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Abstract

Background: Sepsis remains a critical global health issue, contributing to up to 20% of all-cause
deaths worldwide, especially within hospital settings. The complexity of sepsis, along with its
progression to septic shock, necessitates effective screening and predictive tools for early
identification and management.

Objective: This review evaluates the efficacy and utility of various screening and predictive tools
used in sepsis and septic shock, including the Sequential Organ Failure Assessment (SOFA) score,
quick SOFA (gSOFA) score, modified SOFA (mSOFA), and the Shock Index (SI).

Methods: We conducted a comprehensive review of current literature on these tools' performance
in predicting mortality and assessing severity in sepsis. Key studies were analyzed to compare their
sensitivity, specificity, and practical application in different clinical settings.

Results: The SOFA score, assessing six organ systems, has demonstrated high accuracy in
predicting mortality and organ failure, with changes of 2 or more points indicating sepsis syndrome.
The qSOFA score, while useful for rapid identification outside ICU settings, has shown variable
sensitivity in diagnosing sepsis and predicting mortality. The SI and mSI have proven valuable in
assessing shock severity and predicting hospital admission and mortality. Recent advances include
the Phoenix Sepsis Criteria, which offer improved performance in pediatric sepsis identification.
Conclusion: Effective management of sepsis and septic shock relies on integrating multiple
screening tools with continuous monitoring of organ functions. While the SOFA score remains a
robust tool for assessing acute morbidity, the qSOFA, SI, and mSI scores provide additional
insights for rapid triage and severity assessment. Future developments in sepsis criteria, such as the
Phoenix Sepsis Criteria, hold promise for enhancing diagnostic accuracy and patient outcomes.

Keywords: Sepsis, septic shock, SOFA score, gSOFA score, Shock Index, modified SOFA score,
Phoenix Sepsis Criteria
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Introduction

Sepsis, a life-threatening organ dysfunction resulting from a dysregulated response to infection,
remains a global health priority, contributing to up to 20% of all-cause deaths worldwide,
particularly in hospital settings [1,2]. The rising incidence and mortality rates of sepsis are
attributed to an aging population, the prevalence of invasive medical procedures, and widespread
antibiotic resistance [3].

Septic shock, a severe form of sepsis, is defined by the need for vasopressor therapy to maintain a
mean arterial pressure (MAP) of at least 65 mmHg and a serum lactate level greater than 18 mg/dL
after adequate fluid resuscitation [4]. The Sequential Organ Failure Assessment (SOFA) score, used
to define sepsis, evaluates six organ systems—respiratory, cardiovascular, neurological, hepatic,
hematological, and renal—each scored from 0 to 4, yielding a total score of 0 to 24. The SOFA
score can be easily calculated at the bedside without computer software [4,5].

A modified SOFA (mSOFA) score, which substitutes SpO2 for PaO2 and uses the SpO2/FiO02
ratio, may offer similar or improved accuracy in predicting mortality in septic patients [6]. The
quick SOFA (gSOFA) score, which includes systolic blood pressure (SBP) <100 mmHg, altered
mental status (GCS <15), and respiratory rate >22 breaths per minute, is used for rapid
identification of infection, particularly outside the ICU. A gSOFA score of 2 or higher is strongly
associated with increased mortality in non-ICU patients [8].

The shock index (Sl), calculated by dividing heart rate (HR) by SBP, is another tool used to assess
shock severity, correlating well with the need for hospital or ICU admission, mechanical
ventilation, and blood transfusions. However, SlI's limitations include its exclusion of diastolic
blood pressure (DBP), a valuable indicator of shock severity, and concerns about its applicability
across all age groups, particularly in older patients [9-11].

This review emphasizes the significance and utility of these screening and predictive tools in
assessing sepsis and septic shock, aiming to improve early recognition and contribute to the
development of a more precise definition of sepsis.

Review

Pathophysiology Of Sepsis

Sepsis is a complex condition where pathogenic antigens interact with the body's immune response,
disrupting normal homeostasis and causing dysfunctions in cellular, humoral, circulatory, and
metabolic systems [12, 13].

Infection

Septic shock begins with an infection that triggers both proinflammatory and anti-inflammatory
host responses. These responses can either help eliminate the infection and promote tissue repair or
cause organ damage and increase susceptibility to further infections. The response varies based on
the pathogen's type, load, and virulence, as well as the patient's genetic and health background,
affecting local, regional, and systemic levels [14].

Innate and Adaptive Immune Responses

The innate immune system, comprising cells like neutrophils, natural killer cells, and macrophages,
directly combats pathogens and activates the adaptive immune system for targeted responses. It
recognizes pathogen-associated molecular patterns (PAMPs) and damage-associated molecular
patterns (DAMPSs) via pattern recognition receptors such as toll-like receptors (TLRs). This
recognition triggers metabolic pathways that lead to the formation of the inflammasome, which in
turn stimulates the release of pro-inflammatory cytokines like IL-13, TNF-a, and IL-6. Excessive
inflammasome activity can cause a "cytokine storm™ [15].

In the adaptive immune system, activated CD4+ T cells differentiate into T-helper (Th) subsets
(Th1, Th2, Th17). Thl cells aid in memory T cell expansion, CD8+ T cell activation, and microbial
elimination, while Th2 cells promote B lymphocyte differentiation and inflammation resolution.
Disruptions in the Th1/Th2 balance in sepsis can lead to complications such as persistent
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inflammation, immunosuppression, and catabolism syndrome (PICS), characterized by T-cell
exhaustion, reduced HLA-DR expression, and increased immune checkpoint molecules, leading to
secondary infections and multiple organ dysfunction syndrome (MODS) [16].

Endothelial Dysfunction

Endothelial cells play a critical role in containing bacterial infections. Damage to these cells impairs
their ability to release vasodilators and respond to vasoconstrictors, leading to white blood cell and
platelet aggregation, and nitric oxide signaling disruption. Sepsis triggers neutrophil recruitment
and the release of reactive oxygen species and coagulation-derived proteases, further damaging the
endothelium and disrupting microcirculatory blood flow, contributing to organ damage and
potential failure [17]. The glycocalyx, essential for vascular barrier function and anti-inflammatory
defenses, is particularly vulnerable in sepsis, with its degradation leading to edema and organ
failure, especially in the kidneys and lungs [18].

Metabolic Derangement

Sepsis-induced mitochondrial dysfunction occurs through several mechanisms, including the
inhibition of the electron transport chain and oxidative stress, leading to reduced cellular energy
production and contributing to organ dysfunction. This dysfunction can exacerbate conditions like
liver failure, acute kidney injury, and myocardial depression. Sepsis also alters macronutrient
metabolism, increasing glycolysis and lipolysis, but impairing the utilization of these nutrients,
which can result in the accumulation of toxic byproducts [19].

Coagulopathy

In sepsis, blood clotting is disrupted, involving platelets and neutrophils. Activated platelets interact
with leukocytes and neutrophils, producing neutrophil extracellular traps (NETSs), which, although
protective, can lead to excessive coagulation and thrombus formation. Endothelial damage from
bacterial toxins further promotes coagulation by upregulating tissue factor and activating the
extrinsic coagulation pathway, leading to thrombin generation and platelet activation, which
contribute to the formation of blood clots [20].

Tools for Evaluation of Sepsis

Sepsis is a complex clinical syndrome marked by multiorgan failure due to the body’s exaggerated
response to infections. On the other hand, septic shock is characterized by a severe drop in blood
pressure and abnormal lab findings such as high lactate levels despite sufficient fluid resuscitation
[21]. Patients with sepsis present with a wide range of symptoms, including general fatigue, fever,
tachycardia, tachypnea, confusion, and reduced urine output. Some may exhibit skin mottling and
prolonged capillary refill times. Diagnostic markers for sepsis include elevated lactate levels, white
blood cell counts, and increased plasma C-reactive protein or procalcitonin levels [22]. Given the
diverse symptoms and lab results, various tools like SI, MSI, SOFA, gSOFA, and mSOFA are
utilized to improve the triaging process and risk stratification, aiding in the early identification of
critically ill patients to enhance outcomes through early goal-directed therapy [23].

Shock Index (SI)

The Shock Index (SI) is crucial for the early detection and evaluation of critical illness in
emergency settings and for monitoring resuscitation progress. Research by Rady et al. indicated that
an Sl of 0.9 or higher predicts a higher priority for treatment in the emergency department (ED) and
a greater likelihood of hospital admission and intensive care, compared to relying on pulse or blood
pressure alone [24]. Another cohort study of 58,336 adults revealed that SI values between 0.5 and
0.7 were associated with lower admission likelihood and inpatient mortality, while SI >1.2 was
nearly 12 times more likely to result in admission compared to standard Sl. In a separate study of
295 patients with severe sepsis, those with a sustained SI >0.8 had a 38.6% chance of needing
vasopressors within 72 hours, compared to 11.6% for those without sustained high Sl levels [25,26].
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Sl has also been evaluated for predicting hemodynamic response to volume expansion, with a study
showing that patients with a central venous pressure (CVP) >8 mmHg and SI <1 were unlikely to
respond to volume expansion, while those with SI >1 were more likely to be fluid-responsive [27].
Additionally, Berger et al. found that SI >0.7 was as effective as SIRS in predicting hyperlactatemia
and 28-day mortality, with SI >1.0 being the most specific predictor [24]. Jouffroy’s study of 114
septic shock patients indicated that an SI >0.9 can predict increased mortality risk in prehospital
settings [28].

Modified Shock Index (mSl)

The modified Shock Index (mSI), which includes heart rate (HR), systolic blood pressure (SBP),
and diastolic blood pressure (DBP) by dividing HR by mean arterial pressure (MAP), provides a
more comprehensive assessment of stroke volume and systemic vascular resistance [27].
Jayaprakash et al. found that mSI >1.3 was associated with a higher risk of myocardial dysfunction
and ICU mortality [29]. Althunayyan et al. reported that mSI >1 was sensitive in predicting ICU
admission, shock, and mortality, while mSI >1.3 was linked to sepsis, hyperlactemia, ICU
admission, and 28-day mortality with a specificity range of 59-100% [23]. Zhang et al. found that
pre-vasopressor SI, mSl, and diastolic SI (dSI) were significantly associated with three-day
mortality in septic shock patients [30].

SOFA score

The SOFA score is a tool used to assess acute morbidity in critical illness and has been validated in
various settings. A change in SOFA score of 2 or more is indicative of sepsis syndrome [31].
Innocenti et al. found that the SOFA score was higher in septic patients with adverse outcomes
regarding 28-day mortality and ICU admission [32]. Khwannimit et al. demonstrated the SOFA
score’s accuracy in predicting hospital mortality with an AUC of 0.880 and its utility in predicting
30-day mortality and multiple organ failures [33]. Peng et al. showed that SOFA had greater
sensitivity and specificity for predicting septic shock compared to gSOFA and SIRS [34].

gSOFA score

The gSOFA score, which includes components like SBP <100 mmHg, altered mental status (GCS
<15), and RR >22 breaths per minute, is used to identify sepsis and septic shock but has limitations
in sensitivity. Wani et al. found that gSOFA had poor sensitivity for diagnosing sepsis and
predicting 28-day mortality [35]. Maitra et al. noted qSOFA’s poor sensitivity in predicting in-
hospital mortality for suspected infection patients [36]. In contrast, Baig et al. found that gSOFA
had high sensitivity and specificity in predicting mortality in severe sepsis and septic shock patients
[37].

As sepsis management has evolved, integrating SOFA and qSOFA with continuous monitoring of
specific organ functions is crucial. Monitoring cardiovascular, respiratory, renal, and hepatic
functions is essential for detecting and managing sepsis-related complications and guiding targeted
interventions. The Phoenix Sepsis Criteria, developed by the Society of Critical Care Medicine
(SCCM), assess multiple organ systems and have shown better performance in identifying pediatric
sepsis and septic shock compared to other criteria [38,39].

MSOFA

The Modified Sequential Organ Failure Assessment (MSOFA) score is a clinical tool designed to
assess organ dysfunction in critically ill patients, particularly in resource-limited settings such as
during a mass influx of patients in a disaster or pandemic. This score simplifies the traditional
Sequential Organ Failure Assessment (SOFA) score by requiring only one laboratory measurement,
making it more practical for emergency use. The MSOFA score evaluates five organ systems—
respiratory, cardiovascular, central nervous system, renal, and liver—on a scale from 0 to 4, with a
maximum score of 19, whereas the SOFA score assesses six organ systems with a maximum score
of 24. Notably, the MSOFA replaces some laboratory measurements with clinical assessments; for
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instance, it uses the Sp0O2/FIO2 ratio instead of the PaO2/FIO2 ratio and evaluates liver function
through clinical signs of jaundice rather than relying on bilirubin levels. Studies have demonstrated
that the MSOFA score can predict mortality and the need for mechanical ventilation as effectively
as the SOFA score, thereby serving as a valuable tool for triage in critical care environments. The
development and validation of the MSOFA score have been documented in research, highlighting
its effectiveness and ease of implementation in challenging situations (40).

Conclusion

In conclusion, the accurate and timely assessment of sepsis and septic shock remains pivotal in
improving patient outcomes and reducing mortality. The use of various screening tools such as the
SOFA, gSOFA, and Sl scores provides valuable insights into the severity and progression of sepsis,
each with its strengths and limitations. While SOFA remains a robust tool for assessing organ
dysfunction and predicting mortality, qSOFA offers a rapid assessment approach, especially outside
the ICU. The SI and mSI provide additional context for evaluating shock severity and guiding
resuscitation efforts. Integrating these tools with continuous monitoring and advancements in
criteria, such as the Phoenix Sepsis Criteria, enhances our ability to identify and manage sepsis
effectively. Continued research and refinement of these tools are essential for optimizing early
detection and treatment strategies, ultimately improving patient outcomes in sepsis care.
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