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Abstract 

Background: Sepsis was regarded as a major global public health concern; it continues to be associated with a high 
death rate despite advancements in contemporary treatment. This research aims to evaluate the predictive effect of 
clinical scoring systems and biomarkers for sepsis patients in ED. 

Method: In accordance with PRISMA principles, we carried out this systematic review. We used the internet databases 
MEDLINE, Google Scholar, and EMBASE to conduct a thorough search of the literature. Articles written in English and 
released between 2015 and 2023 were involved in the search. Using predictors and ED, we first conducted a 
comprehensive search that included sepsis and infectious illnesses. 

Result: A total of 3029 patients from 7 publications—3 cohort, 2 observational, and 2 case control studies—were 
included in this study. The study by Song et al. in 2019 had the highest fatality rate (46.6%), while the study by Duplessis 
et al. in 2018 had the lowest mortality rate (6.4%). SIRS criteria, qSOFA score, International Sepsis Conference 2001, 
and American College of Chest Physicians Guidelines are the diagnostic criteria that are employed. AUC varied from 33.7 
(MMP9) to 0.89 (IL-6).  

Conclusion: AUC was increased significantly when CSSs were combined with IgE, presepsin, IL-6 and PCT. 
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1. Introduction

One of the main causes of in-hospital mortality is sepsis, a potentially fatal illness (1). Sepsis must be identified early in 
order to begin the right treatment on time (2). When a patient has a suspected infection, early-stage sepsis is frequently 
misdiagnosed, which delays treatment and raises mortality (3). Early sepsis identification in its early stages can occur 
at the ED, which is frequently the first setting to be attended by patients. Nonetheless, choices regarding patient 
disposition and treatment must be made within a specific time window in the ED. It's critical to identify ED patients who 
have a high risk of death in order to determine whether to admit them or not and to begin antibiotic treatment as soon 
as possible. 
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There is a significant chance of death when a pathogenic microorganism infection causes the SIRS crtiteria (4). It is well 
established that the primary pathophysiological process leading to sepsis development is immune system malfunction.  
According to the most recent version of the Sepsis-3 definition, sepsis is defined as “a potentially fatal organ dysfunction 
that results from a dysregulated host response to an infection” (5). In patients in the intensive care unit (ICU), this is 
indicated by a shift in sequential organ failure assessment (SOFA) scale of more than two points (6).  

Vital parameters are the foundation of clinical scoring systems (CSSs), which are frequently used to identify sepsis. For 
CSS to be effective in the ED and quickly determine the severity of a patient's condition, they should only require a 
minimal number of clinical criteria. A variety of CSS, such as MEDS (8) score and the Quick SOFA (7) score, have been 
approved for use in ED. This research aims to evaluate the biomarkers predictive value and CSSs for sepsis patients in 
the emergency department.  

2. Method 

The PRISMA criteria were followed in the conduct and reporting of this review. We used the internet databases 
MEDLINE, Google Scholar, and EMBASE to conduct a thorough literature search. Articles written in English and released 
between 2015 and 2023 were included in our search. Using predictors and ED, we first conducted a comprehensive 
search that included sepsis and infectious illnesses.  

In this review, we did not employ a certain definition of sepsis. The definition for sepsis has evolved over the years, and 
we wanted to be sure that our search strategy included any potentially helpful articles. Following the first search, 
reviewers went through the studies one by one, screening them based on their titles and abstracts. The outcomes were 
contrasted, and disagreements were settled through conversation. The whole text was used to screen the remaining 
papers based on criteria of inclusion. 

Articles that assessed at least one predictor or CSS in any infectious disease were included after abstract and abstract 
and title screening. Articles that examined at least one predictor in combination with another predictor or CSS and 
reported the prognostic value on in hospital mortality by AUC in sepsis patients were included during screening of full 
text. If the authors reported them, further measures of the examined prediction models were noted. We excluded studies 
on children or for which there was no English full text available. 

The study aim, design, predictors, AUC, population characteristics, CSS utilized, biomarkers, sepsis diagnostic criteria, 
mortality rate, key findings, and conclusion were all contained in the data that was extracted into specified Google sheets 
and Google forms. 

3. Result 

Seven publications totaling 3029 patients—three cohort, two observational, and two case control studies—were 
included in this review investigation (fig 1). The study by Song et al. in 2019 had the greatest 28-day mortality rate 
(46.6%), whereas the study by Duplessis et al. in 2018 had the lowest mortality rate (6.4%). SIRS criteria, qSOFA score, 
International Sepsis Conference 2001 (9) and Guidelines of the American College of Chest Physicians (Table 1) are 
among the diagnostic criteria that are employed. The following predictors were examined: presepsin, PCT, 
immunoglobulin E (IgE), Pentraxin 3 (PTX3), (Matrix Metalloproteinases 2) MMP2, TIMP1, TIMP2, MMP9, nucleosomes, 
and cell-free DNA (cfDNA). AUC varied from 0.89 (IL-6) to 33.7 (MMP9) (Table 1). 

In the same way as the CSSs APACHE II and MEDS, Presepsin facilitated outcome prediction at admission. The AUC rose 
to 0.878 when presepsin and MEDS score assessments were combined (10). When incorporated into a diagnostic 
prediction model that included APACHE II and PCT, both nucleosome and cfDNA concentrations showed a moderate 
ability to distinguish sepsis survivors and non-survivors and provided additive diagnostic predictive value in 
differentiating SIRS from sepsis (11). TIMP1 is a promising predictor in the setting of sepsis, according to a 2017 study 
by Nino et al (12). A rapid screening tool for the early detection of sepsis may be created by adding the ordinal scale of 
PCT value to the qSOFA score, which would significantly enhance the quick SOFA sensitivity (13). For septic shock (SS) 
and sepsis, IL-6 had better prognostic and diagnostic value than PCT and PTX3 (14). Higher IgE levels in sepsis patients 
were associated with a higher risk of death, and the prediction accuracy of severe sepsis and mortality was greatly 
improved when IgE levels and grading methods were combined (15) (Table 2). 
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Figure 1 PRISMA consort chart of study selection 
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Table 2 Characteristics of included studies  

Citation  Objective  Method  Population  Predictors  Sepsis 
diagnostic 
criteria  

AUC 28 days in 
hospital 
mortality ` 

Percentage 
of mortality 
(%)  

Henning 
et al., 
2019 

To ascertain if physicians' 
predictions of in-hospital 
mortality among ED 
patients exhibiting sepsis 
indications could be 
enhanced by the addition 
of indicators of endothelial 
activation and 
inflammation to 
unstructured physician 
judgment. 

Prospective, 
observational 
study 

Adult patients 
hospitalized to the ED 
who met two criteria of 
the SIRS, had organ 
dysfunction, a systolic 
blood pressure of less 
than 90 mm Hg, or had 
lactate levels greater 
than or equal to 4.0 
mmol/L. 

angiopoietin-
2 and IL-6  

SIRS 
criteria 

angiopoietin-2 
and IL-6 0.78 

31/314 9.8 

Yu et al., 
2019 

In order to determine 
whether improving the 
quick SOFA score's 
capacity to predict hospital 
mortality would involve 
adding either procalcitonin 
(PCT) or C reactive protein 
(CRP). 

Retrospective 
cohort study 

Adult patients who 
presented with 
symptoms suggestive of 
a systemic infection; 
within 24 hours of 
admission, PCT and 
blood culture tests were 
done. 

SIRS criteria 
and qSOFA 

qSOFA score 
and 

SIRS criteria 

SIRS Criteria 
0.56  

 

qSOFA score 
0.67 

qSOFA_PCT  

0.73  

178/1318 13.5 

Zhang et 
al., 2016 

In order to compare with 
traditional clinical risk 
factors of sepsis severity, 
investigate the significance 
of plasma IgE levels upon 
admission in the 
assessment of the 
prognosis and severity of 
septic patients in the ED. 

Prospective 
cohort study 

Individuals who have 
been diagnosed with 
sepsis, SS, SIRS, or 
severe sepsis based on 
the guidelines of the 
2001 International 
Conference Sepsis 
Definitions. 

IgE SIRS criteria IgE= 0.83 183/480 38.1 

Song et 
al., 2019  

Using the Sepsis-3 criteria, 
examine the prognostic 
and diagnostic values of 
PCT, IL-6, and PTX3 in ED 
sepsis patients. 

prospective 
controlled 
study 

Adult ED patients 
suffering from SS or 
sepsis 

IL-6, PTX3 
and PCT 

2 point or 
greater 
increase in 
SOFA score 

IL-6= 0.89,  

PTX3= 0.84 

PCT= 0.80 

13/28 46.6 
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Nino et al., 
2017 

To clarify the biological 
function and importance of 
inflammatory biomarkers 
and how they relate to 
sepsis patients' severity 
and mortality. 

prospective 
cohort study 

Septic patients in the 
ICU or ED who were at 
least eighteen years old. 

TEMP2, 
TEMP1, and 
MMP9  

International 
Sepsis 
Conference 
2001 (9) 

TEMP2 61.9 

TEMP1 68.8 

MMP9 33.7 

 

68/563 12 

Duplessis 
et al., 
2018 

To ascertain if apoptotic 
biomarkers provided 
independent 
categorization usefulness, 
the authors added PCT and 
APACHE II score to predict 
sepsis mortality in the ED. 

Case control 
study 

Individuals believed to 
have contracted an 
infection as a result of 
community-acquired 
sepsis in ED were 
prospectively included. 

cfDNA 0.61 

nucleosomes 
0.75 

APACHEII 
0.81 

≥ 2 SIRS  13/203 6.4 

carpio et 
al., 2015 

 

Authors examined the 
prognostic and diagnostic 
validity of Presepsin in 
patients suspicious of 
sepsis on admission in the 
ED 

Prospective 
observational 
study 

 

Patients were classified 
as having sepsis if they 
met at least two SIRS 
criteria, had a confirmed 
infection, or had strong 
suspicions based on 
obvious clinical 
symptoms. 

Presepsin Guidelines of 
the American 
Chest 
Physicians 
College (16) 

Presepsin 0.74 

Presepsin in 
combination 
with MEDS 
score 0.87 

24/123 19.5 
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Table 2 Main findings of the included studies  

Citation  Main finding Conclusion  

Henning et 
al., 2019 

Mortality rate in 28 days was 9.9%. Physician judgment 
and the best predictors model, which included IL-6 and 
angiopoietin-2, both performed mediocrely in mortality 
prediction. Performance was enhanced by combining 
biomarker models with physician judgment, which result 
in AUC change of 0.06 when compared to using physician 
opinion alone. 

By combining ED physician judgment with 
indicators of inflammation and 
endothelial activity, it may be possible to 
improve the prediction of mortality 
among sepsis patients with critical illness. 

Yu et al., 
2019 

Thirty-day death rate was 13.5%. Serum PCT levels and 
30-day inpatient mortality had a strong connection with 
the quick SOFA score. The AUC for quick SOFA with PCT 
was 0.73, for quick SOFA score in 30-day mortality 
prediction it was 0.67, and for SIRS criterion it was 0.56. 
A net reclassification improvement of 35% indicated the 
improvement in risk prediction. The sensitivity of the 
quick SOFA model increased to 86.5% by adding PCT. 
quick SOFA with PCT significantly increased the 
sensitivity to 90.9% in the validation cohort. 

The ordinal scale of PCT value might be 
added to the quick SOFA score as a 
straightforward change that would 
significantly enhance the unsatisfactory 
sensitivity issue and potentially act as a 
rapid screening tool for early sepsis 
detection. 

Zhang et 
al., 2016 

Higher IgE levels and higher scoring systems indicated 
that non-survivors were in a more severe critical state. 
IgE level was found to be an independent predictor of 
both severe sepsis mortality. IgE was a relevant criterion 
in the prognosis of severe sepsis and mortality, according 
to the AUC analysis. Crucially, out of all the parameters in 
this population, the AUC of IgE combination with MEDS 
performed for the most significant predictive capacity. 

Higher IgE levels in septic patients were 
associated with a higher risk of death, and 
the prediction accuracy of sepsis and 
mortality was greatly improved when IgE 
levels were combined with scoring 
systems. 

Song et al., 
2019 

Serum IL-6 levels were able to differentiate between 
sepsis and SS when compared to controls. Compared to 
the group with low IL-6, the group with high IL-6 had a 
significantly greater mortality. Among all patients, IL-6 
was an independent risk factor for 28-day death. Initial 
and follow-up PTX3 levels in patients with SS were 
consistently considerably greater in patients who died 
than in those who recovered. 

For sepsis and SS, IL-6 had better 
prognostic and diagnostic value than PCT 
and PTX3. 

Nino et al., 
2017 

More than twelve percent of research participants died in 
the ICU during the first 30 days of hospitalization. 
Survivors had a higher level of MMP9, the mean values 
for MMP2, TIMP1, and survivors had a loer level of 
TIMP2. Serum MMP9 was a confounding factor for the 
TIMP1 variable but was not statistically linked with 
mortality, according to multivariate logistic regression, 
which also revealed that SOFA, age, Charlson scores, and 
TIMP1 value were statistically connected with mortality. 

TIMP1 plasma levels represent a viable 
predictive biomarker. This study refutes 
TIMP1 and MMP9's predictive usefulness. 

Duplessis 
et al., 2018 

The AUC values of mortality prediction models utilizing 
cfDNA, APACHEII were 0.61 and 0.81, respectively. The 
AUC increased to 0.84 when a model that included 
nucleosomes and the APACHE II score was included. The 
AUC values of the diagnostic models that used PCT, 
nucleosomes (T0), or cfDNA (T0) to differentiate the 
sepsis from SIRS were 0.64,0.63, and 0.65, respectively. 
The AUC for the three-parameter model was 0.74. 

When incorporated into a diagnostic 
model that included APACHE II and PCT, 
both nucleosome and cfDNA 
concentrations showed a moderate ability 
to diagnose and predict sepsis. 

carpio et 
al., 2015 

The sick group's and control group's mean presepsin 
concentrations significantly differ. Presepsin 

Predicting the sepsis mortality at 
admission was made possible by 
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demonstrated a substantial correlation with mortality, 
ranging from 10.3% in the first to 32.1% in the fourth 
quartile, and varied between sepsis, SIRS,  severe sepsis, 
and SS. The AUC rose to 0.878 when presepsin and MEDS 
score assessments were combined, indicating a strong 
correlation with the outcome.  

presepsin to the same extent as clinical 
ratings APACHE II and MEDS. Predictive 
power for sepsis mortality was increased 
when presepsin and MEDS score were 
combined. 

4. Discussion 

In the ED, biomarkers and CSSs aid in the early sepsis identification by doctors. In order to predict sepsis mortality ED, 
we looked into the combinations of predictors and CSSs in this review. We located seven distinct papers that examined 
seven different combinations of clinical grading system and biomarkers. 

AUC varied from 33.7 (MMP9) to 0.89 (IL-6). Serum PTX3 and IL-6 levels effectively detect sepsis severity with ideal 
cut-off values, according to Song et al.'s 2019 study (14). When compared to PCT, CRP and PTX3, IL-6 had greater 
prognostic and diagnostic value. Regarding the diagnostic use of biomarkers including PTX3, IL-6, PCT, CRP and 
presepsin, a number of earlier investigations have produced contradictory findings (17–19). In comparison to 
presepsin, CRP and PCT, another investigation found that serum IL-6 levels had the best diagnostic value for SS (20). 
These findings concur with the 2019 study by Song et al. (14), which found that IL-6 had a better diagnostic value for 
sepsis than CRP, PTX3, and PCT. 

As per the findings of the Carpio et al. (2015) study (10), presepsin facilitated the early prediction of mortality and 
unfavorable outcome at the time of admission, as demonstrated by ROC analysis. Moreover, presepsin values varied 
between non-survivors and survivors over the course of the disease, indicating that presepsin might be useful for 
tracking treatment interventions. 

Nucleosomes and cfDNA, two byproducts of the apoptotic cascade with biological functions, approved to be helpful 
indicators of sepsis (21). These biomarkers tilt the delicate balance within numerous pathways and their 
counterregulatory cascades, modulate endothelium homeostasis, and are intricately related within the interdependent 
innate and adaptive immunity (22). The predictive accuracy of cfDNA to predict sepsis-mediated death was moderate 
in the Duplessis et al., 2018 study (11), but it is similar to that described in the literature for participants who were not 
admitted to the ICU (23, 24). 

In order to use a novel pairing of biomarkers and CSSs in practice, the predictors needs to be made available as a basic 
laboratory test in the laboratory. Furthermore, given the brief duration of patients' stays in the ED, the CSS ought to 
only require a small number of factors. Only a few papers in our analysis fulfilled those requirements. Yu et al.'s (13) 
investigation of the quick SOFA and PCT combination demonstrated that the quick SOFA score performed better when 
PCT was added. With just three essential characteristics, the quick SOFA score is proven to be effective in identifying 
poor outcomes in sepsis patients early on. It becomes feasible to use this combination in the ED when added to with 
PCT, a biomarker that is already available as a regular measurement in many EDs. 

Three studies (11, 13, 14) that used PCT in conjunction with a different biomarker or CCSs were located. In infectious 
disorders, PCT has been investigated as a predictor for sepsis severity. PCT is naturally synthesized by thyroid cells and 
is the precursor of calcitonin. It is frequently described as the biomarker that has the greatest ability to take the place 
of or substitute CRP (25). 

In the research by Duplessis et al., nucleosome and cfDNA are examined as indicators of sepsis severity since they 
represent cellular death (11). The authors of this study demonstrate how improving the APACHE-2 score with 
nucleosomes increased the AUC for mortality prediction. The APACHE-2 did not improve with the addition of cfDNA. 
These findings highlight the potential utility of biomarkers derived from distinct pathways in sepsis as indicators of the 
illness severity. 

Abbreviations 

 ED; emergency department 
 SIRS; systemic inflammatory response syndrome  
 MEDS; Mortality in Emergency Department Sepsis 
 AUC; area under the curve 
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5. Conclusion  

The papers included in this review were too varied to draw a firm conclusion about which combination of factors should 
be employed in the ED to predict sepsis patients' mortality. AUC was increased significantly when IgE, presepsin, IL-6 
and PCT were combined with CSSs. 
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