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ABSTRACT
Sepsis is a critical, life-threatening condition that demands precise prediction to mitigate adverse outcomes. 

The heterogeneity of sepsis leads to variable prognoses, making early and accurate identification increasingly 
difficult. Despite ongoing advancements, no single gold standard has emerged for sepsis prediction. Current 
research explores a range of prognostic tools, from traditional scoring systems and biomarkers to cutting-edge 
omics technologies and artificial intelligence. These tools can differ significantly across patient populations 
and clinical settings, such as the emergency department (ED) and intensive care unit (ICU). This review aims 
to critically evaluate the development and application of outcome prediction modalities in sepsis and other 
infectious diseases, highlighting the progress made and identifying areas for further research.
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INTRODUCTION
Sepsis is a life-threatening condition of 

organ dysfunction due to dysregulation of 
immune system response against infection.1 
This life-threatening condition needs to be 
predicted to prevent further deterioration. Delay 
in the recognition can lead to septic shock and 
eventually death. Furthermore, sepsis shows 
heterogeneous signs and symptoms which may 
lead to various outcomes, thus, identifying which 
patient with a high risk of poor progression is 
essential.2 The recognition of poor outcomes 
leads to improvement in patient care, including 
fluid resuscitation, use of antibiotics, source 
control, and more aggressive treatment to 
increase patient outcomes.3,4 

Numerous predictors have been debated 
for predicting the mortality of patients with 
infection. Some predictors solely rely on rapid 

bedside parameters, suitable for emergency 
department settings, while others involve more 
complex laboratory procedures. Some perform 
excellently in predicting short-term mortality, 
while others are best suited for long-term 
mortality. Thus, each predictor has its advantages 
and disadvantages based on its settings.5,6 Other 
than timely identification, predictors also need to 
exhibit high accuracy, which is challenging given 
the heterogeneity of septic patients. The objective 
of this review is to discuss the development of 
different outcome prediction tools used in septic 
patients.

DEVELOPMENT OF SEPSIS DEFINITION
The definition of sepsis is critical for 

assessing the impact of infection on organ 
dysfunction and stratifying patients based on 
their risk of mortality. Furthermore, definition 
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is essential for advancing our understanding of 
sepsis pathogenesis, which contributes to the 
development of precision medicine and targeted 
therapies. 

In the first consensus achieved in 1991, 
sepsis was defined as documented or suspected 
infection with Systemic Inflammatory Response 
Syndrome (SIRS) criteria. Severe sepsis 
was defined as sepsis accompanied by organ 
dysfunction, hypoperfusion, or hypotension, 
and septic shock was defined as sepsis with 
fluid/vasopressor-resistant hypotension and 
hypoperfusion.7 These definitions were found 
to be unspecific and can also be observed 
in noninfectious conditions, such as burns, 
pancreatitis, and others, which led to the revision 
of sepsis definition in 2003.8 In Sepsis-2, the 
definition of sepsis developed and included SIRS 
with addition of some variables that represent 
inflammatory, hemodynamic, and signs of organ 
dysfunction, while severe sepsis and septic shock 
definitions were unchanged. Organ dysfunction 
was evaluated using Marshal or Sequential Organ 
Failure Score (SOFA) score.8 

Later in 2014, SIRS was found to be unspecific 
and unable to indicate dysregulated host 
response nor showed a life-threatening condition. 
Sepsis-3 defines sepsis as life-threatening organ 
dysfunction caused by a dysregulated host 
response to infection, with a SOFA score of 2 or 
more indicating organ dysfunction. When sepsis 
progresses to septic shock, it is characterized by 
lactate levels exceeding 2 mmol/L and the need 
for vasopressors to maintain a mean arterial 
pressure above 65 mmHg, despite adequate fluid 
resuscitation.1

CONCEPT OUTCOME PREDICTION IN 
SEPSIS

Sepsis-3 mentioned the role of dysregulated 
immune system response in the pathogenesis of 
sepsis.9 The infection will cause inflammation 
and further complicate immunological 
balance disruption of inflammations and 
anti-inflammation pathways, thus further 
dysregulating immune responses and eventually 
causing organ dysfunction (Figure 2).10–12

3 

Figure 1. Development of sepsis definitions

Figure 2. Pathway of infection
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When an infection occurs, pathogen-
associated molecular patterns (PAMPs) will 
be recognized by the specific receptors (e.g., 
Toll-Like Receptors). This will activate the 
transcription genes that have opposite activity. 
Both proinflammatory and anti-inflammatory 
mediators are upregulated, followed by 
inflammatory and immunosuppression 
processes which may happen concurrently.13 
Expression of early activation gene will 
increase proinflammatory cytokine, complement 
system, and coagulation factor. However, 
the dysregulated immune response causing 
excess immune system response also disrupts 
innate and adaptive immunity, hence, causing 
immunosuppression by extensive apoptosis 
of lymphocytes, decreased proinflammatory 
cytokines,  reduced antigen-presenting 
capacity, decreased adhesion marker, enhanced 
proliferation of Treg and T cell anergy or 
exhaustion, and decreased antibody production. 
This subsequent condition is responsible for the 
protracted immunosuppression. The net of which 
hyperresponsiveness or hyporesponsiveness 
immunological phenotype state remains 
individualized.12 Factors that determine the 

dysregulated immune condition include the 
endotype of patients, genetic predisposition of 
the host, phenotype, and clinical manifestation 
or response of the host during systemic 
inflammation.12,14,15

Hyperinflammation (cytokine storm) states 
usually result in acute organ failure and early 
mortality from sepsis. However, persistent 
immunosuppression generally causes secondary 
infection, inflammation, or organ dysfunction, 
resulting in late mortality (Figure 2).14,16,17 
These concepts influence sepsis research using 
patient-centered mortality rates. Most studies 
define short-term mortality rates as 14, 28, or 30 
days and long-term mortality rates as 90 days, 6 
months, 1 year, and 3 years.18

OUTCOME PREDICTION TOOLS

Numerous modalities have been used to 
predict mortality in sepsis, such as SIRS, quick 
Sequential Organ Failure Score (qSOFA) or 
SOFA, Early Warning Score (EWS), lactate, 
procalcitonin, and others (Supplementary Table 
1-3). This article will discuss these modalities in 
predicting septic patient outcomes. 

Figure 3. Concept of proinflammatory and anti-inflammatory response in sepsis
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SIRS
SIRS is a term introduced by the American 

College of Chest Physicians and the Society of 
Critical Care Medicine (ACCP/SCCM) in 1991 
to define a systemic inflammatory response 
associated with patients’ clinical conditions. 
In Sepsis-1 and Sepsis-2, SIRS combined 
with infectious processes define sepsis.7 The 
sensitivity and specificity of SIRS in predicting 
mortality are 0.82 (95% CI:0.78-0.85) and 0.24 
(95% CI:0.19-0.29), respectively.19 Although 
it is sensitive, SIRS is unspecific, which leads 
to patient overdiagnosis. SIRS discrimination 
of hospital mortality in septic patients was 
significantly lower than SOFA.1  In addition, 
research found that proportions of patients with 
sepsis who did not have two or more SIRS 
criteria, and the SIRS criterion is not equivalent 
to the risk of organ dysfunction.20 Moreover, 
SIRS is observed in non-infectious conditions, 
such as burns, pancreatitis, etc.

SOFA
The European Society of Intensive Care 

Medicine (ESICM) and the SCCM replaced 
SIRS with SOFA scores for prognostication 
of mortality in 2016. This happened because 
a study found that SOFA’s predictive validity 
was superior to that of SIRS.10 It was initially 
named as the sequential organ failure assessment 
score for ICU patients but then renamed as 
sepsis-related organ failure assessment due to 
its ability to predict mortality in septic patients. 
The SOFA parameter accounts for systems with 
organ dysfunction. 

The initial SOFA score on admission is an 
excellent prognostic tool. In addition, serial daily 
SOFA score evaluation correlates with patient 
mortality, as shown by both the serial mean score 
and the highest SOFA score.21,22 The predictive 
validity (AUROC) of SOFA in predicting in-
hospital mortality in patients with sepsis was 
0.74-0.78.1 Large cohorts of ICU and non-ICU 
settings for diagnosis of sepsis have validated 
SOFA scores and showed great performance 
ability in the ICU population.1,23 

One issue is the unequal weighting of 
its components, meaning that each organ 
dysfunction does not contribute equally to the 
overall score. Research has shown the occurrence 

of organ dysfunction varies in association with 
mortality, suggesting some organ failures may 
have a stronger impact on predicting outcomes 
than the others.24–26 This disparity can affect 
the accuracy of the SOFA score in assessing 
sepsis severity and predicting patient prognosis. 
Due to its several biomarker requirements, 
the SOFA score is not accessible in peripheral 
clinics or hospitals. A modified SOFA score 
(mSOFA) provides a feasible alternative for 
general practical settings as a triage.27 The other 
shortcoming of the SOFA score is that it cannot 
differentiate between presenting organ failure 
due to sepsis or underlying disease, e.g., high 
creatinine level in underlying chronic kidney 
disease or high bilirubin in obstructive icteric 
patients.

qSOFA
The SCCM (2016) mentioned qSOFA for 

the quick and rapid stratification of patients 
with suspected sepsis, as a more accessible tool 
compared to SOFA. This tool comprises three 
components, i.e., blood pressure for detecting 
hemodynamic organ failure, respiratory rate for 
detecting host response as in SIRS, and Glasgow 
Coma Scale (GCS) under 15 for detecting organ 
failure.

One study reported that qSOFA has the 
specificity and sensitivity of 0.82 (95% CI: 
0.76-0.86) and 0.46 (95% CI:0.39-0.53) in 
predicting mortality of suspected septic patients, 
respectively.19 The study showed that qSOFA is 
more specific but less sensitive than SIRS for 
early identification of organ dysfunction; hence, 
it cannot screen septic patients in prehospital 
or emergency settings.28–33 This limits the 
ability of qSOFA as a single screening tool for 
the timely identification of high-risk patients 
with infection. A meta-analysis comparing the 
qSOFA, SIRS, and NEWS also showed that none 
of the scoring systems has equal high sensitivity 
and specificity.19 The SCC 2021 guideline was 
against the use of qSOFA as a single predictor 
of sepsis outcome.3

Early Warning Score
EWS is a simple aggregate scoring system that 

contains physiological measurements consisting 
of rapid quantitative measurements of changes 
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in vital signs. These are excellent prediction 
tools for short-term mortality outcomes (24 or 
48 hours), suitable in emergency settings since 
they can predict the outcome of 6 to 24 hours in 
advance by looking through the changes in vital 
signs.34,35  There are several EWS score, such as 
the National Early Warning Score (NEWS) and 
its update NEWS2, Modified Early Warning 
Score (MEWS), Rapid Acute Physiology Score 
(RAPS), Rapid Emergency Medicine Score 
(REMS), and Simple Early Warning Score 
(SEWS).36–38 NEWS2, the updated version 
of NEWS, aims to increase the specificity of 
patients with type 2 respiratory failure. Among 
the scores, NEWS/NEWS2 was the most accurate 
predictor, with NEWS sensitivity of 74% and 
specificity of 96% for short-term mortality,38 
with other measurements also having equal 
accuracy in predicting short-term mortality, but 
not for long-term 30-day mortality.39 One study 
reported that the area under the curve (AUC) of 
NEWS/NEWS2 was 0.90 for predicting 24-hour 
mortality.40,41 It is comparable to qSOFA and 
SIRS in predicting mortality and ICU transfer 
in patients with suspected infection or septic 
patients.41–43

Procalcitonin
More than 250 biomarkers have been 

identified, especially for sepsis and sepsis-
like syndrome.44 Procalcitonin (PCT) is a 
biomarker for presenting bacterial infection. Its 
level correlated with the severity of infection 
and sepsis. PCT is a prohormone precursor of 
calcitonin. It is produced by almost all organs and 
macrophages in response to bacterial infections 
and can decrease rapidly during recovery.3,44 
Some non-infectious conditions contribute to the 
elevation of procalcitonin, that might confound 
procalcitonin levels, such as trauma, surgery, 
burn, cardiogenic shock, autoimmune, and severe 
liver disease.45 

The role of procalcitonin as a predictor 
tool of mortality remains controversial. Serial 
increase of PCT levels on serial examination 
is associated with unresolved or progressive 
infection. An elevated level of PCT was found 
to be associated with a higher risk of mortality 
with pooled relative risk (RR) of 2.60 (95% 
CI, 2.05-3.30), sensitivity of 0.76 (95% CI, 

0.67-0.82), and specificity of 0.64 (95% CI, 
0.52-0.74).46 In addition, the persistent elevated 
PCT levels also showed a prognostic value with 
sensitivity and specificity for predicting mortality 
in septic patients of 0.72 (95% CI, 0.58-0.82) 
and 0.77 (95% CI, 0.55-0.90), respectively.46 

On the contrary, another study showed that 
procalcitonin has a poor predictor of mortality, 
with an AUC of 0.45 (95% CI, 0.36-0.54).47 
Therefore, procalcitonin should not be used as a 
single predictor for assessing mortality in septic 
patients. 

Lactate
Serum lactate is a biomarker of systemic 

hypoperfusion or tissue hypoxia. Tissue hypoxia 
causes overproduction of lactate through 
anaerobic glycolysis. Lactate clearance mainly 
involves the liver and kidney, which are affected 
by septic shock as part of organ dysfunction. 
However, lactate is also found to be increased in 
other conditions such as dehydration, bleeding, 
heart failure, liver failure, and lactic acidosis.47 
Studies have shown that elevated lactate levels 
at admission predict sepsis mortality, with a 
sensitivity of 52.4% for 3-day mortality and 51% 
for 28-day mortality, and specificity of 91.4% 
and 75%, respectively.48,49 A study comparing 
lactate serum level, SOFA score, and qSOFA 
found lactate as an independent prognostic 
predictor of mortality in patients with sepsis 
and has a superior discriminative power than 
qSOFA, similar to SOFA. However, the timing 
of lactate compared to SOFA and qSOFA was 
inconsistent.50 Lactate clearance has also been 
found to be useful in predicting mortality.51 

M O L E C U L A R  M A R K E R  I N  S E P S I S 
PROGNOSIS

Cytokine
Cytokines have been studied for the 

diagnosis and prognosis of sepsis. Among the 
proinflammatory cytokines, Interleukin-6 (IL-
6) and Tumor Necrosis Factor-α (TNF-α) are 
the most frequently studied, while IL-10 is the 
most frequently studied for the anti-inflammatory 
cytokine.

IL-6 is an early-phase proinflammatory factor 
that induces multiple cells to synthesize and secrete 
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acute-phase proteins. During infection, IL-6 leads 
to the production and activation of neutrophils, 
proliferation, and differentiation of B and T-cells, 
and immunoglobulin production. Elevated IL-6 
in the acute phase plays a role in early diagnosis 
of sepsis.52 Its levels correlate with the worsening 
of organ dysfunction, especially in the early 
stages.53 Some studies have identified IL-6 as a 
risk factor for 28-day mortality in septic patients, 
while others found no significant correlation.52,54,55 
However, its level can also be elevated in 
minor infections, remain high post-infection, 
and increases in non-infectious inflammatory 
conditions, such as trauma, tumorigenesis, or 
surgical interventions. TNF-α is another key 
proinflammatory mediator in sepsis. A meta-
analysis found that TNF-α levels were associated 
with increased 28-day mortality in sepsis patients. 
However, the subgroup analyses did not show a 
relationship with the sepsis severity.56 In contrast, 
IL-10, an anti-inflammatory cytokine, suppresses 
proinflammatory cytokines like IL-6 and TNF-α. 
IL-10 limits the severity of the immune response 
but can lead to immunosuppression and poor 
outcomes; however, studies on IL-10 are still 
limited.57–59

Some research combines cytokine and 
scoring systems. For instance, a study by Xie 
et al.60 combined IL-6, PCT, and lactate levels 
to predict 28-day mortality in sepsis patients. 
Studies using the ratio of proinflammatory 
to anti-inflammatory cytokines (IL-10/IL-6 
ratio) have also found correlations with patient 
mortality in sepsis.61 

Omics Technique
In the last decade, various omics techniques 

have been developed for the molecular study 
of sepsis, including genomics, transcriptomics, 
proteomics, and metabolomics (Supplementary 
Table 2).62 

Genomics requires large datasets from 
recombinant DNA methods, DNA sequencing, 
and bioinformatics to analyze the genome. 
Genetic polymorphisms occur regularly (>1%) 
with two or more alleles on a chromosome. Single 
nucleotide polymorphisms (SNPs) are the most 
common type of genetic polymorphism. Several 
SNPs are associated with sepsis prognosis, such 
as CTLA-4 genetic variants. Mewes et al.63 

found that SNPs of the CTLA-4 gene can predict 
28-day and 90-day survival in sepsis patients. 
Genomic studies also use epigenetics. Various 
studies on microRNAs have been conducted, 
yielding different results. Studies have identified 
miR-27a and miR-451a have mortality prediction 
roles while other microRNAs such as miR-126 
and miR-21 microRNAs have poor prognostic 
value.64–67 A study by Wang et al.68 combined 
seven microRNAs—miR-223, miR-15a, miR-
16, miR-122, miR-193, and miR-483-5p—and 
found an AUC of 0.95, higher than APACHE, 
SOFA, and procalcitonin in predicting mortality. 
Further research is needed on the use of 
genomic techniques, particularly concerning the 
pathogenesis and heterogeneity of sepsis, with 
data and samples having broader characteristics.

Transcriptomic biomarkers examine gene 
expression. Davenport et al.69 aimed to identify 
interindividual variations in the transcriptome of 
sepsis patients and correlate these with patient 
outcomes. The study performed a transcriptomic 
analysis, identifying two groups, termed Sepsis 
Response Signatures (SRS1 and SRS2). The 
sepsis SRS1 group identified immunosuppressive 
phenotype with higher 14-day mortality.69 Future 
studies could focus on specific patient groups 
and clinical trials to benefit subsets of patients 
through immunomodulatory therapy.

Proteomic signatures are associated with 
patient outcomes in sepsis. Proteomic signatures 
improve the accuracy of sepsis diagnosis 
compared to traditional biomarkers, such as 
C-reactive protein (CRP) and PCT. They can 
identify specific panels of proteins related to 
organ dysfunction. Proteomics is also expected 
to aid precision medicine by identifying dynamic 
changes in protein expression associated with 
high mortality rates.62 Sanmartin et al.70 analyzed 
plasma proteins in sepsis patients, identifying 
117 proteins, nine were associated with organ 
dysfunction and 22 were linked to patient 
mortality. However, larger multicenter studies 
are needed to further elucidate these proteins’ 
role in the pathogenesis of sepsis.

Metabolomic biomarkers assess metabolites 
and their relationship with pathophysiological 
changes, particularly alterations in anabolism 
and metabolic consumption of the organism. 
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Jones et al .71 found that patients with 
14,15-dihydroxyeicosatrienoic acid (DHET), 
a breakdown product of cell membranes by 
endothelial cytochrome P450 epoxygenase, were 
associated with organ dysfunction and 28-day 
mortality in patients with sepsis.71

THE ROLE OF ENDOTYPE 
Dysregulated immune response of septic 

patients differs individually. This heterogeneous 
condition makes the prediction and treatment of 
sepsis challenging. Studies are now attempting to 
examine patient endotypic factors for prognostic 
and therapeutic purposes. Genomic studies 
have been shown to identify septic patients 
subclass to address its heterogeneity.69 Endotype 
studies refer to the differentiation of patient 
subgroups based on gene expression techniques 
or immunological profiles. Patient endotypes 
can be classified using various methods, such as 
gene expression analysis and protein biomarker 
profiling, which are associated with the risk of 
clinical outcomes.

Study from Baghela et al.72 classified 
sepsis into 5 endotypes based on their gene 
expression. These endotypes are correlated with 
the prediction of the 28-day mortality outcome 
of sepsis patients both in the ED and ICU. This 
method had an AUC of 85%, sensitivity of 
68%, and specificity of 70%. It was found that 
differences in endotype gene expression are 
correlated with the severity of organ dysfunction 
based on its SOFA score.72 Another study 
from Chenoweth G. J. et al.74 classified four 
subtypes of sepsis relevant in stratifying high 
mortality groups. A group with low mortality 
exhibited molecular markers indicating a 
functional adaptive immune response. In 
contrast, the three high-mortality groups showed 
more severe clinical manifestations, often 
associated with multiple organ dysfunction. 
The immunosuppressed group demonstrated 
signs of an impaired immune response, the 
acute-inflammation group was characterized 
by molecular markers related to the innate 
immune response, and the immunometabolic 
group was defined by metabolic processes 
such as heme biosynthesis. This study result 
aligns with other studies showing mortality 

prediction using endotypes.75,76 All of the 
studies showed reduced mortality and less 
severe clinical manifestation in endotype with 
immunocompetent adaptive immune response. 
While the endotype having altered adaptive 
immune response and coagulopathic showed 
increased mortality.

The role of endotype in outcome prediction 
showed benefits in predicting mortality of 
heterogeneous septic patients. It is a promising 
precision medicine approach for individualized 
outcome prediction and intervention. 

OUTCOME PREDICTION IN SPECIAL 
POPULATION

Elderly
Studies have developed tools to predict 

mortality in this group of populations 
(Supplementary Table 3). Sepsis mortality 
increases correlated to age;75 hence, early 
identification of high-risk patients in this group 
may improve their prognosis. The diverse clinical 
manifestation of atypical signs of this population 
may hinder its identification.77 

Modification of qSOFA, the geriatric-
quickSOFA, is proposed due to the incapability 
of assessing GCS as an alteration of mental status 
in this subset group, particularly in elderly people 
with pre-existing cognitive disorders. Geriatric-
qSOFA includes the presence of delirium instead 
of abnormal GCS. It was shown to predict short-
term mortality risk for elderly patients with 
sepsis.78 Frailty Index (FI) is another tool that is 
also used for elderly patients. Frailty is a condition 
of multisystem physiological reserve decline and 
inability to maintain homeostasis associated with 
accumulated age-related deficits.79,80 The FI is 
characterized by three or more of the following 
criteria: unintentional weight loss (10 lbs in the 
past year), self-reported exhaustion, weakness 
(grip strength), slow walking velocity, and low 
physical activity.81 It is a significant predictor 
of mortality for both in-hospital and 3-month 
mortality in elderly patients with sepsis.79,80,82

Malignancy
Many patients with malignancy have fulfilled 

SIRS criteria without existing infection. Thus, 
it was found that SOFA was more sensitive 
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and accurate than SIRS in predicting ICU 
and hospital mortality in cancer patients with 
suspected infection.83,84 Performance status (PS) 
score reflects cancer patients’ functional ability. 
PS showed a mortality predictive value in cancer 
patients, including patients with sepsis.85–87

Immunocompromised
Patients who are immunocompromised, 

including patients with the use of high-dose 
steroids, organ transplants, and HIV/AIDS, are 
more prone to develop sepsis. This population 
will also benefit from the early identification 
and prompt treatment of sepsis. However, the 
recognition of sepsis is more intricate due to the 
altered immune response. Studies on outcome 
predictions in these populations are still limited. 
In the study of septic patients using high-dose 
steroids, NEWS was found to be better than 
qSOFA in predicting short-term mortality.88 
In patients with allogeneic hematopoietic cell 
transplant, NEWS also outperformed qSOFA 
and SIRS in short-term mortality prediction.89 
While in HIV patients, proinflammatory cytokine 
biomarkers like IL-6 and IL-10 are associated 
with predicting mortality in septic patients.90

THE USE OF MULTIPLE PREDICTOR
None of the scoring systems that are easy to 

perform in the emergency department, such as 
qSOFA, SIRS, and NEWS, demonstrated both 
high sensitivity and specificity. Many studies 
tried to combine predictors to enhance the 
sensitivity and specificity in predicting mortality 
for septic patients. 

QSOFA-Lactate
Studies have found that the use of qSOFA 

combined with lactate will increase its 
performance. It only requires simple bedside 
lactate testing. It is a promising prognostic tool 
for hospitals with limited resources.91 Lactate-
qSOFA (LqSOFA) studies showed an increased 
AUROC, while the sensitivity and specificity 
differed between studies. Studies indicating 
increased sensitivity resulted in decreased 
specificity, whereas those showing increased 
specificity demonstrated the opposite effect.92 
The combined LqSOFA prognostic accuracy 
was significantly higher than SIRS and qSOFA 

alone.91,93,94 However, the confounding factors 
of lactate are still applied to this modality. The 
lactate cut-off and timing of lactate measurement 
also influence its predictive performance. Lastly, 
the use of venous lactate point-of-care compared 
to arterial lactate is still debatable.92

NEWS-Lactate
A study showed the use of NEWS with 

lactate also improves its predicting ability of 
septic patients for 24-hour, 28-hour, and 48-hour 
mortality, and ICU admission. In this study, the 
addition of lactate increases the sensitivity of 
NEWS in early mortality prediction.95 However, 
the size of the study was still limited. To date, the 
study of NEWS-L in septic patients is still limited. 

Future clinical studies that combine predictors 
to increase prognostic ability performance may 
be beneficial. 

ROLE OF MACHINE-LEARNING MODEL
In recent years, machine-learning algorithms 

have been developed (Supplementary Table 
3). This model needs a large subject with big 
data to develop create and validate models. 
Machine learning builds a predictive model for 
outcome prediction. Variable that predictive 
models used are diverse, such as patients’ 
demographics, clinical manifestation, vital 
signs, hematology parameters, renal function, 
electrolyte, enzyme, albumin, liver function, 
bilirubin, lipids, protein gene expression, and 
others.96 Studies found that machine learning to 
be superior to conventional scoring systems in 
predicting sepsis mortality.97–99 It showed good 
sensitivity and specificity in predicting septic 
patient mortality.96,100,101 However, further studies 
and more extensive datasets are needed for the 
validation of machine-learning models to be 
adopted in real hospital settings.102 

PROGNOSTIC TOOLS IN PRECISION 
MEDICINE

All septic patients should receive standard 
sepsis therapy, including the one-hour bundle 
protocol, which is essential for management. 
Despite this, sepsis mortality rates remain high. 
Precision medicine addresses the heterogeneity 
of sepsis by providing personalized treatment 
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options based on individual characteristics, 
such as genetic profiles, biomarkers, and omics 
data. This approach enables the identification of 
factors associated with high mortality risks and 
allows for targeted therapies, particularly for 
those unresponsive to conventional treatments. 
For example, septic patients with a high mortality 
risk due to immunoparalysis endotype, specific 
hemodynamic phenotypes, or hypercytokinemia, 
could benefit from interventions such as 
immunoadjuvants, customized resuscitation, 
and cytokine hemoadsorption. These tailored 
approaches help manage the individual variations 
in disease manifestation.103–106

CONCLUSION
Sepsis is a heterogeneous condition with 

disparities and different outcomes. Early 
identification of this life-threatening condition 
is beneficial. The NEWS/NEWS2, SOFA, 
SIRS, SOFA, and other scoring systems 
provide valuable insights into patient status and 
prognosis, though their effectiveness can vary 
depending on patient demographics and specific 
conditions. Biomarkers like procalcitonin and 
lactate, alongside advanced techniques, such as 
omics and genotyping, offer additional layers 
of precision in sepsis management. Emerging 
technologies, particularly artificial intelligence, 
hold great potential for enhancing predictive 
accuracy and personalized treatment. However, 
to fully integrate these advanced methods into 
clinical practice, further large-scale studies and 
data validations are essential to fully integrate 
these advanced methods into clinical practice.
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