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Abstract

Background

COVID-19 pandemic has rapidly required a high demand of hospitalization and an

increased number of intensive care units (ICUs) admission. Therefore, it became mandatory

to develop prognostic models to evaluate critical COVID-19 patients.

Materials and methods

We retrospectively evaluate a cohort of consecutive COVID-19 critically ill patients admitted

to ICU with a confirmed diagnosis of SARS-CoV-2 pneumonia. A multivariable Cox regres-

sion model including demographic, clinical and laboratory findings was developed to assess

the predictive value of these variables. Internal validation was performed using the bootstrap

resampling technique. The model’s discriminatory ability was assessed with Harrell’s C-sta-

tistic and the goodness-of-fit was evaluated with calibration plot.

Results

242 patients were included [median age, 64 years (56–71 IQR), 196 (81%) males]. Hyper-

tension was the most common comorbidity (46.7%), followed by diabetes (15.3%) and heart

disease (14.5%). Eighty-five patients (35.1%) died within 28 days after ICU admission and

the median time from ICU admission to death was 11 days (IQR 6–18). In multivariable

model after internal validation, age, obesity, procaltitonin, SOFA score and PaO2/FiO2
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resulted as independent predictors of 28-day mortality. The C-statistic of the model showed

a very good discriminatory capacity (0.82).

Conclusions

We present the results of a multivariable prediction model for mortality of critically ill COVID-

19 patients admitted to ICU. After adjustment for other factors, age, obesity, procalcitonin,

SOFA and PaO2/FiO2 were independently associated with 28-day mortality in critically ill

COVID-19 patients. The calibration plot revealed good agreements between the observed

and expected probability of death.

Introduction

Coronavirus disease 2019 (COVID-19) is a primarily respiratory tract infection caused by a

newly recognized betacoronavirus named SARS-CoV-2, firstly diagnosed in China (Wuhan),

in December 2019 [1]. Since then, the outbreak of this infection has spread rapidly across the

globe. As of March 15, 2021, 87.994 critically ill patients and 2.668.036 deaths had been

reported [2]. The clinical spectrum of COVID-19 ranges from asymptomatic infection to

severe respiratory failure [3].

Piacenza is a small city of Northern Italy very close to Codogno, the first city where a

COVID-19 patient was identified in Italy. Consequently, the local hospital was quickly

changed in a "COVID-19 hospital" [4] to manage a sudden increase in COVID-19 patients

requiring hospital admission.

The knowledge of COVID-19 patient characteristics and risk factors associated with inten-

sive care unit (ICU) admission and mortality is still limited. Older age, male sex, comorbidi-

ties, lower ratio of arterial partial pressure of oxygen/fraction of inspired oxygen (PaO2/FiO2)

and higher SOFA score (Sequential Organ Failure Assessment) are independently associated

with worse outcome in those admitted to the ICU [5–7].

However, only few studies analyzed the clinical characteristics and predictors of mortality

in COVID-19 patients admitted to ICU in Italy [8, 9]. The definition of risk factors for mortal-

ity are mandatory to guide ICU capacity and resource allocation.

The aim of this study was to develop a clinical prediction model for 28-day mortality in crit-

ically ill COVID-19 patients admitted to ICU.

Material and methods

Population

This study was approved by the Local Ethics Committee and was conducted at Guglielmo da

Saliceto Hospital of Piacenza. We retrospectively analysed a cohort of consecutive critically ill

patients admitted to our ICU from Feb 22, 2020 to Apr 3, 2020 diagnosed with SARS-CoV-2

pneumonia, according to WHO interim guidance [10]. All the data were fully anonymised

before the access and a random alphanumeric code was used to identify each patient in the

database.

COVID-19 infection was diagnosed by a positive result of real-time reverse transcriptase–

polymerase chain reaction (RT-PCR) assay of nasal and pharyngeal swabs.

Critically ill patients were defined as those admitted to ICU who required mechanical venti-

lation or had a fraction of inspired oxygen (FiO2) of at least 60% or more [11]. Pregnant

women, children (those younger than 18 years of age) and patients with two negative RT-PCR
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assay were excluded from the study. Informed consent was collected in only a small amount of

patients due to the rapidly worsening of their clinical conditions. The ethics committee

allowed this conduct since the early COVID-19pandemic phase has seriously hampered the

ability to achieve a traditional informed consent before study enrolment.

Data collection

We reviewed all the electronic medical records to collect demographic, clinical, laboratory and

radiologic data from the hospital management software within the first 24 hours of ICU admis-

sion. The following laboratory variables were considered: complete blood cells count, C-reac-

tive protein (CRP), creatinine, glucose, total bilirubin and procalcitonin.

Data from high-resolution chest computed tomography (CT) performed within 2 days of

ICU admission were collected. CT lung pattern were defined as Patchy Ground-Glass Opaci-

ties (GGO), diffuse GGO, mixed consolidation + GGO or consolidation. The presence of bilat-

eral lungs involvement, the visual assessment of lung involved percentage [12] and the

presence of lung consolidation were also considered. Visual quantification was used to classify

patients as the percentage of lung parenchyma affected by COVID-19 lesions. A radiologist

with five years of experience performed the evaluation of each lung CT.

Patients’ clinical history including demographic data, medical comorbidities, Covid-19

symptoms duration before hospitalization were also collected. Lung protective ventilatory

strategies were adopted and patients were treated according to current guidelines [13].

Statistical analysis

A descriptive statistics was carried out. Continuous variables are reported as median and inter-

quartile range while categorical data as relative number and percentage. Shapiro-Wilk test was

used to test normality of distribution. We used the Mann-Whitney U test, χ2 test, or Fisher’s

exact test to compare differences between survivors and non-survivors.

Potential predictors variables of 28-day mortality were firstly chosen based on their ease

measurement during the ICU admission or for their previously showed role as mortality pre-

dictor [5, 14]. Due to the high clinical and radiological homogeneity of critically ill COVID-19

patients admitted to our ICU during the study period, we decided to use a Cox model to con-

sider time-dependent covariates. A Kaplan-Meier survival estimates were used to evaluate the

28-day survival. The association of risk factors with 28 day-mortality was assessed in univari-

able and multivariable Cox proportional hazards regression models. The proportional hazard

assumption was tested by plotting the Nelson-Aalen cumulative hazard function and Schoen-

feld residuals test. A forward regression analysis was used to select variables accepted in the

multivariable model. Factors for which p values were less than 0.1 in univariable analysis were

used as candidate variables for multivariable approach. The Akaike information criterion was

used to compare different regression models and to select the most parsimonious model.

Model performance was assessed via discrimination and calibration measures. To assess for

discrimination, the C statistic was used. A calibration curve was implemented by comparing

the predicted probabilities and the actually observed proportions, using the Stata module

“pmcalplot” [15].

The TRIPOD (transparent reporting of a multivariable model for individual prognosis or

diagnosis) guidance was used to conduct this study and to report the results of the prediction

model [16].

For internal validation of the model, a non-parametric bootstrap (1000 replications) of the

original model was run. The bootstrapped samples were created by drawing random samples

with replacement from the development database. The prediction model was fitted on each of
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bootstrap samples. To adjust for optimism after model development, estimates of a uniform

shrinkage factor (the average calibration slope from each of the bootstrap samples) were

obtained and multiplied by the original β coefficients to obtain optimism adjusted hazard

ratios for each variable [17].

Results are expressed as hazard ratio with 95% confidence intervals (95%CI) and p values.

Statistical significance was set at a two tailed P value <0.05. STATA MP, version 16.0 (STATA

Corp., Texas, USA) was used for the analysis.

Results

242 patients with a confirmed SARS-CoV-2 infection were admitted to our ICU during the study

period and represent the studied population. Two other patients were excluded due to negative

RT-PCR findings for SARSCoV-2. The median age of the patients was 64 years (56–71 IQR) and

196 (81%) were male. Almost one comorbidity was present in 147 patients (61%) of which hyper-

tension was the most common (46.7%), followed by diabetes (15.3%) and heart disease (14.5%),

(Table 1). The most common findings at hospital admission were respiratory symptoms and

fever (97.5% and 92.1% respectively), followed by gastrointestinal manifestations, mainly vomit-

ing and diarrhea in 18.6%. Eighty-five patients (35.1%) died within 28 days after ICU admission

and the median time from ICU admission to death was 11 days (IQR 6–18), (Fig 1).

The comparison of patients characteristics showed a higher prevalence of obesity (defined

as BMI of at least 30 kg/m2) in the non-survivors compared to survivors (18.8% vs 9.6%,

p = 0.03, respectively). Non-survivor patients were older than survivors, with a median age of

66 (60–73 IQR) years in non-survivors and 62 (55–69) years in survivors (p = 0.0002)

(Table 1).

Table 1. Demographic, clinical characteristic, comorbidities and outcomes of 242 patients with COVID-19 admitted to ICU. Data are reported as median, IQR and

percentage of the total.

Demographic and clinical characteristics Total (n = 242) Non survivors (n = 85) Survivors (n = 157) p value

n (%) n (%) n (%)

Time from symptom onset to hospital admission, median (IQR), days 7 (6–10) 7 (6–10) 7 (7–10) 0.67

Time from hospital admission to ICU admission, median (IQR), days 4 (1–6) 4 (1–7) 4 (1–6) 0.69

Age, median (IQR), years 64 (56–71) 66 (60–73) 62 (55–69) 0.0002

Gender

Female 46 (19%) 16 (18.9%) 30 (19.1%) 0.96

Male 196 (81%) 69 (81.2%) 127 (80.9%)

Comorbidities

Hypertension 113 (46.7%) 42 (49.4%) 71 (45.2%) 0.51

Coronary heart disease, atrial fibrillation 35 (14.5%) 14 (16.5%) 21 (13.4%) 0.48

Diabetes 37 (15.3%) 18 (21.2%) 19 (12.1%) 0.06

Obesity 31 (12.8%) 16 (18.8%) 15 (9.6%) 0.03

Chronic obstructive pulmonary disease 21 (8.7%) 10 (11.8%) 11 (7%) 0.21

Chronic kidney disease 6 (2.5%) 3 (3.5%) 3 (1.9%) 0.44

Malignancy or history of cancer disease 16 (6.6%) 6 (7%) 10 (6.4%) 0.79

Initial symptoms

Fever 223 (92.1%) 76 (89.4%) 147 (93.6%) 0.23

Respiratory symptoms 236 (97.5%) 84 (98.8%) 152 (96.8%) 0.20

Cardiovascular symptoms 15 (6.2%) 7 (8.2%) 8 (5.1%) 0.41

Gastrointestinal symptoms 45 (18.6%) 18 (21.2%) 27 (17.2%) 0.46

ICU length of stay, median (IQR), days 3 (1–7) 7 (3–11) 2 (1–5) <0.0001

https://doi.org/10.1371/journal.pone.0254550.t001
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The median time from respiratory symptoms onset to hospital admission was not different

in the two groups (7 days, 6–10 IQR in non-survivors vs 7 days, IQR 7–10 days in survivors,

p = 0.67) as well as the length of hospital stay prior to ICU admission (4 days, 1–7 IQR in non-

survivors vs 4 days, 1–6 IQR in survivors, p = 0.69).

At ICU admission, 26.9% of the patients were treated with C-PAP for almost 1 day (IQR

1–3) while 177 (73.1%) required immediate mechanical ventilation and 80 patients (35%)

required the use of prone position ventilation. All the patients received dexamethasone 6mg

once daily for 7–10 day while only five patients received compassionate-use remdesivir.

Laboratory findings at ICU admission are resumed in Table 2. Lymphocytopenia (< 1×109/

L) occurred in the totality of the patients and no difference was found between survivors and

non-survivors (p = 0.84). Higher white blood cell (WBC) and neutrophils count was found in

non-survivors compared to survivors (WBC 12.1 x 109/L, IQR 8.2–18.5 in non-survivors and

10.3 x 109/L, IQR 7.5–13.5 in survivors, p = 0.005; neutrophils 11 x 109/L, IQR 7.2–17.3 in

non-survivors and 9 x 109/L, IQR 6.4–12.4 in survivors, p = 0.003). Non-survivor patients pre-

sented a reduced platelets count (p = 0.002) and increased procalcitonin levels (p = 0.001).

High-resolution chest CT was performed in 229 (95%) patients. CT findings are summa-

rized in Table 3. A consolidation + GGO pattern was the most common (53.7%) followed by

diffuse GGO (24.9%). No difference in term of CT pattern was observed between survivors

and non-survivors (p = 0.92). Bilateral lung involvement was present in 100% of the non-survi-

vors and in the 97.3% of the survivors (p = 0.30). The extent of lesion on CT was very similar

in the two groups and no differences were found (p = 0.69).

Fig 1. Survival of critically ill COVID-19 patients with pneumonia after the admission to the intensive care unit

(ICU). Dashed lines represent 95% CIs.

https://doi.org/10.1371/journal.pone.0254550.g001
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Check of the proportionality assumption before regression revealed no violation (χ2 =

10.02, p = 0.53). At univariable analysis diabetes (HR 1.80, 95% CI 1.07–3.04, p = 0.03), age

(HR 1.05, 95% CI 1.02–1.08, p =<0.001), obesity (HR 1.99, 95% CI 1.15–3.45, p = 0.01), WBC

count (HR 1.06, 95% CI 1.03–1.10, p<0.001), neutrophils count (HR 1.07, 95% CI 1.03–1.11,

p<0.001), high-sensitivity C-reactive protein value (HR 1.03, 95% CI 1.00–1.05, p = 0.02), pro-

calcitonin (HR 1.04, 95% CI 1.01–1.06, p = 0.002), SOFA score (HR 1.78, 95% CI 1.57–2.02,

p<0.001), lactate (HR 1.02, 95% CI 1.00–1.04, p = 0.02), PaO2/FiO2 (HR 0.99, 95% CI 0.98–

0.99, p<0.001) were associated with 28-day mortality.

Table 2. Vital parameters, laboratory findings and treatments at ICU admission, data are reported as median, IQR.

Variables at ICU admission Total (n = 242) Non survivors (n = 85) Survivors (n = 157) p value

n (%) n (%) n (%)

Vital parameters at ICU admission, median (IQR)

Heart rate, bpm 88 (75–102) 93 (75–110) 86 (74–96) 0.04

Respiratory rate, bpm 22 (18–27) 22 (18–24) 21 (19–30) 0.51

Mean arterial pressure, mmHg 72 (61–90) 81 (67–90) 81 (67–90) 0.33

PaO2/FiO2 112 (72–197) 88 (67–164) 134 (79–217) 0.005

Laboratory indices at ICU admission, median (IQR)

White blood cells, x 109/L 11.0 (7.8–15.8) 12.1 (8.2–18.5) 10.3 (7.5–13.5) 0.005

Neutrophils, x 109/L 9.5 (6.6–14.2) 11 (7.2–17.3) 9 (6.4–12.4) 0.003

Lymphocytes, x 109/L 0.6 (0.4–0.9) 0.6 (0.4–0.8) 0.6 (0.4–0.9) 0.84

Haemoglobin, g/dL 12.2 (11.2–13.3) 12.1 (11.2–13.4) 12.3 (11.4–13.2) 0.88

Platelets, x 109/L 246 (181–320) 220 (165–268) 267 (195–333) 0.006

Total bilirubin, mg/dL 0.87 (0.64–1.47) 1.12 (0.64–1.87) 0.80 (0.64–1.19) 0.06

Urea, mg/dL 52 (39–71) 59 (42–85) 49 (38–63) 0.02

Creatinine, mg/dL 0.87 (0.66–1.17) 0.97 (0.74–1.23) 0.78 (0.64–1.06) 0.01

Procalcitonin, ng/mL 0.46 (0.16–1.39) 0.75 (0.31–1.77) 0.36 (0.11–1.01) 0.001

High-sensitivity C-reactive protein, mg/L 15.5 (8.35–23.63) 18.3 (10.24–26.78) 13.84 (6.81–22.61) 0.02

Glucose, mg/dL 169 (124–201) 130 (120–151) 130 (120–151) 0.14

Arterial blood gas

pH 7.39 (7.32–7.45) 7.36 (7.28–7.41) 7.40 (7.33–7.46) 0.001

PaO2, mmHg 86 (66–146) 77 (62–112) 95 (70–166) 0.01

PaCO2, mmHg 44 (39–51) 49 (41–55) 43 (39–48) 0.0004

Lactate 12 (9–16) 13 (11–13) 11 (8–15) 0.004

SOFA score, median (IQR) 4 (3–5) 3 (3–4) 5 (4–6) <0.001

https://doi.org/10.1371/journal.pone.0254550.t002

Table 3. Chest CT findings in survived and non-survived patients.

Chest CT findings Total (n = 229) Non survivors (n = 80) Survivors (n = 149) p value

n (%) n (%) n (%)

CT pattern 0.92

Patchy Ground-Glass Opacities 27 (11.8%) 10 (12.5%) 17 (11.4%)

Diffuse Ground-Glass Opacities 57 (24.9%) 19 (23.8%) 38 (25.5%)

Consolidation + Ground-Glass Opacities 123 (53.7%) 42 (52.5%) 81 (54.4%)

Consolidation 22 (9.6%) 9 (11.2%) 13 (8.7%)

Bilateral lung involvement 225 (98.3%) 80 (100%) 145 (97.3%) 0.30

Extent of lesions on CT 0.69

�25% 30 (13%) 9 (11.2%) 21 (14.1%)

25–50% 125 (54.6%) 47 (58.8%) 78 (52.3%)

>50% 74 (32.4%) 24 (30%) 50 (33.6%)

https://doi.org/10.1371/journal.pone.0254550.t003
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The final internal validated multivariable model included age (optimism adjusted HR 1.04,

95% CI 0.99–1.09, p = 0.003), obesity (optimism adjusted HR 2.35, 95% CI 1.29–4.23,

p = 0.04), procaltitonin (optimism adjusted HR 1.03, 95% CI 0.87–1.22, p = 0.04), SOFA score

(optimism adjusted HR 1.40, 95% CI 0.99–1.99, p = 0.003) and PaO2/FiO2 (optimism adjusted

HR 0.87, 95% CI 0.84–0.98, p = 0.003), (Table 4).

The C-statistic for the predicted 28-day mortality risk showed very good discriminatory

capacity equal to 0.821 (95% CI 0.766–0.876) and 0.822 (95% CI 0.770–0.873) in the original

and bootstrap models, respectively. The estimated bias was 1.1�10−3 (95% CI 1.9�10−2–3.4�10−-

3). The calibration plot revealed good agreements between the observed and expected proba-

bility of death (Fig 2).

Discussion

The COVID-19 pandemic is a worldwide novel challenge for critical care systems since it has

strongly proved ICU capacities.

In the present study, multivariable Cox proportional hazards regression identified several

prognostic markers for 28-day mortality. After adjustment for other factors, age, obesity, pro-

calcitonin, SOFA and PaO2/FiO2 were independently associated with 28-day mortality in criti-

cally ill COVID-19 patients.

The majority of our patients (73%) were admitted to the ICU because of acute hypoxemic

respiratory failure that required mechanical ventilation. The need for mechanical ventilation

among COVID-19 patients admitted to ICUs ranges from 29.1% in one Chinese study [18] to

89.9% in a U.S. study [19] and 88% in an Italian study [8]. In this context, several studies have

investigated the factors associated with death or ICU admission but limited information exist

in Italian population for the prognostic factors associated with mortality in critically ill

COVID-19 patients.

The ICU worldwide mortality for COVID-19 respiratory failure is 25.7% [20]. In Italy, a

rate of 25.6% [8] was initially reported but a few months later the same authors reported a

mortality rate of 48.7% in a subsequent study [9]. In the current study, the 28-day mortality

rate of COVID-19 critically ill patients was 35.1%. This data is close to the average of the two

previously mentioned mortality rates and it is similar to what was reported for ARDS [21].

However, as Quah outlined it in a letter to editor, almost a half of patients were still in ICU

when previous studies of ICU mortality were published [20]. On the contrary, at the time of

writing this paper, no patients were still in ICU as they were deceased or discharged. This ele-

ment increase the meaning of our data since all the patients concluded the 28-day follow-up.

Table 4. Multivariable Cox proportional hazards regression analysis of factors associated with mortality.

Variable HR 95% CI p value Optimism adjusted HR Optimism adjusted 95% CI

Age 1.05 1.00–1.08 0.003 1.04 0.99–1.09

Diabetes 1.13 0.46–2.77 0.79 1.43 0.77–2.36

Obesity 2.33 1.03–5.26 0.04 2.35 1.29–4.23

White blood cells, x 109/L 1.25 0.89–1.75 0.20 1.26 0.77–2.06

High-sensitivity C-reactive protein, mg/L 1.03 0.99–1.06 0.08 1.02 1.02–1.07

Procalcitonin 1.03 1.01–1.06 0.04 1.03 0.87–1.22

SOFA 1.37 1.11–1.69 0.003 1.40 0.99–1.99

Neutrophils, x 109/L 0.79 0.54–1.14 0.21 0.78 0.46–1.32

Urea, mg/dL 1.01 0.99–1.02 0.06 1.01 0.99–1.02

Lactate 0.98 0.96–1.01 0.28 0.99 0.95–1.04

PaO2/FiO2 0.88 0.86–0.99 0.003 0.87 0.84–0.98

https://doi.org/10.1371/journal.pone.0254550.t004
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In our study, the patients were mainly middle-aged men with hypertension and the most

common initial symptoms were fever and respiratory symptoms such as cough and dyspnea.

These findings are in concordance with previously published studies [7, 8, 22, 23]. In fact, the

age was independently associated with an increased risk of 28-day mortality in the multivari-

able analysis. This is not unexpected since this variable was extensively associated with adverse

outcome [9, 24, 25]. Obesity was another important predictor of 28-day mortality (p = 0.04).

This finding seems related to the chronic inflammatory state in obese patients [26] that can

increase the excessive cytokine response to viral infection leading to adverse outcome [27, 28].

As we previously reported, obesity and morbid obesity were risk factors for death in critically

ill COVID-19 patients [29].

An increase in procalcitonin levels was reported as an indicator of disease severity in

COVID-19 patients [30] and as a risk factor for mortality [31]. Our findings seems in line with

these evidences since an increase in procalcitonin levels is associated with increased 28-day

mortality rates at multivariable analysis (p = 0.04).

Interestingly, in our patients the presence of diabetes was not associated with an increased

mortality risk. This is in contrast with many case series reporting that people with diabetes are

Fig 2. Calibration plot of the multivariable prediction model for 28-day mortality of critically ill COVID-19 patients admitted to ICU.

https://doi.org/10.1371/journal.pone.0254550.g002
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at higher risk of COVID-19-related mortality [32] and ICU admission with poor outcome

than people without diabetes [33]. However, some factors rarely considered such as type of

diabetes, length of the disease and related complications, type of treatment and glycaemic con-

trols during the infection could have affected the outcome.

The lymphocytopenia observed in our patients confirms that they were critically ill

COVID-19 patients since a low lymphocyte count is related to the severity of disease [34].

Higher Sequential Organ Failure Assessment (SOFA) score on admission was indepen-

dently associated with an increased 28-day mortality risk (HR 1.37, 95% CI 1.01–1.05,

p = 0.04). In fact, as it was previously published, this score is a highly sensitive marker of in-

hospital mortality in COVID-19 patients and can be considered as a risk-stratification tool for

critical COVID-19 patients [35]. Moreover, a low PaO2/FiO2 ratio at ICU admission was an

independent risk factor associated with 28-day mortality. This is not unexpected since acute

respiratory failure is the leading feature in critical COVID-19 patients.

Even if male are at higher risk for mortality in the overall population, any difference in mor-

tality rate could not be demonstrated between male and female patients once admitted to the

ICU as previously reported by Nachtigall in a large group of critically ill COVID-19 patients

hospitalized in Germany [36].

As it was previously published, a lung involvement >50% is associated with ICU admission

in hospitalized patients [37]. On the other hand, patients with well-aerated lung parenchyma

less than 73% are at increased risk for ICU admission or death [38]. Interestingly, in our

patients, the radiological findings at chest CT were approximately the same in survivors and

non-survivors and no predictive ability was found. Since the median time from symptom

onset to the ICU admission as well as the length of hospital stay prior to ICU admission were

similar in survivors and in non-survivors (p = 0.67) it is possible to argue that the observed

lung abnormalities are related to the disease time course. Consequently, in our study it is not

possible to verify the rule of radiological data to predict mortality.

A high percentage of patients required mechanical ventilation since ICU admission and the

principal reason for ICU admission was related to the severity of respiratory failure. We can

suppose that disease severity was similar in survivors and in non-survivors. Therefore, due to

the characteristics of our sample a validation of the clinical prediction model is needed.

Many prognostication model for patients with COVID-19 were recently developed but a

possible risk of bias was outlined due to the limited use of validation techniques [39]. For these

reasons, we decided to perform an internal validation to prevent model over-fitting and to

obtain a reduction of potential false positive prediction estimates. The bootstrap technique was

used since it provides stable estimates with low bias of predictors [40] and it is considered as a

central technique to correct overfitting and to quantify optimism in model performance [41].

To our knowledge, this is the first model of 28-day mortality in critically ill COVID-19

patients that was internal validated and it is the third study about critically ill COVID-19

patients requiring ICU admission in Italy. Moreover, our patients were admitted to ICU in a

geographic area that is one of the first place where the COVID-19 outbreak spread across Italy.

Our results were obtained from the first phase of the COVID-19 pandemic in Italy and

helped us to improve our healthcare organization for the second pandemic phase. However,

this model should be confirmed in the subsequent phases of this pandemic.

Nevertheless, this study has several limitations. First, it is a retrospective study during a pan-

demic that overwhelmed the medical resources. Therefore, it is possible that some data present

inaccuracies that might introduce some bias in the study results. Second, we did not collect

data about complications during ICU length of stay such as secondary infection, organ failure

or thrombosis. Thrombosis and thromboembolism have been reported as a relevant topic in

COVID-19 critically ill patients with a prevalence up to 30% but these data were not clearly
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known at the time we admitted our patients to ICU. The same problem can be applied to D-

dimer and IL-6 that we did not collect in every patient. Third, we did not collect the cause of

death in our patients with COVID-19 but it is possible to suppose that hypoxemia was the

leading cause of death. Forth, no data were collected about type of mechanical ventilation used

along with pulmonary compliance and resistance even if two possible respiratory patterns

were described [42] and a possible role in mortality rate could be supposed. Another major

limit is the absence of an external validation for our model that we hope to perform in a subse-

quent cohort of COVID-19 critically ill patients.

Conclusions

In this study we developed an internal validated prediction model for 28-day mortality of criti-

cally ill COVID-19 patients admitted to ICU with the use of simple and easy to collect clinical

variables. Age, obesity, procalcitonin, SOFA score and PaO2/FiO2 ratio emerged as indepen-

dent predictors for mortality and should be carefully evaluated in these patients. We hope that

these data might help a better organization of ICUs for the treatment of COVID-19 patients.

Future studies with increased patients number and longer follow-up are needed to confirm

our findings.
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