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Abstract: Sepsis carries a poor prognosis for critically ill patients, even withintensive management.
We aimed to determined early predictors of sepsis-related in-hospital mortality and to monitor
levels of presepsin and high sensitivity C reactive protein (hsCRP) during admission relative to the
applied treatment and the development of complications.An observational study was conducted on
68 intensive care unit (ICU) patients with sepsis. Blood samples from each patient were collected at
admission (day 0) for measuring presepsin, hsCRP, biochemical examination, complete blood picture
and microbiological culture and at the third day (day 3) for measuring presepsin and hsCRP. Predictors
of sepsis-related in-hospital mortality were assessed using regression analysis. Predictive abilities of
presepsin and hsCRP were compared using the area under a receiver operating characteristic curve.
The Kaplan–Meier method was used to estimate the overall survival rate.Results showed that the
sepsis-related in-hospital mortality was 64.6%. The day 0 presepsin and SOFA scores were associated
with this mortality. Presepsin levels were significantly higher at days 0 and 3 in non-survivors vs.
survivors (p = 0.03 and p < 0.001 respectively) and it decreased over the three days in survivors.
Presepsin had a higher prognostic accuracy than hsCRP at all the evaluated times. Overall, in
comparison with hsCRP, presepsin was an early predictor of sepsis-related in-hospital mortality in
ICU patients. Changes in presepsin concentrations over time may be useful for sepsis monitoring,
which in turn could be useful for stratifying high-risk patients on ICU admission that benefit from
intensive treatment.
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1. Introduction

Sepsis is the life-threatening failure of organs caused by a dysregulated host response toinfection
that carries a significant morbidity and mortality [1,2]. It develops in 12.4–27.3% of intensive care unit
(ICU) patients [3,4]. Even though there have been new advances in critical care management such as
the improvements of diagnostic criteria, the higher index of infection suspicion and improvedantibiotic
therapy, the incidence of sepsis is steadily increasing among hospitalized patients where the fatality
rates unacceptably remains as high as 30–60%, while the mortality rate of severe sepsis accounts for
30–50% of hospital deaths [5–9].
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In this viewpoint, early identification and monitoring of those patients is important to alleviate the
risk of multi-organ failure and to decrease mortality. The available scoring systems that could predict
hospital outcomes for critically ill patients carry some shortages e.g., Acute Physiology and Chronic
Health Evaluation II (APACHEII) and Sequential Organ Failure Assessment (SOFA) scores [10,11].
One of the shortages of the APACHEII scoring system is its complexity, while SOFA is not well known
outside the critical care community. A recent quick SOFA scoring system has been proposedin patients
with suspected infection, however its assessment strategy has a low sensitivity in ICU patients [12].
Other organ failure scoring systems exist, including systems built from statistical models, but none are
in common use [1].

Although, laboratory indexes such as high sensitivity C reactive protein (hsCRP) and procalcitonin
are highly specific for sepsis, their levels can be increased in settings other than bacterial infection
resulting in false-positive results e.g., autoimmune diseases, tumors, tissue necrosis after ischemic
heart attack, severe trauma, invasive surgical procedure and critical burn injuries [13–15].

Presepsin (sCD14-ST) is the soluble N-terminal region of the membrane marker/receptor protein
CD14, which is released after the host cell activation that follows the recognition of bacterial
lipopolysaccharide or other surface bacterial ligands including gram-positive peptidoglycans [16].
Several studies documented the role of presepsin in the diagnosis and prognosis of sepsis where
presepsin levels were significantly higher in septic than in non-septic patients or in those with systemic
inflammatory response syndrome (SIRS) [6,17]. Moreover, these higher levels were reported in the
early stages of sepsis that were correlated with severity [9].

The aim of this study was to identify the early predictors of sepsis-related in-hospital mortality
in critically-ill patients during ICU admission, and to assess the clinical value of presepsin and
hsCRP monitoring during admission in relation to the applied treatment and to the development
of complications.

2. Materials and Methods

2.1. Study Design

This was an observational cohort study carried out at Assiut University Hospital (AUH),
a tertiary-care hospital in Egypt, from June 2017 to March 2018. The study was approved by the
Local Ethics Committee of AUH, Egypt, and was conducted in accordance with the previsions of the
Declaration of Helsinki. Patients (or relatives of comatose patients) provided informed consent for
study participation. The ethical approval code is 17100657 (on date: 12/8/2014).

2.2. Study Population

Patients were admitted to ICU of Emergency Department, Assiut University Hospital, Assiut,
Egypt. They were diagnosed as having SIRS and consecutively recruited from June 2017 to March 2018.

The diagnosis of SIRS was defined as two or more of the following conditions: (i) temperature
>38 ◦C or <36 ◦C, (ii) heart rate >90 beats/minute, (iii) respiratory rate >20 breaths/minute or PaCO2
<32 mmHg when on mechanical ventilation, (iv) white blood cell count >12,000/µL or <4000/µL, or
an increase in the number of immature band forms (>10%), according to criteria of the ACCP/SCCM
Consensus Conference Committee as reported by Bone et al. [18].

Exclusion criteria were age ≤18 years, pregnant women, cancer diseases and patients with
immunosuppressive drug treatment, patients with acquired immunodeficiency syndrome, end-stage
liver and renal disease.

At the time of ICU admission (Day 0), patients underwent a thorough medical history and physical
examination and were observed untildischarge from ICU or death. Sepsis-related in-hospital mortality
was assessed where patients were stratified as survivors ornon-survivors.

The SOFA score was assessed at the time of ICU admission (Day 0) to evaluate the severity of
critical patients and to evaluate sepsis-related organ dysfunction.
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2.3. Specimen Collection and Processing

For each patient, 15–20 mL of blood was collected aseptically within the first hours after admission
(Day 0) and at the third day (Day 3) of enrolment. Two milliliters of the blood sample were used for
plasma separation by centrifugation at 3000 g for 10 min and stored at −20 ◦C (for measurements of
presepsin). The remaining sample was used for biochemical examination, complete blood picture, and
microbiological culture.

2.4. Specimen Examination

Liver function, kidney function, blood picture (total and differential white blood cell count), serum
glucose, prothrombin time (PT) and activated partial thromboplastin time (aPTT) were measured.

Estimation of the plasma level of presepsin was done by the chemiluminescent enzyme
immunoassay PATHFAST Presepsin (Mitsubishi Chemical Medience Corporation, Japan) using
Magtration Technology as per the manufacturer’s instructions. A value >200 pg/mL was considered
positive as indicated by the manufacturers.

High sensitivity C-reactive protein (hsCRP) was measured by nephelometry (BN ProSpec® System,
Siemens, Munich, Germany).

For blood cultures, each blood sample was incubated and monitored for seven days by BacT/Alert
3D system (bioMérieux, Marcy l’Etoile, France). Blood culture samples with positive signals were
processed. Subcultures were prepared on blood agar, chocolate agar and MacConkey agar, at 37 ◦C
and incubated for 24–48 h, and a gram stain film was takenfrom the growth to identify the type of
organism (gram-positive or negative, cocci or bacilli).

The identification and antibiograms of growing bacteria were determined with the VITEK 2
Compact 15 (BioMerieux, Marcy l’Etoile, France), a fully automated system for microbial identification
and antimicrobial susceptibility testing.

Patients were stratified into two groups: non-bacteremic SIRS patients with persistently
negative blood cultures which were excluded from this study and bacteremic patients with positive
blood cultures.

2.5. Statistical Analysis

All statistical analyses were conducted using Statistical Package for the Social Sciences for
Windows version 16 (SPSS Inc., Chicago, IL, USA) and the MedCalc program. Quantitative data
are expressed as mean ± standard deviation or median and the interquartile range and were compared
using a Student’s t test or a Mann–Whitney U-test for normally or abnormally distributed data,
respectively. Categorical variables were expressed as a percentage and compared using a chi-squared or
Fisher’s exact probability test. Spearman’s rank correlation coefficient (r) was used to find correlations.
Significant factors on univariate analysis were considered for inclusion in multiple regression analyses
to predict the sepsis-related in-hospital mortality. The receiver operating characteristic curves (ROC)
were plotted to measure and compare the performance of presepsin and hsCRP to determine the death
risk and to select the best cut-off point at which sensitivity, specificity, positive (PPV) and negative
(NPV) predictive values, positive and negative likelihood ratio (+LR, −LR) could be calculated. The
Kaplan–Meier method was used to estimate the overall survival rates. All tests were two-tailed and
the statistical significance was assessed at <0.05.

3. Results

3.1. Characteristics of the Studied Patients

During the study period, 90 critically ill patients who met one or more of the SIRS criteria
according to American College of Chest Physicians (ACCP)/Society of Critical Care Medicine (SCCM)
criteria were admitted to ICU. Twenty-two patients were non-bacteremic SIRS patients with persistently
negative blood cultures, and the remaining 68 were bacteremic patients with positive blood cultures.
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Those 68 critically ill ICU patients with proven sepsis were included in the study. Their mean age
was 35.7 ± 15.1 years and the male sex was predominant (70.6%). The etiology of ICU admission was
post traumatic complications. Most of the patients had a gram-negative bacterial infection (67.6%).
Sepsis-related organ dysfunctions were evaluated using a SOFA score at admission (7.6 ± 3.1; 3.1–11.8).
Of 68 patients, 44 (64.7%) died during hospitalization due to a sepsis-related complication: Intractable
multiple organ failure (n = 34), coagulation disorders (n = 9) and intestinal ischemia (n = 1).

The clinical and laboratory data of the studied patients and their subgroups (survivors and
non-survivors) at and during admission (Day 3) is summarized below in Table 1.

Table 1. Demographic and clinical characteristics of the studied critically ill patients with sepsis
(survivors and non-survivors).

Total (n = 68) Survivors (n = 24) Non-Survivor (n = 44) p

Age (years; Mean ± SD) 35.7 ± 15.1 34.7 ± 15.3 36.3 ± 15.2 0.771
Sex (M/F) 48/20 (70.6/29.4%) 20/4 (83.3/16.7%) 28/16 (63.6/36.4%) 0.228

SOFA score 7.6 ± 3.1 6.3 ± 3.2 8.9 ± 2.9 0.015
Type of organisms (Gram+/−ve) 22/46 (32.4/67.6%) 0/24 (0/100%) 22/22 (50/50%) 0.05
Glucose (mmol/L; mean ± SD) 6.9 ± 2 7.2 ± 2.2 6.8 ± 1.9 0.581
Urea (mmol/L; median, range) 6.1 (1.3–30.4) 8.2 (4.2–16.1) 5.8 (1.3–30.4) 0.118

Creatinine (µmol/L; median, range) 84.5 (35.9–663.8) 103.5 (35.9–296) 378.8 (37–663.8) 0.03
Albumin (g/dL; mean ± SD) 2.6 ± 0.7 2.7 ± 0.7 2.6 ± 0.7 0.556

Total bilirubin (µmol/L; median, range) 10.7 (3–85) 9.4 (3–33.5) 21.4 (8.5–85) 0.04
AST (U/L; median, range) 102 (19–989) 122.5 (31–597) 84.5 (19–989) 0.261
ALT (U/L; median, range) 58.5 (14–298) 111.5 (16–298) 49.5 (14–194) 0.094

INR 1.6 ± 0.2 1.2 ± 0.2 1.8 ± 0.2 0.400
Hemoglobin (g/dL; mean ± SD) 10 ± 2.3 10.2 ± 1.6 9.9 ± 2.5 0.736

Platelets (×109/L; median, range) 193 (20–625) 196.5 (53–625) 187 (20–275) 0.548
WBC (×109/L; mean ± SD) 12.9 ± 5.6 10.8 ± 4.7 15 ± 6.4 0.03

WBC at follow-up (×109/L; mean ± SD) 11 ± 4.9 10.2 ± 3.9 11.5 ± 5.4 0.462
hsCRP (mg/L; median, range) 101.5 (9.8–384) 64.1 (9.8–384) 128 (22.8–380) 0.488

hsCRP at follow-up (mg/L; median, range) 66 (4–279) 38.5 (4–210) 97.4 (22–279) 0.015
Presepsin (pg/mL; median, range) 690 (294–4965) 588 (294–4965) 810.5 (453–4879) 0.03

Presepsin at follow-up (pg/mL;
median, range) 721 (210–6540) 269 (210–323) 1969.5 (232–6540) <0.001

p < 0.05 = significant; ALT: alanine aminotransferase; AST: aspartate aminotransferase; hsCRP: high sensitivity
C-reactive protein; INR: international normalized ratio; SOFA: The Sequential Organ Failure Assessment; WBC:
white blood cell

3.2. Assessment of Presepsin and hsCRP in Critically Ill Septic Patients

It was found that the presepsin levels on days 0 and 3 of admission were significantly higher in
deceased patients than survivors (p = 0.03 and <0.001 respectively, Table 1).

In addition, Figure 1 showed that in a cohort of survivors at day 3 of admission, the median
presepsin values significantly reduced from 588 pg/mL to 269 pg/mL (p < 0.001). In contrast,
in deceased patients, the median presepsin values significantly increased from 710 pg/mL to
1969.5 pg/mL (p < 0.001).

On the other hand, the median hsCRP levels significantly decreased in the survived patients on
day 3 (64.1 mg/L to 38.5 mg/L, p = 0.019, Figure 1) when compared with deceased patients on day 3
(38.5 mg/L vs. 97.4 mg/L, p = 0.015, Table 1). There were no significant differences, however, in hsCRP
levels among survivors and non-survivor septic patients on admission (64.1 mg/L vs. 128 mg/L,
p = 0.488, Table 1) and its levels were not significantly changed from day 0 to day 3 follow-up among
deceased patients (128 mg/L vs. 97.4 mg/L, p = 0.338) (Figure 1).
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Figure 1. Changes of presepsin and hsCRP levels at days 0 and 3 of admission among survivor and
non-survivor septic patients; hsCRP: high sensitivity C-reactive protein.

Levels of presepsin at admission (day 0) significantly correlated with SOFA (r = 0.745, p < 0.001)
and with its components; PaO2/FiO2 (r = −0.390, p = 0.04), bilirubin (r = 0.601, p = 0.001), creatinine
(r = 0.551, p = 0.001), platelets (r = −0.447, p = 0.008) and aPTT (r = 0.508, p = 0.002). No significant
correlations, however, were found between day 0 hsCRP and these parameters.

Plasma presepsin levels (days 0 and 3) among non-survivors infected with gram-negative bacteria
were higher than those infected with gram-positive bacteria, but this was not statistically significant
difference. Furthermore, hsCRP levels (days 0 and 3) were not significantly associated with the type of
bacteria among deceased patients.

3.3. Determination of Risk Factors for Sepsis-Relatedin-Hospital Mortality

Univariate analysis showed that serum bilirubin, creatinine, WBC, presepsin and SOFA on
admission (day 0) and hsCRP and presepsin on the third day of admission (day 3) were significantly
associated with sepsis-related in-hospital mortality (Table 1).

On multivariate analysis, only SOFA (p = 0.03) and presepsin (p = 0.04) were found to be
independent predictors of sepsis-related in-hospital mortality at admission (Table 2).
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Table 2. Multiple regression analysis of risk factors predicting sepsis-related in-hospital mortality in
the study critically ill patients at admission (day 0).

Odds Ratio (95% CI) p

Type of organisms (Gram+/−ve) 0.9 (0.8–1.03) 0.342
SOFA score 1.3 (0.8–2) 0.03

Serum creatinine 1 (0.8–1.4) 0.499
Serum total bilirubin 1.1 (0.9–1.9) 0.549

WBCs 0.7 (0.4–1.1) 0.683
hsCRP 1.03 (1–1.1) 0.092

Presepsin 1 (0.9–1.02) 0.04

p < 0.05 = significant; hsCRP: high sensitivity C-reactive protein; SOFA: The Sequential Organ Failure Assessment;
WBCs: white blood cells.

3.4. Comparison of Predictive Accuracy and Determination of the Best Cut-Off Value of Presepsin and hsCRP
for Risk of Sepsis-Related in-Hospital Mortality

Based on the ROC curves, presepsin at admission (day 0) had better prognostic accuracy than
hsCRP (day 0) for the prediction of sepsis-related in-hospital mortality (Figure 2). Day 0 presepsin
yielded higher AUC (0.824) and 95% confidence interval (CI) (0.646–0.955), p = 0.03, with 86.4%
sensitivity, 89.6% specificity, 93.8% PPV, 78.2% NPV, and 8.3 +LR at cut-off of >607 pg/mL (Table 3).
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Figure 2. Area under the receiver operating characteristic curve (AUC) of presepsin and hsCRP
(on days 0 and 3) where presepsin has higher AUCs in predicting sepsis-related in-hospital mortality
in critically ill patients. hsCRP: high sensitivity C-reactive protein.

Furthermore, by using the ROC curve, the ability of the presepsin values to predict sepsis-related
in-hospital mortality at follow up (on day 3) revealed higher AUC (0.943) and 95% CI (0.806–0.992)
with 90.1% sensitivity, 100% specificity, 100% PPV and 89.8% NPV with a cut-off of >1323 pg/mL
(p < 0.001) (Figure 2, Table 3).
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Table 3. Diagnostic accuracy of prognostic parameters to predict sepsis-related in-hospital mortality
with the best predictive cut-offs.

AUC 95% CI SEN (%) SPE (%) PPV (%) NPV (%) +LR −LR Accuracy (%)

Day 0 Presepsin
(>607 pg/mL)

0.824
(0.775–0.955) 86.4 89.6 93.8 78.2 8.3 0.2 87.5

Day 3 Presepsin
(>1323 pg/mL)

0.943
(0.806–0.992) 90.1 100 100 89.8 0.1 93.6

Day 0 hsCRP
(>58 mg/L)

0.576
(0.395–0.743) 72.7 50 72.7 50 1.5 0.5 64.7

Day 3 hsCRP
(>67 mg/L)

0.737
(0.558–0.872) 54.6 75 80 47.4 2.2 0.6 61.8

AUC: area under the curve; hsCRP: high sensitivity C-reactive protein; SEN: sensitivity; SPE: specificity;
PPV: positive predictive value; NPV: negative predictive value; +LR: positive likelihood ratio; −LR: negative
likelihood ratio.

3.5. Determination of the Survival Analysis

Kaplan–Meier-estimated survival curves were generated for patients who fell above and below
the cut-off values identified by means of the ROC curves for day 0 presepsin to predict sepsis-related
in-hospital mortality (Figure 3). These cut-offs clearly differentiated between patients with different
survival times; patients who had higher levels than the cut-off value (>607 pg/mL) had a shortened
survival period compared to patients who had lower levels (long rank, p = 0.360; Breslow, p = 0.576
and Tarone-Ware, p = 0.047). On the other hand, no significant changes were found in survival period
with changes in levels of day 0 hsCRP.
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4. Discussion

The life-threatening condition of sepsis is a great challenge amongst the critical care population.
In this study, sepsis-related in-hospital mortality among critically ill patients was 64.6%, which was
higher than the 18.4% to 60% reported in previous studies [5,6], and lower than that reported in
India (85%) [19]. These variations of sepsis-related mortality are likely dependent on multiple factors
involving variations in the definition of sepsis. We intended in this study to evaluate the prognostic
value of presepsin in critically ill patients and its impact on sepsis-related in-hospital mortality in
comparison to hsCRP.
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In this study, presepsin levels were associated with sepsis-related in-hospital mortality within
the first three days of ICU admission and it was found that their levels were significantly higher
in non-survivor septic patients than survivors, which was in agreement with earlier studies [20,21].
Masson et al. [22] reported that increasing presepsin levels within the first week of hospitalization
predicted ICU and 90-day mortality.

In the present study, it was demonstrated that presepsin levels within the first week had better
prognostic accuracy than hsCRP in the prediction of sepsis-related in-hospital mortality. They had
the highest AUC value (0.943) on day 3 rather than on day 0, whichmay anticipate poor response to
treatment with exaggerated inflammatory response. This was in accordance with Liu et al. [20] who
showed that presepsin had a better prognostic capacity for predicting short and long-term mortality
in septic patients than interleukin 6, CRP and procalcitonin. Masson and colleagues found that
AUCs for presepsin on days 1, 2, and 7 for predicting in-hospital mortality were 0.96, 0.70, and 0.74
respectively [22].

Identifying cut-off values of presepsin at admission (607 pg/mL) and on the third day
(1323 pg/mL) which had high sensitivity (86.4 and 90.1%), specificity (89.6 and 100%) and PPV
(93.8 and 100%) in the current results indicated that presepsin may be a good predictor for mortality
that necessitates the construction of more intensive measures to reduce the high mortality rates.
Moreover, patients with higher values than the day 0 presepsin cut-off value had a short survival rate.
Klouche et al. [23] who showed that presepsin was a predictor of ICU mortality in septic patients at a
cut-off value of 1925 pg/mL.

In this study, there was an increase in presepsin levels in deceased patients infected with
gram-negative bacteria compared tothose infected with gram-positive bacteria, but with no statistical
significance. This finding was compatible with Romualdo and colleagues who reported that
gram-negative were associated with the highest levels of presepsin without achieving any statistical
significance, indicating that presepsin levels were not dependent on the type of bacterial organism [24].

We found that presepsin levels in survivors declined significantly on day 3 compared to its
admission levels and compared to non-survivors. These findings were consistent with previous
studies, indicating the possibility of using the presepsin levels to monitor the efficacy of antimicrobial
therapy [22,25].

It has been demonstrated that presepsin is generated as the body response to bacterial infection
and its production is induced by phagocytosis of bacteria [26]. It has inhibitory activity on both
innate immune cells (macrophages) and on T and B cells. So, its production is restricted to infection
rather than the degree of inflammation [16], unlike CRP whichincreases in cases of SIRS even without
bacterial infection [20]. Furthermore, elevated presepsin levels in deceased patients may be partially
attributed to sepsis-related complications, e.g., acute kidney injury [27].

Also, day0 presepsin levels were significantly correlated with the SOFA score and aPTT and
inversely correlated with the platelets count suggesting the role of presepsin as a predictor of ongoing
organ dysfunction. These findings were in agreement with Behnes et al. [28] except that there
was no correlation with the platelets count. Masson et al. [22] revealed that higher presepsin on
day 1 was closely associated with a higher incidence of subsequent new organ failures. Moreover,
Ishikura et al. [29] reported that presepsin levels were higher in patients with lower platelet counts,
reflecting a possible relationship between presepsin and coagulation disorders. Masson et al. [22]
revealed that “presepsin appears to be a good marker of the host response, and its higher levels,
independently of the type of infection per se, may indicate a loss of infection compartmentalization, or
a state of immunoparalysis, leading to a spreading of the related inflammatory reaction, and of the
innate immune host response, which may ultimately lead to multiple organ failure and death”.

C-reactive protein is widely used in the critical care setting, and its value as a prognostic marker
is proven in many diseases including sepsis [30,31]. Similar to Endo et al. [32] we demonstrated that
survivors had hsCRP levels that decreased significantly over time.
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In our study, the measurement of hsCRP at admission was not associated with mortality in
septic patients, however its measurement after 72 h was significantly higher in non-survivors
but with a low predictive capability (AUC = 0.737). In addition, at a cut-off value >67 mg/L,
hsCRP had 54.6% sensitivity, 75% specificity, 80% PPV and 47.4% NPV. These findings agreed with
Thiem et al. [31] who reported that the initial CRP level did not predict mortality in hospitalized
patients with community-acquired pneumonia. Silvestre et al. [33] concluded that the initial CRP
was not an adequate marker for the prognosis of sepsis patients. In contrast, Hogarth et al. [34]
reported that non-survivors had a significantly higher median CRP concentration on admission than
survivors. Ho et al. [30] showed that a high CRP level was an independent risk factor of mortality.
El-Shafiea et al. [35] reported that CRP levels did not show any significant difference between survivors
and non-survivors on days 0, 2, or 4.

C-reactive protein is an acute phase reactant, so its persistence may represent an emerging
subclinical nosocomial infection or unresolved inflammation in critically ill patients [30]. In addition, its
concentration correlated with organ dysfunction in those patients [36,37]. Lobo et al. [36] reported that
in a heterogeneous group of critically ill patients, the concentrations of CRP fall as organ dysfunction
resolves in survivors, but remains elevated in non-survivors. On the other hand, its elevation may be
related to non-infectious conditions e.g., severe trauma as was the case in our patients, resulting in
false-positive results [13–15].

There were some limitations of this study. It was a single-center small sample sized study. It was
limited to study bacteremia patients with positive cultures, however nearly two thirds of those patients
with sepsis never had positive blood cultures. In addition, it was focused on hospital deaths, however
many sepsis deaths may have occurred after hospital discharge. So, large multicenter cohort studies
will be emphasized to confirm these findings and to identify post-discharge prognosis.

5. Conclusions

In comparison with hsCRP, presepsin could be an early predictor for sepsis-related in-hospital
mortality in critically ill patients. Moreover, changes in presepsin concentrations over time may be
useful for the monitoring of sepsis, which may aid in further improvement of the quality of care
in sepsis patients and in the further reduction of their short-term mortality. Overall, these findings
may offer a useful strategy to stratify high-risk patients on ICU admission who would benefit with
intensive treatment.
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