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Abstract 
Introduction: The availability of appropriate diagnostic tests and treatment is more important in the first few 

hours of admission in Intensive Care Unit (ICU), where the patients are more likely to be unstable and require 

utmost care. Thus, it is necessary to identify  those patients  who are at  risk, either through readily available 

laboratory biomarkers or clinical criteria or both. Aims and objectives:  To evaluate the prognostic utility of 

Procalcitonin (PCT), NT-proBNP and Sequential Organ Failure assessment (SOFA) score in patients admitted 

to ICU. Materials and Methods: 56 consecutive patients admitted to the ICU were enrolled for the study . The 

study protocol was approved by the institutional ethics committee. Written informed consent was obtained from 

the patient or patient’s first degree relatives. They were classified into sepsis or non-sepsis group according to 

SEPSIS-3 criteria. Demographic and clinical data including age, gender, preexisting co- morbidities, presence 

of ventilatory and vasopressor support, duration of ICU stay, SOFA score and outcome were recorded. NT-

proBNP and PCT were estimated by electrochemiluminescent immunoassay. Data were analyzed using 

MedCalc software.  Logistic regression analysis was done to determine the independent predictors of outcomes. 

A Kaplan-Meier curve was used to illustrate the cumulative proportions of survival. A two-tailed 𝑃 < 0.05 was 

considered statistically significant. Results:  Median of Age, PCT and SOFA score were higher in sepsis group 

in comparison to non sepsis group and is statistically significant (P=0.04, 0.0001, 0.0002 respectively) where as 

only PCT and SOFA score are higher in the non survivor group (P=0.0007 for both) compared to survivor 

group. Conclusion: Markedly elevated levels of PCT were observed in Sepsis and Non survivor groups. NT-

proBNP is found to be an independent predictor of morbidity indicating the requirement of vasopressor and 

ventilator support. SOFA score is an independent predictor of mortality. 
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I. Introduction: 
Intensive care units (ICUs) and multi-disciplinary team management have evolved improving the 

survival of critically ill patients. Timely decision making is very essential to improve the outcome of critically 

ill patients at the extremes of physiologic deterioration, as they often have multi organ failure and various 

comorbidities ,that require special care. Common causes of ICU admission include sepsis, trauma and organ 

failure (heart, lung, liver, kidney and circulatory) without infection. 

Sepsis is a major cause of morbidity and mortality and the second leading cause of death in intensive 

care units (ICU) worldwide.
1
 Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated 

host response to infection.
2-4

 Organ dysfunction can be represented by an increase in the Sequential [Sepsis-

related] Organ Failure Assessment (SOFA) score of 2 points or more, which is associated with an in-hospital 

mortality greater than 10%. Epidemiological data on sepsis come mostly from western literature, data from India 

are sparse . Pathophysiology of sepsis is complex ,toxins released as a result of bacteremia activates various pro 

inflammatory cytokines  like interferon gamma (IFN-γ), TNF-α and interleukins 6, 8, 10, 12, 1β when released 

cause the production of acute-phase proteins, increase vascular permeability, leakage and the recruitment of 

neutrophils to the inflammation site. Early identification and timely action is needed otherwise sepsis may lead 

to inflammation induced organ injury. The purpose of  this study is to identify the prognostic factors associated 

with the outcome of severe sepsis patients , admitted in ICU in our hospital. 

Procalcitonin (PCT) has been used as a marker of bacterial sepsis in critically ill patients. PCT is a 

precursor of calcitonin  a 116 amino acids protein.
5,6

  PCT has a much longer half-life as 25-30 hr . In healthy 

persons, PCT levels are barely detectable.
7
 Bacterial lipopolysaccharide (LPS) has been shown to be a potent 

inducer of PCT release into the systemic circulation.
8
Procalcitonin concentration starts to rise from 3-4 hr after 
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an endotoxin challenge, peak about 6 hr, and remain increased for over 24 hr. PCT can be used for early 

detection of sepsis and prediction of outcome after major trauma.  

NT-proBNP: In humans, BNP and NT-proBNP are mainly synthesized and secreted from ventricles . 

An in vitro study demonstrated that the expression of the BNP gene can be stimulated by many factors, such as 

stress, ischemia, mechanical tension, and cytokines (including tumor necrosis factor, interleukin, and 

endothelin). The half-life of NT-proBNP is 120 min in blood, but NT-proBNP remains in the circulation for 12 

hrs. some studies showed  endotoxin injection or sepsis may elevate NT-proBNP even without hemodynamic 

changes or cardiac dysfunction,
9,10

 hence elevated NT proBNP  levels have been used to predict the  outcome of 

critical illness after surgery or sepsis.
11,12,13 

The Sequential Organ Failure Assessment (SOFA) is a simple tool developed to estimate morbidity and 

mortality in patients admitted in emergency department. The SOFA score made up of six variables, each 

representing an organ system. Each organ system is assigned a point value from 0 (normal) -4( high degree of 

dysfunction).the SOFA score ranges from 0-24.Increasing SOFA score was associated with a higher mortality 

rate
 . 

 

II. Materials And Methods: 
This is a Prospective observational study carried out from June to August 2017 approved by the 

institutional ethics  committee. Patients over 18 years meeting the criteria for severe sepsis  admitted in  ICU or  

with ICU stay ≥ 24hrs were included in the study. This study included 56 subjects. Informed consent was taken 

from them. Severe sepsis was defined as sepsis and sepsis induced organ dysfunction or tissue hypoperfusion.
14 

Septic shock was defined as sepsis-induced hypotension persisting despite adequate fluid 

resuscitation.
15

Data related to demography, co-existing illness and other relevant clinical data regarding the 

source of infection and supportive measures given were collected. Length of stay  in ICU were noted. Blood 

samples were collected at the time of  admission and analyzed for laboratory parameters of Sequential Organ 

Failure Assessment( SOFA) score. NT proBNP and Procalcitonin were estimated by ECLIA. 

 

STATISTICAL ANALYSIS:   

Statistical analysis was done using MedCalc version 17.9.2. Results were expressed as median and 

quartiles. Mann-whitney U test  used to for  comparison of non-normally distributed variables and logistic 

regression analysis for predicting outcome .  Receiver Operating Characteristic (ROC) curves were constructed. 

A Kaplan-Meier curve was used to illustrate the cumulative proportions of survival. A two-tailed 𝑃 < 0.05 was 

considered statistically significant. 

 

III. Results  
A total of 56 patients were included in the study. Most common comorbidities  associated was DM - 45%, HTN 

- 40%, Respiratory diseases - 10%, others - 5%. Based on SEPSIS-3 criteria, they were divided into Sepsis and 

Non sepsis groups. Based on outcome, Survivors & Non survivors .  

Table-1 shows Demographic, Clinical and laboratory characteristics of sepsis and non sepsis patients. Medians 

of Age, PCT and SOFA score are high in the sepsis group and the difference between the two groups is 

statistically significant (p=0.04, 0.0001, 0.0002 respectively). 

 Table-2 shows Demographic, Clinical and laboratory characteristics of Survivor and non survivor patients. 

Medians of PCT and SOFA score are high in the Non survivors compared to survivors and the difference is 

statistically significant. (p=0.0007 for both). 

 

TABLE.1: Demographic, Clinical and laboratory characteristics of sepsis and non sepsis patients. 

 

*significant  **highly significant 

 

 Sepsis(n=35) Nonsepsis(n=21)  

Parameter Median IQR Median IQR P value 

Age(yrs) 50 38-57 40 28-47 0.04* 

Hospital stay(Days) 10 9-11 8 6-10 0.05 

Ventilator 
requirement(Days) 

1 0.2-1 0 0-1 0.2 

Vasopressor 

requirement(Days) 

 

1 0-1 1 1-1 0.2 

SOFA score 12 8-15 4 2.5-7.3 0.0001** 

PCT(ng/ml) 8.6 1.8-14 0.8 0.3-1.2 0.0002** 

NT-proBNP(pg/ml) 4532 2641-27201 4118 1879-13539 0.5 
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TABLE-2  Demographic, Clinical and laboratory characteristics of Survivor and non survivor patients. 
Parameter                         Survivors(n=44)                      Nonsurvivors(n=12)  

   Median        IQR    Median         IQR        P value 

Age(yrs) 47 35-55 35 26-69 0.1 

Hospital stay(Days) 9 6.5-11.5 9 6.5-10.5 0.5 

Ventilator 

requirement(Days) 

0 0-4.5 1 1-1 0.3 

Vasopressor 

requirement(Days) 
 

4 0-7.5 1 1-1 0.8 

SOFA score 6 4-13 15 11-17 0.0007** 

PCT(ng/ml) 1 0.4-10 26 3-79 0.0007** 

NT-proBNP(pg/ml) 3853 1225-27678 11941 3889-35000 0.07 

**Highly significant 

 

Independent predictors of outcome:- 

Table-3 shows Independent predictors of mortality. Of these variables SOFA score is found to be an 

independent predictor of mortality which is statistically significant (P=0.01), higher the SOFA score, higher is 

the  mortality. 

 

TABLE-3- Independent predictors of mortality 
Variable Coefficient Std. Error Wald P 

AGE -0.0090836 0.029164 0.09701 0.7554 

NT-proBNP 0.000016940 0.000029420 0.3316 0.5647 

Procalcitonin 0.029344 0.016005 3.3614 0.0667 

SOFA score 0.23890 0.10217 5.4676 0.0194* 

HD -0.29671 0.19309 2.3611 0.1244 

Constant -1.71489 1.73439 0.9776 0.3228 

HD-Hospital stay duration.* significant 

Table-4&5 shows  independent predictor of morbidity(requirement of vasopressor & ventilator respectively ). 

Of these variables, NT-proBNP is found to be an independent predictor of requirement of both vasopressor and 

ventilator, i.e, higher the NT-proBNP, higher is the chance of vasopressor and ventilator 

requirement(P=0.04&0.007 respectively). 

 

TABLE-4- Independent predictor of vasopressor requirement 
Variable Coefficient Std. Error Wald P 

AGE 0.0073861 0.021304 0.1202 0.7288 

Procalcitonin 0.013735 0.017863 0.5912 0.4420 

NT-proBNP 0.000062852 0.000030797 4.1650 0.0413* 

SOFA score 0.051687 0.071300 0.5255 0.4685 

HD -0.0030455 0.068910 0.001953 0.9647 

Constant -0.70688 1.18903 0.3534 0.5522 

HD-Hospital stay duration. *significant. 

 

TABLE-5- Independent predictor of ventilator requirement 
Variable Coefficient Std. Error Wald P 

AGE 0.0016435 0.022646 0.005267 0.9421 

Procalcitonin 0.0072738 0.017299 0.1768 0.6741 

NT-proBNP 0.000084132 0.000031377 7.1895 0.0073* 

SOFA score 0.15115 0.079245 3.6380 0.0565 

HD 0.0045327 0.074956 0.003657 0.9518 

Constant -2.00381 1.29293 2.4020 0.1212 

HD-Hospital stay duration. *significant 
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FIGURE-1-Mortality analysis- Receiver operating characteristic curve analysis for SOFA score. 

 
FIGURE-2 showing Kaplan-Meir curves for SOFA score<6(A) and SOFA score >6(B) 

 

IV. Discussion  
             This study was conducted to see whether SOFA score ,PCT  and  NT-pro BNP  are helpful in predicting 

the outcome i.e, mortality in patients admitted in intensive care units. A total of 56 subjects were included in the 

study.  In the study group 45% were diabetics, 40% were hypertensives, 10% had respiratory disease and others 

were 5%. The median age in sepsis group 50yrs which indicates most of the subjects were elderly and type 

2DM. Patients with type 2DM have an increased risk of developing infections and sepsis. In type 2DM both 

innate and adaptive immune system is suppressed. The production and release of essential effector molecules, 

such as ROS and cytokines, is significantly impaired leading to bacterial persistence and the development of 

sepsis.
16 

             Identification of subjects who are at risk of poor prognosis is done by SOFA score. Among the various 

scoring system SOFA score is considered to be simple method, which helps in identifying organ dysfunction in 
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critically ill patients. In our study we observed that PCT and  SOFA score were high in sepsis and non-survival 

group when compared to non-sepsis and survival group and we found that SOFA score  to be an independent 

predictor of mortality. This result is in concordance with study conducted by Acharya et al and Charan et al.
17,18 

             NT-proBNP levels at admission were significantly higher in nonsurvivors (median, 11941 pg/mL) 

compared with survivors group(median, 3853 pg/mL; p = 0.07).Most of the studies  showed correlation between 

mortality and NT-proBNP levels in ICU patients
.19,20,21

 and considered NT-proBNP as independent predictor of 

mortality and morbidity.
21

But in our study we observed that   NT-proBNP has shown to predict ventilator and 

vasopressor requirement (morbidity), but not mortality. Increased level of Pro-brain natriuretic peptide 

(ProBNP) is a consequence of cytokine production independent of myocardial dysfunction. Tumor necrosis 

factor-α and interleukin-β1 are important cytokines released during sepsis, which are associated with myocardial 

depression. These proinflammatory cytokines upregulate the BNP gene expression and secretion.
22,23,24,25

 

endotoxins secreted  mediate myocardial depression in septic shock by a mechanism that involves nitric oxide 

release. They also modulate BNP expression and secretion.
26,27

 endopeptidase required for degradation of pro-

BNP decreases its activity in septic shock rather than in sepsis. Finally, ProBNP clearance decreases because of 

renal dysfunction accompanying severe septic shock.
28,29

 

              The serum concentration of PCT correlates with the severity of inflammatory activation. In the present 

study though there is significant difference of PCT levels between sepsis and non sepsis patients also between 

survivors and non survivors, it could not predict either mortality or morbidity. Reasons for this might be due to 

small sample size and measurement at a single point of time. Procalcitonin clearance (PCTc) has been an 

important tool for monitoring the PCT levels during sepsis
30,31

. PCT clearance measures the relative changes in 

PCT to the baseline PCT and is postulated to be a better predictor of outcome. 

               The results of the present study suggest that SOFA score to be an independent predictor of mortality in 

the ICU and high score at the time of admission, significantly correlated with mortality
32,33

.  NT-proBNP and 

PCT could  predict ventilator and vasopressor requirement (morbidity), but not mortality. 

 

V. Conclusion: 
The mortality of ICU patients remains high despite various advancements in supportive care.  Hence utilization 

of SOFA score and biochemical markers like PCT and NT-proBNP levels may be useful in early identification 

of  high risk patients in ICU and thus  help  in enhancing  their outcome. 

 

LIMITATIONS OF THE STUDY:  Small sample size, single time measurement of  biochemical parameters 

and use of only single scoring system. 
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