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A Mortality Prediction Model in Pregnant and Postpartum Women With
Covid-19 Admitted to the Intensive Care Unit

Yogun Bakim Unitesinde yatan Covid-19'lu Gebe ve Lohusalarin Mortalite Risk Faktérleri
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Ozer

AMAC: Bu c¢alismada yogun bakimda yatan COVID-19 tanili gebe ve lohusalarda mortalite prediksiyon modeli olusturarak
APACHE 11, SAPS Il ve SOFA skorlari ile karsilastirilmasi amaglanmistir.

GEREC VE YONTEM: Hastanemizin COVID-19 yogdun bakim iinitelerine yatan Covid-19 tanisi dogrulanmis gebe ve lohusalarin
demografik, laboratuvar, radyolojik ve klinik verileri geriye déniik olarak kaydedildi.

BULGULAR: Calismaya ddhil edilen 50 hastadan 13'l kaybedildi. Yas ortalamasi dlen grupta 35.54%4.24 yil, yasayan grupta
30.03%4.91 yil idi (p=0,002). Lojistik regresyon modeli, yas, lenfopeni, yiiksek CRP ve IL-6 diizeylerinin mortalite ile iliskili
oldugunu ortaya koydu. Modelin mortalite (AUC) icin prediktif giicii 0.946+0.045 (p<0,001) idi. ROC egrisi altinda kalan alan (AUC)
APACHE |l skoru icin 0.712%0.085 (p=0.024), SAPS Il skoru igin 0.481%0.102 (p=0.842) ve SOFA skoru icin 0,656%0,089 (p=0,097)
idi. Modelimizin ézglilliigii %97,3, duyarliligi %84,6, prediktif dederi %91,7 ve negatif prediktif degeri %94,7 idi.

SONUC: Olusturdugumuz tahmin modeli klinisyene, yogun bakim tinitesine kabul edilen COVID-19 tanili gebe ve lohusalarda
yliksek mortalite riski olan vakalarin belirlenmesine olanak taniyacaktir.

Anahtar Kelimeler: Covid-19, mortalite, gebe, SARS-CoV-2, lenfopeni, yogun bakim

ABSTRACT

OBJECTIVE: In this study, it was aimed to compare with APACHE I, SAPS Il and SOFA scores by creating a mortality prediction
model in pregnant and postpartum women with a diagnosis of COVID-19 in intensive care (ICU).

MATERIALS AND METHODS: Demographic, laboratory, radiological and clinical data of pregnant and postpartum women with
confirmed COVID-19 diagnosis who were admitted to the COVID-19 ICUs of our hospital were recorded retrospectively.

RESULTS: Of the 50 patients included in the study, 13 died. The mean age was 35.54%4.24 years in the non-surviving group and
30.03%4.91 years in the surviving group (p=0.002). A logistic regression model revealed age, lymphopenia, elevated CRP and IL-6
levels to be associated with mortality. The predictive power of the model for mortality (AUC) was 0.946+0.045 (p<0.001). The area
under an ROC curve (AUC) was 0.712%0.085 for the APACHE |l score (p=0.024), 0.481%0.102 (p=0.842) for the SAPS Il score and
0.656*0.089 for the SOFA score (p=0.097). Our model had a specificity of 97.3%, a sensitivity of 84.6%, a predictive value of
91.7%, and a negative predictive value of 94.7%.

CONCLUSION: The prediction model we created will allow the clinician to identify cases with a high risk of mortality risk in
pregnant and postpartum women with a diagnosis of COVID-19 admitted to the ICU.

Keywords: Covid-19, mortality, pregnant women, SARS CoV-2, lymphopenia, critical care

INTRODUCTION
The threat to human life of Coronavirus disease 2019

the complications of infections caused by such viruses, and

infections caused by respiratory viruses are more severe in

(COVID-19) first arose in December 2019. According to data
of the World Health Organization (WHO), by April 3, 2022
there had been over 489 million recorded cases of COVID-
19 and more than 6 million deaths reported globally (1).

Pregnancy predisposes women to respiratory viruses and

pregnant women due to the changes that occur in the
anatomical, cardiopulmonary and immune systems (2,3,4).
Admission to the intensive care unit (ICU), the need for

invasive mechanical ventilation (IMV) and mortality are
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more common in pregnant women with COVID-19 when
compared to non-pregnant women of reproductive age (5).
The early accurate assessment of severe COVID-19 patients
may contribute to the initiation of the necessary treatments
and the reduction of mortality (6). Models that have been
developed based on combinations of different variables
and characteristics for the prediction of potential adverse
outcomes of infection in pregnant women support the
planning and prioritization of patients and the allocation of
healthcare resources. To the best of our knowledge,
however, there is yet no specific scoring system in literature
for the determination of mortality in pregnant and
postpartum women with COVID-19 admitted to the ICU.
Furthermore, there have been few studies conducted using
such scoring systems as the Acute Physiology and Chronic
Health Evaluation (APACHE) II, the Simplified Acute
Physiology Score (SAPS) Il and the Sequential Organ Failure
Assessment (SOFA) to predict mortality in adult COVID-19
patients admitted to the ICU (7,8), although there are
ongoing discussions about the ability of the APACHE Il score
to predict ICU mortality in patients with COVID-19 (9).

We present here a model that has been developed for the
identification of the risk factors associated with mortality,
and for the prediction of ICU mortality in pregnant and
postpartum women with severe COVID-19. As a further
purpose of the study, we make a retrospective assessment
of the value of SOFA, SAPS Il and APACHE Il scores for the
prediction of mortality in patients, and compare these

scores with those of our model.

MATERIAL & METHODS

This single-center retrospective observational study was
conducted with pregnant and postpartum women patients
over 18 years of age with COVID-19 confirmed by reverse
transcriptase-polymerase chain reaction (RT-PCR) for severe
acute respiratory syndrome Coronavirus 2 (SARS-CoV-2)
between April 2020 and December 2021 in the Level-3 ICUs
of Bursa City Hospital. The study protocol was approved by
TC University of Health Sciences; Bursa School of Medicine;
Bursa City Hospital Ethics Committee (Date: 09.03.2022;
Decision No: 2022-3/10) and the study was conducted
following the principles of the Declaration of Helsinki. Since
our study was retrospective, informed consent was not

obtained from the patients.

The study data were obtained from the electronic health

records of our hospital. Excluded from the study were

pregnant and postpartum women with critical illnesses at
the time of diagnosis, those younger than 18 years of age,
those with a negative RT-PCR test result for SARS-CoV-2,
and those with previous COVID-19 disease. All patients
were managed in accordance with the Ministry of Health

Diagnosis and Treatment Guidelines.

The reasons for admission to the ICU (respiratory failure,
organ failure, hemodynamic instability, eclampsia, etc.)
were recorded, along with age and body mass index (BMI)
at the time of admission, comorbidities, smoking habits,
history of medication, gestational age at admission,
gravidity, and parity, variant of SARS-CoV-2, COVID-19
vaccination status, laboratory values ( WBC (white blood
cells, platelets), ferritin, fibrinogen, lymphocytes, D-dimer,
CRP (C-reactive protein), procalcitonin, LDH (lactate
dehydrogenase), ALT (alanine aminotransferase), AST
(aspartate aminotransferase), INR (international normalized
ratio), aPTT (activated partial thromboplastin time), PT
(prothrombin time), SpO2 (oxygen saturation), PaO2 (partial
arterial oxygen pressure), PaO2/FiO2 (partial arterial
oxygen pressure/fraction of inspired oxygen) ratios, and
APACHE I, SAPS I, and SOFA scores. Medical treatments
(Remdesivir, Plaquenil, steroids, favipiravir, anakinra,
tocilizumab, cytokine filter, plasmapheresis/IVIG,
anticoagulation), treatments for respiratory failure (IMV,
high-flow oxygen therapy (HFOT), non-invasive mechanical
ventilation (NIMV), oxygenation mask), and the duration of
the patients’ stays in the hospital and the ICU were

recorded.

Thoracic computed tomography (CT) scans and chest
radiographs were evaluated on the Picture Archiving and
Communication System (PACS). All thoracic CT scans and
chest radiographs were reviewed by a radiologist with more
than 10 years of experience in thoracic radiology.
Pneumonia was classified as mild, moderate, and severe
pneumonia based on radiological imaging, and the
classification was made using the Radiographic Assessment
of Lung Edema (RALE) Scoring System on chest radiographs
(10).

Thoracic CTs were grouped based on the patient's chest CT
Score (11). Accordingly, both lungs were divided into five

lobes and each lobe was assessed individually.

The APACHE Il score was calculated using respiratory rate,
arterial pH, PaO2, temperature, age, heart rate, mean

arterial pressure, levels of sodium (Na+), potassium (K+),
2
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creatinine (Cr), and hematocrit, leukocyte count, Glasgow
Coma Scale (GCS), and previous health status (surgery,
history of organ failure, immunocompromised status) data.
The SAPS Il score was calculated using leukocyte count,
bilirubin, bicarbonate, Na+ and K+ levels, heart rate, systolic
blood pressure, age, body temperature, GCS, PaO2/FiO2
ratio, mechanical ventilation or continuous positive airway
pressure, urine output, urea, chronic diseases, and type of
admission data. The SOFA score was calculated based on
respiratory (PaO2/FiO2) cardiovascular (vasoactive agent
requirement), hepatic (bilirubin level), coagulation (platelet
count), neurological (GCS), and renal system (serum
creatinine and urine output) disorders. All scores were
calculated using the worst values of the parameters within

the first 24 hours of admission (12).

The patients were divided into two groups as those who
survived and those who died in the ICU (survivors and non-
survivors). The mortality risk factors for the two groups
were determined and a mortality prediction model was
developed, after which, the performance and validity of ICU

mortality prediction scores in patients were assessed.

Descriptive statistics of the study data were calculated as
means, standard deviation (SD), counts and % frequencies.
A Shapiro-Wilk test was used to analyze the normality of the
quantitative data. The unadjusted effects of quantitative
characteristics alone were established through a
comparison of the surviving and non-surviving pregnant
women with COVID-19 using a Mann-Whitney U test.
Likewise, the wunadjusted effects of categorical
characteristics on mortality were established with a
Pearson’s Chi-square test. Variables with significant (p <=
0.10) unadjusted effects on mortality in the univariate tests
were included in the binary logistic regression model. The
variables that would remain in the final model were
identified using a stepwise variable elimination method.
Missing data were estimated using the simple tree method
prior to the building of the model. Statistical significance
was set at p <= 0.10 for unadjusted effects and p <= 0.05 for
adjusted effects. Calculations were made using IBM SPSS
Statistics (Version 23.0. Armonk, NY: IBM Corp.).

RESULTS

A total of 50 pregnant and postpartum women with COVID-
19 who were admitted to the ICU were included in the
study. Of the total, 13 of the pregnant women died and the

rest were eventually discharged.

The mean age was 35.54+4.24 years and the mean BMI was
29.06+5.54 in the non-surviving group, while the mean age
and BMI were 30.03:t4.91 years and 27.59+4.33,
respectively, in the surviving group (p=0.002 and p=0.446).

Considering the demographic characteristics, and
laboratory and radiological findings, the mean LDH, CRP,
aPTT, IL-6 and FiO2 were statistically significantly higher in
the non-surviving patient group than in the surviving group
(p=0.020, p=0.001, p=0.066, p=0.002, and p=0.008), while
the mean lymphocyte count, PaO2 and PaO2/FiO2 were
significantly lower (p=0.025, p=0.035, and p= 0.003) (Table
1).

A comparison of the radiology results of the two groups
revealed a significantly higher mortality rate in pregnant
and postpartum women with severe involvement than in
the mild and moderate categories (p=0.1). Moreover, the
rate of mortality was significantly higher in those who were
intubated (p=0.001) and unvaccinated (p=0.036), in those
who did not receive mask oxygen (p=0.065), and in those
who received IMV (p=0.001), HFOT (p=0.05), NIMV (p=0.001),
antibiotics (p=0.12), pulse steroids (p=0.007), steroids
(p=0.067), anakinra (0.043) and favipiravir (p=0.091). Aside
from this, no significant difference between the two groups

was identified (Table 2).

The variables with statistical significance or a p-value close
to statistical significance (p < 0.10) in Tables 1 and 2 were
included in the logistic regression model, thereby revealing
the adjusted effects of the risk factors with a significant
effect on mortality. Ventilation and intubation, however,
were not included in the model, being risk factors that
emerge in the final status of the patients, and the primary
purpose of the model was to predict mortality based on

early-period markers.

The model results are summarized in the nomogram
presented in Figure 1, and reveal the risk factors that
significantly affect mortality to be age and the lymphocyte,
CRP, and IL-6 levels in the ICU.

Considering the performance measures of the model, the
area under the ROC curve (AUC) was 0.946+0.045,
suggesting that the model had good performance in
discriminating between non-survivors and survivors
(p<0.001, Figure 2). Moreover, when the diagnostic success

of the scores used in the ICU was examined, AUC was found
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to be 0.712+0.085 for APACHE Il (p=0.024), 0.481+0.102 for
SAPS 1l (p=0.842), and 0.656+0.089 for SOFA (p=0.097).

The predictive success (specificity) of the logistic regression
model was 91.9 % and the success (sensitivity) in
discriminating non-survivors was 61.5 %. In addition, the
positive and negative predictive values of the model were
72.7 % and 87.2 %, respectively. The overall accuracy of the
model was 84%. Based on these results, the model

performance can be concluded to be quite good (Table 3).

When the success of the APACHE Il, SOFA, and SAPS I
scores in the discrimination of non-survivors were
examined individually, only the mean APACHE Il and SOFA
scores were found to be significantly higher in non-
surviving patients, meaning that these two scores were able
to successfully discriminate non-survivors. The SAPS I
score, on the other hand, could not significantly
discriminate between non-survivors and survivors (Table 4).
The success of these three scores in discriminating non-
survivors is presented graphically in Figure 2 with a ROC

curve.

DISCUSSION

A high-performance model and normogram were
developed in the present study for the prediction of
mortality based on laboratory data, imaging data,
demographic characteristics and comorbidities at the time
of the ICU admission of pregnant and postpartum women
with COVID-19 confirmed by RT-PCR for SARS-CoV-2. The
model identified elevated CRP and IL-6 levels, advanced age
and lymphopenia as independent risk factors in pregnant
and postpartum women with COVID-19 admitted to the
ICU. We also assessed the performance of SAPS II, APACHE
Il and SOFA scores for the prediction of ICU mortality in this
patient group, and found the SAPS Il score not to be
significant in predicting mortality in our patient group
(performance measure; AUC: 0.481+0.102), and the
performance of our model (AUC: 0.946+0.045) to be
superior to that of the APACHE Il (AUC: 0.712+0.085) and
SOFA scores (AUC: 0.656+0.089, p=0.097).

In adult intensive care patients, the APACHE I, SAPS Il and
SOFA scores are commonly used to predict mortality, the
severity and prognosis of disease, and intensive care
performance. In a study of ICU patients with COVID-19, Zou
et al. assessed the relationship between APACHE Il score

and mortality, and compared the predictive powers of

APACHE Il and SOFA scores in patients, and reported the
APACHE Il and SOFA scores to be significant in predicting
mortality (33.77%) (10.87+4.47 vs. 23.23+6.05; p<0.001). The
authors reported further that the APACHE Il score (AUC:
0.966) had a higher predictive power for mortality than the
SOFA score (AUC: 0.867).7 Similar to the study by Zou et al.,
another study, involving 52 ICU patients, found a median
APACHE Il score of 18 and a mortality rate of 61.5% in non-

surviving patients (13).

The median APACHE Il score in the present study was 9.62
and the mortality rate was 26% in the non-survivors, which
is lower than that reported in previous studies. The APACHE
Il'and SAPS Il scores in both our study and in other studies
were surprisingly low when compared to mortality rates.
The APACHE Il and SAPS Il scores are calculated based on
the worst values within the first 24 hours of admission.
Biomarkers identifying disease severity may arise in a later
period in COVID-19 patients with respiratory failure at
admission, and therefore will have no effect on these
scores. Despite the statistically significant APACHE Il score
in other studies and our study, we believe that it does not

reflect the actual mortality.

Clinical presentations of COVID-19 may range from mild
symptoms to cytokine storm and multi-organ failure. The
cytokine storm induced by COVID-19 is associated with an
increase in various cytokines, such as serum TNF, IL-1B and
IL-6 (14). In addition to its proinflammatory effects, IL-6
activates many acute phase reactants and the coagulation
cascade (15). IL-6 has been shown to be an independent
risk factor for mortality, and mortality to be associated with
high IL-6 levels (15,16). A previous meta-analysis reported
that IL-6 antagonists reduced the 28-day mortality and
duration of IMV in critical COVID-19 patients when
compared to the usual treatment and placebo (17), and we
also identified elevated IL-6 level as an independent risk

factor for mortality in the present study.

The excessive inflammation and immunosuppression
caused by SARS-CoV-2 infection result in a progressive
decrease in the lymphocyte count in severe COVID-19 cases
(18). In other words, the systemic inflammation induced by
SARS-CoV-2 suppresses cellular immunity, leading to a
decrease in CD3+T, CD4+T, and CD8+T cell counts (19). A
previous study reported WBC counts to be normal or low
and lymphopenia to be common in COVID-19 patients, and

associated a lymphocyte count of <1000 with severe COVID-
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19 (20). Yet another study reported lymphopenia to be
common in COVID-19 patients, while the white blood cell
count varied. The same study reported severe lymphopenia
to be associated with critical illness and mortality (21). In
another meta-analysis, it was found that severe
lymphopenia was associated with mortality in adult
intensive care patients with a diagnosis of Covid 19 (22).
Lymphopenia was also identified as an independent risk

factor for mortality in the present study.

It should be kept in mind that inflammatory markers such
as CRP may increase slightly during normal pregnancy (23).
Kalafat et al. (24) developed two different prediction models
to evaluate maternal mortality, progression to severe Covid
19, and admission to the ICU in an international and
multicenter study conducted in 793 pregnant and
postpartum women with symptomatic Covid 19. In the
fullCOMIT model, which is one of the models they
developed, they showed that high CRP was an independent
risk factor effective for maternal mortality. Yao et al.
developed a prediction model for the early detection of
clinical deterioration in pregnant women with COVID-19,
identifying CRP levels of >2.0 mg/dL as a risk factor (25).
Another study of adult COVID-19 patients reported CRP
(normal range: <8.0 mg/L) levels of >100 mg/L to be a risk
factor for adverse outcomes (26). In another study involving
adult patients, Ruan et al. showed elevated CRP in COVID-
19 patients to be a risk factor for mortality (16), and we also
found elevated CRP to be a risk factor for mortality in the
present study. There is currently no reference level related
to CRP and COVID-19 infection in pregnancy in literature
(23).

Another risk factor that we found to be significant in our
model was age. A meta-analysis of pregnant women with
COVID-19 reported advanced maternal age to be associated
with severe COVID-19 and ICU admission (5), and a number
of observational studies concur, identifying advanced age
as an independent risk factor for mortality in COVID-19
patients (24,26-28). We also identified advanced age as an

independent risk factor for mortality in our study.

The main limitation of our study is its retrospective design.
To the best of our knowledge, our study is the first to
develop a prediction model for the prediction of ICU
mortality in pregnant and postpartum women with COVID-
19. The strength of our study is the administration of the

same treatment protocol to all patients.

CONCLUSION

We developed a risk model with reasonably high
performance in predicting mortality in pregnant and
postpartum women admitted to the ICU due to COVID-19.
We found this model to be superior to other scoring
systems for the determination of ICU mortality. The
identified risk factors are laboratory parameters that can be
studied in many centers and risk factors such as age, and
thus the model allows the clinician to identify cases with a
high risk of mortality among pregnant and postpartum
women with COVID-19 admitted to the ICU as a specific
patient group.
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