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Abstract

The novel coronavirus disease, COVID-19, is caused by a SARS-COV-2 infection and manifested in some clinical
forms from mild to critical disease. The Sequential Organ Failure Assessment (SOFA) score has been used to
predict the clinical outcomes of patients admitted to intensive care units with multiple organ failures. This study
aimed to analyse the cut-off of the SOFA score with the best accuracy in predicting mortality in severe and critical
COVID-19 population, and compared the survival rate difference of the high and low SOFA score according to
the cut-off with the best accuracy from our study. This retrospective observational study analysed all of the severe
and critical COVID-19 patients admitted to DR.Soetomo Hospital, Surabaya, Indonesia, from June to September
2020. We excluded patients who had died less than 48 hours upon ICU admission and patients who were
discharged against medical advice (DAMA). A total of 123 patients were eligible. SOFA score significantly
predicted ICU mortality of COVID-19 patients with the Area-under-curve of 0.9 (p<0.001). The survival rate of
patients with the SOFA score of <7 was 90%, compared to patients with the SOFA score of >7 with a survival
rate of 10%. Patients with SOFA score < 7 had a significantly longer survival time during ICU care (HR=15.85,
p<0.001). Our study proved that patients with higher SOFA scores had a significantly different survival outcome
during the ICU stay, with the score cut-off of 7. This score cut-off could significantly discriminate ICU survival
with high predictive values.
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1. Introduction

A novel coronavirus disease, termed COVID-19, was caused by SARS-COV-2 that had a virulence to infect
ciliated cells and secretory cells of respiratory epithelium simultaneously and could manifest as severe acute
respiratory syndrome.(1) This RNA virus was first identified in year 2019 in Wuhan, China, and has been
established as a Public Health Emergency of International Concern (PHEIC) by the World Health Organization
on January 2020.(2) As of December 7, 2021, 265 million cases has been confirmed, and as many as 5,254,116
people has been confirmed to passed away because of COVID-19.(3) A study from Baud et al., explained the real
estimate of COVID-19 with severe illness. Approximately, 16% of severe COVID-19 following hospitalization,
5% of these patients were admitted to ICU, 2.3% required intubation, and 1.4% passed away.(4)

SARS-COV-2 infection causes interstitial inflammation and subsequent lung injury. Activation of Angiotensin |1
pathway influence the adaptive immunity by stimulating macrophages ang the other immune cells, which further
caused acute respiratory distress syndrome in the critical cases. The inductions of immune cells lead to their
propagation and their production of pro-inflammatory cytokines such as IL-6, and tumour necrosis factor-alpha
(TNF-0). Activation of dendritic cells as the antigen presenting cells and also macrophage, enhance the
phagocytosis and apoptosis of virus-infected host cells. The enhanced levels of pro-inflammatory mediators
followed by cytokine storm and hyperinflammation syndrome, that worsen the clinical manifestations of COVID-
19. Cytokine storm, that is followed by the attacking immune system via SARS-CoV2, results in lung failure,
multiple-organ dysfunction, and mortality in severe cases.(5)

Various prognostic scoring had been developed to predict the survival of severe and critical COVID-19 patients
and thus could improve effective treatment strategies and evaluate the disease progression further. The Sequential
Organ Failure Assessment (SOFA) score has been used to predict the clinical outcomes of patients admitted to
intensive care unit with multiple organ failure.(6) SOFA scoring system was published in year 1996 on behalf of
Working Group on Sepsis-Related Problems of the European Society of Intensive Care Medicine. SOFA score
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performance was based on the 6 major organ functions: circulation, respiration, liver, renal function, central
nervous system, and coagulation function. Each organ system had a ranging score from 0 to 4. SOFA score is a
practical tool to evaluate organ function during ICU stay.(7) These scores have also demonstrated utility in
evaluating disease severity outside of the ICU setting. SOFA score at the time of emergency department
presentation predicts outcomes in severe sepsis.(8)

Therefore, we analysed the cut-off of the SOFA score with the best accuracy in predicting mortality in severe and
critical COVID-19 population, and compared the survival rate difference of the high and low SOFA score
according to the cut-off with the best accuracy from our study.

2. Methods

2.1 Study design

This retrospective cohort study was conducted retrospectively among severe and critical COVID-19 patients
admitted to ICU from June 2020 to September 2020 in Dr Soetomo General Hospital, Surabaya, Indonesia.
Patients were followed-up from the early ICU admission until ICU discharge. SOFA score was calculated several
times during the ICU follow-up. The highest and lowest SOFA scores were documented during ICU care.
Study population

We included all adult patients with the minimum age of 18 years old who were confirmed for COVID-19 and
with severe and critical illness manifestation who were admitted to COVID-19 ICU. Used a total sampling for
this study. We excluded patients who had died less than 48 hours upon 1ICU admission, and patients who were
discharged against medical advice (DAMA).

2.2 Measurements

Study personnel reviewed electronic health records according to the CRF (case record form) in ICU, to collect
baseline patient characteristics including age, gender, body mass index, medications, present and past medical
histories, comorbidities, and disease progression during ICU stay. COVID-19 was confirmed by SARS-CoV-2
testing using polymerase chain reaction (PCR) method. Severe COVID-19 pneumonia used the criteria of the
following: clinical symptoms of pneumonia (fever, cough, shortness of breath, tachypnoea), with one of the
following: 1). respiratory rates of > 30 times/minutes; 2). severe respiratory distress, or 3). SpO2 of < 90% in
room air. Critical COVID-19 patients were the patients with presentation of ARDS, or sepsis, or septic shock.
Sepsis and septic shock were defined according to Sepsis bundle guideline 2021.(9) Septic shock has a
manifestation of sepsis symptoms, accompanied by the persistent hypotension which require vasopressor to
maintain mean arterial pressure for the minimum of 65 mmHg, with lactate serum concentration >2mmol/L
(18mg/dL) despite of adequate fluid resuscitation.
The maximum SOFA score describes the highest daily SOFA score over the course of the study period.
Calculation of SOFA score based on six criteria reflecting the function of an organ system (respiratory,
cardiovascular, renal, neurological, hepatic and haematological) and allocates a score of 0—4 as elaborated below
in Table 1, adapted from Vincent et al.(10).

Table 1. Sequential Organ Failure Assessment (SOFA) Score Criteria

Organ systems Scores
Respiratory system
PaO,/FiO, (mmHg)
> 400
<400
<300
<200 with respiratory support
Nervous system
Glasgow comma score
15
13-14
10-12
6-9
<6
Cardiovascular system
Mean Arterial pressure
MAP > 70 mmHg 0
MAP <70 mm/Hg 1
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Dopamine <5 pg/kg/min or dobutamine (any dose) 2
Dopamine > 5 pg/kg/min OR epinephrine <0.1 pg/kg/min OR norepinephrine <0.1 pg/kg/min
Dopamine > 15 puh/kg/min OR epinephrine > 0.1 pg/kg/min OR norepinephrine > 0.1 pg/kg/min
Liver
Bilirubin (mg/dl) [pmol/L]
<1.2(<20)
1.2-1.9 [20-32]
2.0-5.9 [33-101]
6.0-11.9 [102-204]
>12.0 [>204]
Coagulation
Platelets x103/ml
>150
<150
<100
<50
<20
Kidneys
Creatinine (mg/dl) [umol/L]; urine output
<12[<110]
1.2-1.9 [110-170]
2.0-3.4[171-299]
3.5-4.9 [300-440] (or urine output < 500 ml/day)
> 5.0 [>440]; urine output < 200 ml/day
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Survival criteria were the severe and critical COVID-19 patients who were alive until the ICU discharge.

2.3 Statistical analysis

Continuous variables were reported as median and interquartile range (IQR). Categorical variables were
reported as frequencies and proportions. Bivariate analysis was made with the Mann-Whitney for continuous
variables and the Fishers exact test for categorical variables. A two-sided P value <0.05 was used to indicate
statistical significance without adjustment for multiple testing. Receiver operating characteristic (ROC) curve’s
area under the curve (AUC) used the significance of 95% and cut-off >0.7 was considered to have a strong
association. Sensitivity and specificity were calculated with the aid of Ms. Excel. Survival analysis used Kaplan-
Meier curve and cox-regression. Statistical analysis was calculated and presented by using SPSS version 21.

3.  Results

A total of 134 patients met the inclusion criteria and 11 patients were excluded, therefore 123 patients were
eligible in this study. Baseline characteristics of the subjects shows in Table 2. Median age of the severe and
critical COVID patients was 50 years old. Body mass index was significantly different in the patients with high
SOFA score (>7) compared to patients with the maximum SOFA score not more than 7. Patients with higher
SOFA score tend to have lower MAP, higher leukocyte counts, and higher concentration of sepsis biomarkers
(lactate and procalcitonin) . Acute Kidney Injury (AKI) was the complication that was more commonly found in
patients with the higher SOFA score.

Table 2. Baseline characteristics

All patients SOFA score >7 SOFA<7

Variables® N= 123 n=67 (54.5%) N= 56 (45.5%) P-value

Age 50.0+12.0 51+12.2 485+12.3 0.464
Male Gender 78 (63.4%) 45 (67.1%) 33 (58.9%) 0.355
Survive 62 (50.4%) 11 (16.4%) 51 (91.0%) <0.001
Body Mass Index 26.1+5.6 271+ 6.4 25.7+4.1 0.018
Length of stay (days) 8051 9+5.9 6.5+3.3 0.010
Vital signs

Systolic Blood Pressure (mmHg) 100.0+19.4 90+ 18.9 110+12.6 <0.001
Diastolic Blood Pressure(mmHg) 58.0+12.5 50+11.1 60+10.6 <0.001
Mean Arterial Pressure 70.0+14.1 63+12.5 76+11.2 <0.001
Body Temperature 376+3.1 38+4.3 37.2+0.5 <0.001
Laboratory results

Haemoglobin 115+2.1 10.7+2.2 12.3+1.9 0.023
Haematocrit 35.0+6.3 3346.7 37454 0.010
Thrombocyte 250000 + 255529 239500+329263 258000+120392 0.475
Leucocyte 19900+ 12118 23470+12165 14015+10026 <0.001
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Lactate 1.7+27 22435 1.1+0.9 <0.001
SGOT 69.0 +136.8 73+164.2 56.5+94 0.034
SGPT 78.0+74.4 T77+74.4 83.5+75.1 0.839
Blood Urea Nitrogen 34.0+458 61+50.0 18.0+14.5 <0.001
Creatinine Serum 1.3+9.1 3.5+11.9 0.9+1.3 <0.001
C-Reactive Protein 89+29 11.9+38.9 6.4+9.3 0.083
Procalcitonin 0.7£23 2.0+£28.7 0.3+13.5 <0.001
Blood sugar 234 +121.8 267+132.5 198+88.6 0.005
HBA1C 6.4+22 6.5+2.5 6.0+1.6 0.031
D-dimer 3260 + 7836 3650+7193 28758609 0.166
Ferritin 1045 + 1870 1220+2407 825+819 0.148
PTT 135+43 14.845.0 12.842.9 0.016
APTT 33.3+29.1 38.6+32.1 30.0£22.9 0.001
Bilirubin Direct 0.7+4.3 1.1+2.0 0.5+6.0 <0.001
Bilirubin Total 0.9+3.0 1.4+4.0 0.8+0.8 0.001
Albumin 28+0.3 2.740.3 3.0+0.3 <0.001
Respiratory
P/F ratio 94.0 £64.8 80.2+32.3 136+77.0 <0.001
SPO, 94.045.1 92+5.8 95.5+3.2 <0.001
Ventilator support 89 (72.4%) 67 (100%) 22 (39.2%) <0.001
High Flow Nasal Cannula 48 (39%) 18 (32.1%) 30 (53.6%) 0.003
Comorbidities
Hypertension 49 (39.8%) 31 (46.3%) 18 (32.1%) 0.140
Diabetes Mellitus 59 (48%) 37 (55.2%) 22 (39.3%) 0.103
Tuberculosis 1 (0.8%) 1 (1.5%) 0 (0%) 1.000
Chronic Kidney Disease 5 (4.1%) 4 (6.0%) 1(1.7%) 0.375
Asthma 4 (3.3%) 2 (3.0%) 4 (3.5%) 1.000
Hepatitis 18 (14.6%) 11 (16.4%) 7 (12.5%) 0.615
Acute Kidney Disease 40 (32.5%) 36 (53.7%) 4(7.1%) <0.001
Medications
Dopamine 2 (1.6%) 2 (3.0%) 0 (0%) 0.295
Dobutamine 21 (17.1%) 19 (28.3%) 2 (3.5%) <0.001
Norepinephrine 54 (43.9%) 51 (76.1%) 3 (5.3%) <0.001
Epinephrine 27 (22%) 26 (38.8%) 1(1.7%) <0.001
Vasopressin 22 (17.9%) 22 (32.8%) 0(0%) <0.001
Antibiotics 94 (95.5%) 30 (53.6%) 30 (31.9%) <0.001
Antiviral 45 (78.9%) 43 (76.8%) 43 (48.9%) 0.316
Antifungal 18 (26.9%) 5(8.9%) 5 (21.7%) 0.012
*Numeric variables were presented in median and standard deviation; categorical variables were presented with total number and
percentage

SOFA score significantly predicted ICU mortality of COVID-19 patients with the Area under curve of 0.9
(p<0.001). (Figure 1)

ROC Curve
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C- statistic results of SOFA Score to predict intra-ICU mortality
AUC Area 0.917
Std Error 0.027

95% Confidence Interval 0.865-0.970

Fig. 1. SOFA score performance in predicting ICU mortality
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Survival rate of patients with the SOFA score of <7 was 90%, compared to patients with the SOFA score of >7
with survival rate of 10%. Patients with SOFA score < 7 had a significantly longer survival time during ICU care
(HR=15.85, p<0.001). (Figure 2)

Survival Functions

Cum Survival

0 10 20 30 40
Survival Time (days)

Fig. 2. Kaplan-Meier Curve of Survival among severe and critical COVID-19 patients

4, Discussion

Severe and critical COVID-19 could lead to and manifested as acute respiratory distress syndrome (ARDS),
sepsis, and subsequent septic shock. SARS-COV-2 infection with severe to critical manifestation are able to cause
multiple organ dysfunctions, such as acute myocardial injury, acute Kidney injury and even to mortality.(11)
SOFA score is simple and discriminate tool to measure both severity and number of multiple organ dysfunctions
that also are the complications found in severe and critical COVID-19 patients. It was originally developed to
assess the severity of organ dysfunction in severe sepsis, and it had been validated by many studies in ICU
settings.(12)

Similar result was reconfirmed in our study that in severe and critical COVID-19 patients, SOFA score had a
strong association with ICU mortality (AUC=0.917, p<0.001). SOFA score cut-off that interfered the survival
outcome of the patients was calculated; sensitivity and specificity of SOFA score with the cut-off of 7 were 0.918
and 0.823, respectively. PPV was 0,84 and NPV 0.91. As much as 84% of patients with SOFA score of >7, were
mortality during ICU stay in the population of severe and critical COVID-19 patients, with 8.9% of false negative
result. SOFA score of >7 had a high sensitivity towards ICU mortality. These results were reconfirmed by the
survival analysis in our study, with the Hazard ratio (Log Mantel Cox) of 15.85, and significancy of <0.001. The
occurrence of ICU mortality in severe and critical COVID-19 patients during median interval time of 10.5 days
was 15.85 times higher in patients with the SOFA score >7.(13) Survival rate of patients with SOFA score of >7
was only 10% with the median survival time of 9 days.

The virulence of SARS-COV-2 to cause multiorgan dysfunctions was hypothesized because of its binding
receptors that could be found in many tissue types in human body. In the early infection, this virus targeted cells
in respiratory tracts through the S protein binding to the Angiotensin converting enzyme 2 (ACE2) receptor.(14)
ACE?2 reduces angiotensin Il by cleaving it to the sorter angiotensin(1-7) peptide, which can then activate the
vasodilation-promoting and anti-inflammatory, therefore the binding of SARS-COV-2 spike protein to ACE2
receptor would leads to the opposite effects (pro-inflammatory).(15)

The following phase of SARS-COV-2 infection was the virus replication, as the replication accelerated,
pulmonary capillary endothelial cells and epithelial-endothelial barriers’ integrity were markedly affected and
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together with the advancing of the inflammation causing the infiltration of monocytes and neutrophils.
Subsequently, thickening of the alveolar wall infiltrating airspaces worsen the endothelialitis. The alveolar spaces
were filled with hyaline membrane formation in the pulmonary oedema settings, therefore the early stage of ARDS
began.(16) Moreover, decrease of ACE2 expression and locally increased of angiotensin 1l production induce the
pulmonary blood vessels leakage.

Continuous SARS-COV-2 infection with the sustainable capillary leakage consequences in its bloodstream
spreading, called viremia. Viremia and the increase of ACE/Angiotensin signalling through AT1 receptor cause
the further diminishment of ACE2 and therefore leads to the overactivation of pro-inflammatory cells and
mediators, termed as cytokine storm.(17)

ACE2 expression was observed across more than 150 different cell types and mainly found in: enterocytes, renal
tubules, gallbladder, cardiomyocytes, male reproductive cells, placental trophoblasts, ductal cells, eye, and
vasculature.(18) A prior study also correlated the ARDS with the obstructive thrombo-inflammatory syndrome
in the microvascular of COVID-19 patients’ lung.(19) Reduction of ACE2 in many cell sites compromised the
multiorgan damage directly, and indirectly by the cytokine storm. As a platelet production site, lung serves as the
hematopoietic function and as the reservoir of megakaryocytes and hematopoietic progenitors, causing
thrombocytopenia in COVID-19 case.(20) Another haematological abnormality in COVID-19 was the imbalance
of coagulation pattern caused by the endotheliopathy. Relating to kidney injury caused by COVID-19, collapsing
focal segmental glomerulosclerosis and podocyte damage were identified. An indirect mechanisms to renal
damage were the tissue hypoxia, haemodynamic instability, sepsis, cytokine storm, and rhabdomyolysis.(21)
COVID-19 manifestation inside the liver tissue were the infiltration of lymphocytes in sinusoidal spaces, hepatic
necrosis including inside the portal vein, and also the Kupffer cells activation by the necrotic debris.(5) COVID-
19 also could affect nervous system directly and indirectly. COVID-19 directly affects ACE2 receptors in nuclei
of brainstem as the cardiorespiratory regulator and indirectly by the loss of permeability in blood brain barrier
caused by the endotheliopathy, therefore enhance the central nervous system infection.(22)

COVID-19 infection affected the 6 main organs function directly to the tissue injury and indirectly by the
cytokine-storm’s vicious cycle, parallel with the SOFA score that measures the function of these 6 main organs
related to COVID-19 pathogenesis. Beyond this reason, our study proved that patients with higher SOFA score
had a significantly different survival outcomes during the ICU stay, with the score cut-off of 7. This score cut-off
could significantly discriminate ICU survival with high predictive values.

5.  Conclusion

Survival rate of COVID-19 patients admitted to ICU was significantly higher in patients with SOFA score
of <7, compared to the ones with SOFA score >7. Survival time was significantly shorter in patients whose SOFA
score was > 7. SOFA score could be used to discriminate the survival probability in severe and critical COVID-
19 patients admitted to ICU, regardless of their comorbidities. Further researches with bigger sample size are
recommended to confirm our study results with the SOFA score cut-off of 7 for COVID-19 patients that were
taken care in ICU.
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