality was 23.8% in
patients infected with COVID-19, and more than half
of patients developed postoperative pulmonary com-
plications.6 In a similar study, mortality in surgical
patients was shown to be two times higher in
COVID-19-infected patients.7 In a recently published
meta-analysis, Francesca et al reported 8% of the
pregnant women with COVID-19 needed intensive
care unit (ICU) admission.8 The authors reported
maternal mortality in 5 out of 1100 pregnant women.
The finding of that meta-analysis showed the most
frequent laboratory findings in pregnant women with
COVID-19 were elevated C-reactive protein (CRP)
and lymphocytopenia. Other studies showed that
increased lactate dehydrogenase (LDH), procalcitonin,
RDW, and liver enzymes are associated with COVID-
19 severity.9–11 It is also well known that patients with
severe disease were more likely to have any comorbid
disease.12 Assuming that surgery and COVID-19 dis-
ease association increase adverse maternal outcomes,
information on specific risk factors for severe COVID-
19 infection among pregnant women may become
important in the early recognition of this vulnerable
population. To date, there are limited data examining
the role of blood markers in COVID-19 infected preg-
nant women undergoing cesarean delivery.

To address the above issues, we conducted a retro-
spective cohort study focusing only on COVID-
19-infected pregnant women who underwent cesar-
ean section at our tertiary referral center, Adana City
Education and Research Hospital, Turkey. Our pri-
mary objective was to describe the perioperative char-
acteristics of pregnant women infected with COVID-
19 who underwent cesarean section and their mater-
nal and neonatal outcomes. As a secondary objective,
we assessed the baseline values of laboratory indices,

inflammatory biomarkers, and hemocytometer vari-
ables of pregnant women and their association with
the severity of COVID-19 infection.

Materials and Methods

This single-center retrospective cohort analysis was
conducted on pregnant women with confirmed
SARS-CoV-2 infection who were admitted to Adana
City Education and Research Hospital and underwent
cesarean section between April 1, 2020, and June
1, 2021. Turkey has the fourth-highest number of
cases in Europe,13 and Adana is the most populous
city in Turkey’s south. Annually, Adana City Educa-
tion and Research Hospital receives approximately
12 000 births.14 With the COVID-19 pandemic, the
Turkish Ministry of Health released a guideline
including testing, treatment, hospitalization, and ICU
admission of COVID-19 patients.15 We follow this
guideline in our clinical practice. Due to the city’s
high COVID-19 prevalence, COVID-19 reverse
transcription-polymerase chain reaction (RT-PCR)
testing has been routinely performed on all patients
undergoing surgery since April 1, 2020. The study
was approved by the Turkish Ministry of Health and
Institutional Review Board (May-2021, Ref 1392-80)
and conducted in accordance with the principles of
the Helsinki Declaration.
The inclusion criteria were parturients who under-

went cesarean section and had a positive RT-PCR test
result for COVID-19 with nasopharyngeal swabs. The
COVID-19 diagnosis was made according to the
World Health Organization’s interim guidance.16 We
excluded pregnant women with incomplete data.
COVID-positive pregnant women who had vaginal
birth were also excluded, as our specific aim in this
study was to examine risk factors and outcomes after
cesarean section.
Our blood panel investigation for the cesarean

section includes complete blood count, blood glucose,
blood type, aminotransferase (AST), alanine amino-
transferase (ALT), bilirubin, urea, creatine, and coagu-
lation tests. If the patient is hospitalized with COVID-
19, procalcitonin, CRP, D-Dimer, fibrinogen, LDH,
and ferritin levels are also checked.
The patients’ written and electronic medical charts

were reviewed. The following data were recorded:
maternal age, gestational age, gravida, parity, comor-
bid disease, clinical symptoms, a laboratory at admis-
sion, therapy for COVID-19, radiographic findings of
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patients, indication for cesarean section, American
Society of Anesthesiologists score, type of anesthesia,
hypotension during surgery, need for blood transfu-
sion, need for ICU admission, need for ventilator sup-
port, hospital mortality, neonatal outcomes, and
maternal outcomes. Hypotension is defined as a fall
in systolic blood pressure of more than 20% below the
baseline and to less than 100 mmHg.17

The patients were divided into two groups: severe
and nonsevere COVID-19 disease. Patients with
severe disease were defined as having a fever or any
signs of respiratory tract infection and at least one of
the following: respiratory rate ≥30/min, severe respi-
ratory distress (dyspnea, use of accessory respiratory
muscles), or room oxygen saturation in air ≤90%
(PaO2/FiO2 <300 in patients receiving oxygen).18

Our obstetric management was as follows. For
women with severe COVID-19 disease, delivery was
considered for new or worsening oxygen requirement
if they were at or near term. COVID-19 was not con-
sidered an indication for cesarean delivery. However,
patients who needed intubation or whose oxygen sat-
uration did not rise above 92% despite high oxygen
therapy, regardless of gestational age, underwent
emergency cesarean section. Asymptomatic and non-
severe COVID-19 patients were followed up for
developing severe disease and self-isolation was rec-
ommended. The timing of delivery for those patients
was decided according to obstetric/medical indica-
tions. If a pregnant woman with asymptomatic or
nonsevere COVID-19 disease developed severe
COVID-19 disease, she was treated as described for
severe COVID-19 disease.

Statistical analysis

The Shapiro–Wilk test was used to verify the normal-
ity of the distribution of continuous variables. Contin-
uous variables are presented as mean � SD or
median (interquartile range: 25%–75%) in the pres-
ence of abnormal distribution, and categorical vari-
ables are presented as frequencies (%). Comparisons
between the groups were made using Fisher’s exact
test for categorical variables, the independent samples
t-test for normally distributed continuous variables,
and the Mann–Whitney U test for abnormal distribu-
tions. Receiver-operating characteristic (ROC) curves
were used to analyze the power of laboratory indices
at admission in predicting the severity of COVID-19.
The optimal cutoff points for each parameter were
determined using Youden’s index (sensitivity + speci-
ficity �1) and the maximized area under the

curve (AUC). Sensitivity and specificity were calcu-
lated for these cutoff values. All statistical procedures
were performed using SPSS version 18.0 (SPSS,
Inc., Chicago, IL). A p value of <0.05 was considered
significant.

Results
General characteristics, maternal, and fetal
outcomes

There were 11 303 deliveries performed at Adana City
Education and Research Hospital during the study
period. Of these, 6508 (57.6%) were cesarean sections;
177 (1.6%) COVID-19 RT-PCR positive pregnant
women delivered. Sixty-seven patients were excluded
from the study because of vaginal delivery (n = 61)
and incomplete data (n = 6). The maternal baseline,
clinical characteristics, and pregnancy outcomes of
110 women included in the study are presented in
Tables 1 and 2. Their mean age was 31 � 6 years. Of
the 110 women, 106 (96.4%) were in their third trimes-
ter and four (3.6%) were in their second trimester of
gestation. There were three stillbirths. Of the 110 cesar-
ean sections, 26 were emergency procedures related
to fetal indications (11/26), maternal obstetric indica-
tions (7/26), and severe COVID-19 disease in the
mother (8/26). Four women delivered twins. Preterm
delivery occurred in 37 of 110 women who gave birth
to 38 of 111 live neonates. There was 17 early preterm
deliveries (gestation at less than 34 weeks). Maternal
COVID-19 severity was associated with lower gesta-
tional age at birth and an increased risk of preterm
birth (p < 0.05). Of the 110 women, 89.1% (98/110)
were operated on under spinal anesthesia. Hypoten-
sion was observed in 33.7% (33/98) of the patients
under spinal anesthesia. Intraoperatively, only one
patient required blood transfusion due to placenta
previa.

Initial blood values and COVID-19 severity

According to the respiratory system parameters of
110 pregnant patients, 12 (10.9%) were severe
COVID-19 and 98 (89.1%) were nonsevere COVID-19
cases. The first presentation of 11 of 12 severe patients
was mild disease. These patients were followed in
obstetric service designed for COVID-19 pregnant
women. Eight of them developed the severe COVID-
19 disease and underwent an emergency cesarean sec-
tion. The other three patients and one asymptomatic
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patient (four patients) also developed severe COVID-
19 disease when they were postpartum period.

The blood values of severe and nonsevere COVID-
19 patients upon first admission to the hospital are
compared in Table 3. Compared to the nonsevere
patients, ferritin (p < 0.001), neutrophil-to-lymphocyte
ratio (NLR) (p = 0.009), lactate dehydrogenase (LDH)
(p < 0.001), alanine transaminase (ALT) (p = 0.003),
aspartate transaminase (AST) (p < 0.001), and pro-
calcitonin (p = 0.022) levels in severe patients were
significantly higher at admission. The ROC curves

analysis was used to compare the performance of
these variables to predict severe disease, and the ana-
lytical results of these curves are shown in Table 4.
The AUC for NLR, LDH, AST, ALT, ferritin, and

procalcitonin were 0.757, 0.856, 0.840, 0.771, 0.821,
and 0.698, respectively (Figure 1). Among laboratory
indices, the AUC of LDH is the largest. As deter-
mined at admission, the best cut-off value of LDH for
predicting COVID-19 severity was 365, with a sensi-
tivity of 0.727 and specificity of 0.908. These results
with LDH were greater than all other indices.

TABLE 1 Demographic and characteristics of COVID-19 patient

Variables
Severe patients
(n = 12)

Non-severe patients
(n = 98)

All patients
(n = 110) p-Value

Age, median (min.–max.), years 31 (21–36) 30 (19–42) 30 (19–42) 0.758a

Gestational age, median (min.–max.),
weeks

35 (22–38) 37 (28–41) 37 (22–41) 0.005a

Maternal country of birth
Turkey 10 (83.3%) 92 (93.9%) 102 (92.7%) 0.21b

Syria 2 (16.7%) 6 (5.1%) 8 (7.3%)
Coexisting disorders

Pneumonia 12 (100%) 45 (45.6%) 57 (51.8%) 0.003c

Preeclampsia/hypertensive disease 3 (25%) 8 (8.2%) 11 (10%) 0.09c

Diabetes (pregestational and
gestational)

2 (16.7%) 7 (7.1%) 9 (8.1%) 0.25c

Asthma 2 (16.7%) 3 (3.1%) 5 (4.5%) 0.091c

ASA score
2 3 (25%) 79 (80.1%) 82 (74.5%) 0.001c

3 4 (33.3) 16 (16.3%) 20 (18.2%) 0.22c

4 5 (41.7%) 3 (3.1%) 8 (7.3%) <0.001c

Emergency operation 8 (66.7%) 18 (18.4) 26 (23.6%) <0.001c

Nulliparity 1 (8.3%) 17 (17.3%) 18 (16.4%) 0.68c

Twin pregnancies 1 (8.3%) 3 (3.1%) 4 (3.6%) 0.37c

Note: Significant values are in bold and italics. Abbreviation: ASA, American Society of Anesthesiology. aMann–Whitney U test.; bFisher
exact test for two race groups. and cFisher exact test.

TABLE 2 Characteristics and outcomes of newborn babies whose mothers tested positive for COVID-19

Variables
Severe patients
(n = 12)

Non-severe patients
(n = 98)

All patients
(n = 110) p-Value

Gestational age <37 weeks at
delivery

8 (66.7%) 29 (29.6%) 37 (33.6%) 0.019b

Gestational age <34 weeks at
delivery

5 (41.7%) 9 (9.2%) 14 (12.7) 0.007b

Stillbirth 1 (8.3%) 2 (2%) 3 (2.7%) 0.295b

Neonates, Noa 12 99 111
Weight, median (min.–max.), g 2600 (1340–3150) 3200 (1630–4470) 3150 (1340–4470) 0.01c

1-min Apgar score 7 ≤ 4 (33.3%) 13 (13.1%) 17 (15.3%) 0.08b

5-min Apgar score 7 ≤ 2 (16.6%) 2 (2%) 4 (3.6%) 0.057b

Note: Significant values are in bold and italics. aIncludes multiple births but excludes stillbirths.; bFisher exact test. and cMann–Whitney
U test.
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The ABO-blood groups of the 110 pregnant women
displayed a frequency distribution of 44.5%, 15.5%,
11.8%, and 28.2% for A, B, AB, and O, respectively.
Among 110 pregnant women, those in the O-blood
group were more likely to have a severe illness (7/31)
than the non-O-blood group (5/79) (relative risk: 3.6;
95% confidence interval, 1.2–10.4).

Intensive care follow-up

Among the 110 pregnant women, 14 (12.7%) required
ICU admission, 5 (4.5%) required mechanical ventila-
tion, and 4 (3.6%) died from COVID-19. The reasons
for ICU admission were respiratory failure due to
severe COVID infection in 12 patients, obstetric
hemorrhage in 1 patient, and liver toxicity in another.
The median length of stay in the ICU was 7.5 days
(interquartile range: 4.75–12 days). Pneumothorax devel-
oped in three (2.7%) patients and pneumomediastinum
with pneumothorax developed in one patient (0.9%).
One patient who developed pneumothorax was being

TABLE 3 Comparison of admission laboratory values of pregnant patients with severe versus nonsevere COVID-19

Variable All patients Nonsevere patients Severe patients p-Value

Age (median, IQR) 30 (25–36) 30 (25–36) 31 (25–33) 0.758
White blood cell (�103/mm3) 9.9 (7–13) 9.7 (7–12.5) 11.6 (17.3–15.6) 0.151
NLR 7 (5.1–10.3) 6.2 (5–9.2) 10 (7.2–15.7) 0.009
LDH (U/L) 259 (212–329.5) 255 (204–295.5) 447 (270–526) <0.001
ALT (U/L) 15 (9–19) 14 (9–18) 20 (16.2–36) 0.003
AST (U/L) 25 (19–35) 22 (19–31) 50.5 (32.7–75.5) <0.001
Ferritin (ng/mL) 20 (11–56) 14 (10–38) 78 (41.2–129) <0.001
Hemoglobin (g/dL) 11.2 (19.9–12.1) 11.3 (9.9–12.5) 11 (9.9–12.3) 0.875
RDW (%) 15 (14–16.1) 15 (13.9–15.9) 15.2 (14.4–16.9) 0.271
D-dimer (μg/L) 1160 (789–2145) 1260 (810–2450) 922 (530–1310) 0.128
C-reactive protein (mg/L) 43 (10–91.4) 27.9 (8.5–27.9) 76.2 (33–112.5) 0.064
Procalcitonin (ng/L) 0.07 (0.04–0.11) 0.05 (0.03–0.1) 0.13 (0.06–0.55) 0.022

Note: Significant values are in bold and italics. p-Values represent Mann–Whitney U test results. and Abbreviations: ALT, alanine amino-
transferase; AST, aspartate aminotransferase; IQR, interquartile range; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio;
RDW, red cell distribution width.

TABLE 4 ROC curve analysis of NLR, LDH, ferritin, AST, ALT, and procalcitonin for severe COVID-19

Variables AUC SD 95% CI Cut-off Sensitivity (%) Specificity (%) p-Value

NLR 0.757 0.074 0.708–0.972 8.8 72.7 75.4 0.007
LDH (U/L) 0.856 0.050 0.759–0.953 365 72.7 90.8 <0.001
ALT (U/L) 0.771 0.070 0.632–0.909 16.5 72.7 70.8 0.004
AST (U/L) 0.840 0.067 0.759–0.953 34 72.7 81.5 <0.001
Ferritin (ng/ml) 0.821 0.060 0.704–0.938 41.5 72.7 78.5 0.001
Procalcitonin (ng/L) 0.698 0.078 0.545–0.850 0.07 63.6 60 0.038

Note: Significant values are in bold and italics. and Abbreviations: ALT, alanine transaminase AST, aspartate transaminase; AUC, area
under the curve; CI, confidence interval; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio.

FIGURE 1 Receiver-operating characteristic (ROC) curve
for predicting the severity of COVID-19 using NLR,
LDH, ferritin, AST, ALT, and procalcitonin at
admission. ALT, alanine transaminase; AST, aspartate
transaminase; LDH, lactate dehydrogenase; NLR,
neutrophil-to-lymphocyte ratio
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followed up with using high-flow nasal cannula in spon-
taneous respiration, and there was no known risk factor
for pneumothorax. Another patient developed bilateral
pneumothorax while intubated (Figure 2). The ICU
duration of stay (83 days) and mechanical ventilation
(41 days) was prolonged. Despite having two CPRs (less
than 10 minutes), she was discharged from the hospital
without support after 120 days. Deep vein thrombosis
was also diagnosed in one patient and brachial artery
thrombosis in another. The medical records of four
patients who died were analyzed for risk factors. One
patient had diabetes mellitus, obesity, and hypertension,
another had autoimmune thyroid disease, another had

macrophage activation syndrome with COVID-19, and
the fourth had no known risk factors.

COVID-19-related clinical findings and treatment

The most commonly reported symptoms among the
110 pregnant patients were cough (31.8%), shortness
of breath (13.6%), tiredness (11.8%), fever (8.2%), and
muscle aches (7.2%); 53.6% (59/110) were asymp-
tomatic. Of the 95 pregnant women who underwent
chest computed tomography, 50 (52.6%) had abnor-
malities suggestive of pneumonia or ARDS. Among
the patients with available data, 89.1% received
antiviral treatment (favipiravir or a lopinavir and

FIGURE 2 Chest CT and X-ray imaging of the patient. (a) In the posterior–anterior chest X-ray imaging, drainage cathe-
ters in the upper lobes of both lungs and pneumothorax in the left lung are observed. (b) In the axial chest CT image
parenchymal window, pneumothorax in both lungs and consolidated areas in the lung parenchyma, interlobular thick-
ening, bronchiectasis changes, and a drain catheter in the anterior upper lobe of the right lung are observed. (c) In the
axial chest CT image parenchymal window, pneumothorax in both lungs, and a drain catheter in the left lung upper
lobe anterior are observed. (d) In the axial chest CT image parenchymal window, an intubation tube is observed in the
trachea with pneumothorax in both lungs and consolidations in both upper lobes
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ritonavir combination). Eleven patients (10%) received
hydroxychloroquine in addition to antiviral and antibi-
otic regimens. One patient (0.9%) treated with levo-
floxacin and hydroquinone developed long QT and
bradycardia.

Discussion

This retrospective cohort study includes 110 patients
with confirmed COVID-19 positivity and who were
undergoing cesarean section. Approximately half of
them were asymptomatic, and cough was the most
common symptom. Of the 110 patients, 96.4% were in
their third trimester. An invasive ventilator was
required in 4.5% of cases. The mortality rate was 3.6%
(4/110) in all patients, 28.6% (4/14) in patients need-
ing ICU admission, and 80% (4/5) in patients with
invasive mechanical ventilation. There were three
stillbirths, and the preterm birth rate was 33.6%.
An increased risk of preterm delivery and fetal

compromise has been described in pregnancies com-
plicated with COVID-19.1,19–21 The majority of preg-
nant women in the study were in their third trimester,
and approximately one-third of them delivered pre-
term. Importantly, our study supports that preterm
delivery and low birth weight are associated with
maternal COVID-19 severity.
Past studies showed a high preference for regional

anesthesia in COVID-19 patients.20,21 In this study,
89.1% of the patients were operated on under spinal
anesthesia. Before the COVID-19 pandemic, we
reported that only 35.8% of pregnant women were
operated on under neuraxial anesthesia.22 Compared
to our previous report, this shows an increased ten-
dency to use neuraxial techniques in pregnant women
with COVID-19. In an earlier study, Chen et al.23

found the rate of hypotension to be 86% in pregnant
women infected with COVID-19 who underwent
regional anesthesia. Several later studies addressed
this concern and reported that COVID-19 positivity
did not increase susceptibility to hypotension follow-
ing neuraxial blocks.24,25 We observed hypotension in
33.7% of the patients under spinal anesthesia, which
is comparable to other studies.
Analyzing our patients’ first-admission laboratory

values revealed that NLR, LDH, AST, ALT, ferritin,
and procalcitonin were all significantly elevated in the
group of pregnant women with severe COVID-19 ver-
sus the nonsevere group (p < 0.05). Several studies
also had noted the importance of LDH as an indicator

of lung diseases. Poggiali et al.10 reported an inverse
correlation between LDH and oxygen index (arterial
partial pressure of oxygen/fraction of inspired oxy-
gen) in 123 patients infected with COVID-19, indicat-
ing that LDH elevation was associated with lung
injury. A systematic review revealed that elevated
LDH levels were related to a 5.33-fold increased risk
of poor outcomes.11 According to our ROC curve
analysis, LDH (AUC: 0.856) had the best performance
in predicting the severity of COVID-19. Combining
LDH with other clinical prognostic parameters could
provide an incremental predictive value for the dis-
ease severity.

Recent studies have demonstrated an association
between ABO-blood types and COVID-19 risk. Zhao
et al.26 claimed that the A-blood group was associated
with a higher risk of acquiring COVID-19 and that
the O-blood group was associated with a lower risk
of infection. Similarly, Ahmed et al.27 reported that
A-blood-group women had a higher risk of develop-
ing COVID-19 infection. However, Alina et al.28

investigated the association between ABO-blood-
group type and ARDS in 168 pregnant patients, find-
ing that the O-blood group’s risk of developing ARDS
was 2.96 times higher. Similarly, in the present study,
the risk of severe COVID-19 infection in the O-blood
group was 3.6 times higher than in the non-O-blood
group. The possible mechanism of the increased risk
in the O-blood group may be due to the differences in
von Willebrand factor (vWF) and plasma factor VIII
(FVIII) levels among the blood groups. ABO blood
types are the main determinant of plasma levels of
vWF and FVIII. Individuals with the O-blood group
have lower plasma levels of both glycoproteins
(approximately 25%).29 This association is of clinical
significance. It was found that the O-blood group was
associated with higher mortality, more bleeding, and
larger transfusion volumes in severe abdominal
trauma patients.30 Lior et al. reported that the
O-blood group was associated with an increased risk
of postpartum hemorrhage and hemoglobin drop.31

The discrepancies between previous studies and our
study might be explained by the structure of the
study group and the severity definition of COVID-19.
Our study includes a young, pregnant, and operated
patient group.

The studies have reported that COVID-19 infection
may confer adverse effects on pregnant women,
including maternal death, admission to ICUs, and
needing advanced oxygen support. The respiratory
management of critically ill pregnant women with
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COVID-19 has been limited to a small case series. Our
series describes 14 women requiring ICU admission
with a median duration of 7.5 days. Twelve of them
had severe COVID-19 pneumonia. Pneumothorax
developed in 21.4% (3/14) of the ICU patients. A
recent multicenter study showed a high incidence of
pneumothorax (13%) in mechanically ventilated
COVID-19 patients and its association with increased
mortality.32Although the mechanism is not exactly
known, it is partially explained by the alveolar wall
rupture caused by the rising pressure differential
between the alveolus and the pulmonary interstitium.
Thus, it is critical to monitor these complications
because early detection and intervention can signifi-
cantly minimize associated morbidity and mortality.

There are also several limitations in this report. The
first is that we did not include pregnant women who
delivered via vaginal birth; we also did not follow up
in the outpatient department, which may restrict our
findings’ generalizability to all pregnant women.
Cesarean section is a risk factor for maternal mortality
without a diagnosis of COVID-19. The combination of
surgery and COVID-19 infection may further increase
the risk. The second limitation is the study’s retro-
spective design and the relatively small number of
patients. The results must be interpreted under the
constraints of a limited sample size, which must be
considered.

In summary, these data suggest that LDH could be
identified as a powerful predictive factor for early rec-
ognition of severe COVID-19 cases in pregnant
women undergoing cesarean section. Pregnant
women with COVID-19 who undergo cesarean sur-
gery are at an increased risk of morbidity and mortal-
ity. The severity of the maternal COVID-19 disease
appears to impact neonatal outcomes.
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