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Abstract: The assessment of neurological prognosis in patients after return of spontaneous circulation (ROSC) following cardiopulmonary
resuscitation (CPR) is a critical challenge in critical care medicine. Current prognostic tools (eg, clinical scales, imaging, or traditional
biomarkers) have limitations in early accuracy and specificity, leading to uncertainties in treatment decision-making and prognostic
communication. Presepsin (soluble CD14 subtype), an emerging inflammation- and infection-related biomarker, has gained increasing
attention due to its potential association with post-CPR neurological injury and functional recovery. To address the lack of a systematic
synthesis of evidence in this field, this narrative review aims to summarize the biological characteristics of presepsin, its role in neurological
prognostic assessment post-CPR, and the underlying mechanisms linking presepsin to neuroinflammation and brain injury. We conducted a
narrative synthesis of clinical studies retrieved from PubMed, Embase, and Cochrane Library up to (December 2025, focusing on studies
correlating presepsin levels with validated neurological outcome scales. Core findings from synthesized evidence indicate that elevated
presepsin levels, particularly within 24—72 hours after return of ROSC, show a consistent and significant association with poor neurological
outcome (Cerebral Performance Category (CPC) 3—5) and higher mortality, and presepsin may serve as an independent prognostic factor
complementary to existing tools. Major clinical implications include presepsin’s potential utility in multimodal prognostic protocols, aiding
in early and more accurate outcome prediction. However, significant research gaps persist, including a lack of large-scale, multicenter
validation studies, standardized measurement timepoints, and consensus on optimal cutoff values. In conclusion, current evidence supports
presepsin as a promising inflammatory biomarker for neurological prognostication after cardiac arrest (CA). Future research must prioritize
prospective validation in diverse cohorts and investigate its dynamic changes to establish its definitive role in clinical decision-making.
Keywords: presepsin, cardiopulmonary resuscitation, neurological function, prognostic assessment, inflammatory marker

Introduction

Neurological dysfunction is the leading cause of long-term morbidity, disability, and mortality in patients who survive CA and
successful CPR.! Globally, over 340,000 out-of-hospital cardiac arrests (OHCAs) occur annually in the United States alone,
with only 10% of patients surviving to discharge—and among survivors, 15-25% suffer permanent neurological impairment
that compromises their quality of life and functional independence.” Traditional methods of neurological function assess-
ment, such as neuroimaging and clinical functional scoring, have certain reference value but often have limitations, especially
in the early stages. Biomarkers have emerged as complementary tools to overcome these limitations, as they can objectively
reflect the extent of brain injury and systemic pathophysiological responses. Historically, neuron-specific enolase (NSE) and
S100 calcium-binding protein B (S100B) have been the most widely studied neurological biomarkers post-CA, but their
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sensitivity and specificity remain limited, and false negative or false positive results may occur in different situations.* Other
systemic markers, such as procalcitonin (PCT) and C-reactive protein (CRP), primarily reflect infection or general inflamma-
tion but do not specifically link to neurological injury mechanisms.® Troponin, while useful for cardiac injury assessment, has
no direct correlation with brain recovery.® These limitations highlight the urgent need for a sensitive, specific, and mechan-
istically relevant biomarker to improve neurological prognostication post-CPR.

A core pathophysiological driver of post-CA neurological injury is global ischemia-reperfusion injury (IRI), which
activates innate immunity by releasing damage-associated molecular patterns (DAMPs) that bind to TLR4 on
monocytes.” Presepsin, a soluble fragment of CD14 (sCD14-ST) first identified for sepsis diagnosis, is specifically
released upon monocyte activation, directly reflecting this inflammatory cascade.® As a biomarker of interest in recent
years, it can reflect the body’s inflammatory response, and studies have shown it is associated with various acute brain
injuries, especially in post-CPR patients. According to a systematic review, presepsin plays an important role in
predicting neurological outcomes after CA, with its levels closely related to neurological recovery.” Research has
found that changes in presepsin levels at different time points are significantly correlated with clinical outcomes, laying
the foundation for its application post-CPR.” "

Notably, major guidelines such as the 2021/2023 European Resuscitation Council (ERC) Guidelines and 2020/2023
American Heart Association (AHA) Guidelines for post-cardiac arrest care do not yet recommend presepsin for routine
neurological prognostication, citing inconsistent thresholds and limited comparative data with existing markers.'*'* This gap
together with the need to clarify presepsin’s mechanistic link to neuroinflammation, warrants further exploration of its utility.

In summary, presepsin, as a potential biomarker reflecting monocyte activation and IRI-induced inflammation, may
provide important reference for the neurological prognosis of post-CPR patients. This review aims to synthesize recent
evidence on presepsin’s performance relative to traditional biomarkers, clarify its pathophysiological relevance to
neurological injury, and evaluate its potential for integration into clinical practice. Future research will further explore
presepsin’s application post-CPR brain function assessment and prognostic value, aiming to provide new ideas for
improving post-CPR patient management and outcomes.

Biological Characteristics and Detection Methods of Presepsin

Molecular Structure, Source, and Physiological Function of Presepsin

Presepsin, also known as sCD14-ST, is an important biological marker primarily released by monocytes during infection
and inflammatory states. Its molecular structure is a soluble fragment of the CD14 receptor, which has unique biological
functions. CD14 is a pattern recognition receptor capable of recognizing bacterial lipopolysaccharides (LPS) and other
pathogen-associated molecular patterns (PAMPs), thereby initiating the immune response of the body.'*'> During an
infection, monocytes release presepsin through the phagocytosis of neutrophil extracellular traps (NETs), making
presepsin an important indicator of the body’s immune response.'®

Changes in the concentration of presepsin can sensitively reflect the body’s immune response and inflammation
levels. Studies have shown that the levels of presepsin are significantly elevated in infected patients, particularly in cases
of sepsis and severe infections.'” For example, in one study, when the concentration of presepsin exceeded 350 pg/mL,
the sensitivity for diagnosing sepsis reached 80.2%, with even higher sensitivity for predicting 28-day mortality.'®
Additionally, the concentration of presepsin is not only related to the severity of sepsis but is also closely linked to the
patient’s pathological state and clinical outcomes, demonstrating its potential value in clinical applications.'’

In vivo, the primary sources of presepsin are M1 macrophages in organs such as the lungs, liver, and kidneys, which
significantly increase the production of presepsin during infection.'® Due to its sensitive response to bacterial infections,
presepsin is widely used in the early diagnosis and assessment of various infections in clinical settings.”® Furthermore,
presepsin has shown unique application potential under different infection conditions, such as neonatal sepsis, acute
pancreatitis, and surgical site infections.”! Notably, recent studies have indicated that presepsin is not only involved in
systemic inflammation but also closely associated with neurological injury. Its elevation can amplify the release of pro-
inflammatory cytokines (eg, IL-6, TNF-o) that disrupt the blood-brain barrier and induce neuronal apoptosis, laying
a pathological foundation for its role in post-CPR neurological prognostication.??
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In summary, presepsin, as an emerging biological marker, plays an important role in the early diagnosis of infections
and provides new means for evaluating inflammatory responses and prognostic judgments in clinical practice. In the
future, with deeper research on presepsin, it is expected to find broader applications in various clinical scenarios.

Detection Technologies and Current Clinical Applications of Presepsin

Presepsin (sCD14-ST), as an emerging biological marker, is mainly detected through immunoassay methods, particularly
enzyme-linked immunosorbent assay (ELISA) and chemiluminescent immunoassay (CLIA). These detection methods are
widely used in clinical practice due to their rapidity and high accuracy, especially in the diagnosis of infectious diseases and
sepsis. According to existing studies, the detection of presepsin can identify infections at an early stage, and its sensitivity and
specificity are superior to traditional biological markers, such as CRP and PCT, in patients with liver disease.”* Research has
shown significant correlations between presepsin levels and the severity of infections as well as clinical scores (such as SOFA
and APACHE II scores), making presepsin a powerful tool for assessing infection risk and prognosis.

Presepsin has demonstrated broad clinical application potential in the diagnosis and prognostic evaluation of
infectious diseases and sepsis. In a study involving patients with liver cirrhosis, it was found that presepsin outperformed
traditional markers in the early detection of sepsis, particularly in patients with impaired liver function, maintaining its
diagnostic value.”® Furthermore, presepsin has been used to monitor the occurrence of postoperative infections, such as
in studies following esophagectomy, where levels of presepsin significantly increased in patients with anastomotic leaks,
indicating its potential as an early infection indicator.”* In children and neonates, presepsin has also been shown to have
good sensitivity and specificity in the early diagnosis of sepsis, especially when combined with other biomarkers (such as
PCT and CRP), improving diagnostic accuracy.”> Notably, variability between detection platforms remains a non-
negligible issue: ELISA offers lower cost but longer turnaround time (4—6 hours), while point-of-care (POC) systems
enable rapid detection (30 minutes) but exhibit higher batch-to-batch variability (coefficient of variation [CV]: 8-12% vs
5-7% for ELISA) and are more susceptible to interference from hemolysis or lipidemia.*®*” This inconsistency may
affect the comparability of results across studies and clinical institutions.

In conclusion, as a novel biological marker, the advancements in detection technology and widespread clinical
applications of presepsin demonstrate its significant value in the early diagnosis and prognostic evaluation of infectious
diseases and sepsis. Future research should continue to explore its application potential in various clinical scenarios.

Comparison of Presepsin with Other Inflammatory Markers

In recent years, presepsin has garnered attention as an emerging inflammatory marker for its performance in early
diagnosis and dynamic monitoring. Traditional inflammatory markers, such as CRP and PCT, while widely used in
clinical applications, still exhibit shortcomings in sensitivity and specificity in certain cases. For instance, CRP levels
typically do not rise significantly until 24 hours post-infection, while PCT elevation may be influenced by non-infectious
factors such as surgery or trauma.”®

In contrast, presepsin’s superiority lies in its ability to rise significantly in the early stages of infection. Studies have
shown that presepsin, as a soluble fragment of CD14, increases rapidly following bacterial infection, providing more
timely diagnostic information in the early stages of infection.”” In a study involving patients with acute cholecystitis,
presepsin was found to effectively differentiate between infected and non-infected states, with diagnostic accuracy
significantly higher than that of CRP and PCT.*°

Moreover, presepsin also outperforms traditional markers in dynamic monitoring. In a study of heart transplant
recipients, presepsin levels could significantly increase in the early postoperative period, reflecting the occurrence of
infection, while CRP and PCT showed significant changes only after a longer duration post-infection.’' This early
responsiveness makes presepsin an important tool for monitoring infection progression and treatment effectiveness.

In comparison with other markers, presepsin also demonstrates good performance in specificity and sensitivity. For
example, in a study involving COVID-19 patients, presepsin’s predictive capability ranked among the top of various
inflammatory markers, indicating its significant value in assessing disease severity and prognosis. Additionally, when used
in combination with CRP and PCT, Presepsin can enhance diagnostic accuracy for infectious diseases, especially in complex
clinical situations where multiple inflammatory states coexist.>> However, presepsin exhibits notable limitations: its specificity
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is low in non-infectious inflammatory states (eg, sterile ischemia-reperfusion injury, postoperative aseptic inflammation),
often leading to false-positive elevations that may mislead the judgment of neurological injury etiology post-CPR.*
Furthermore, its prognostic accuracy for pure neuronal damage is generally lower than that of neuro-specific biomarkers
such as NSE and S100p.

In summary, presepsin’s superior performance in early diagnosis and dynamic monitoring marks it as a significant
advancement in the field of inflammatory markers. Although traditional markers still hold important clinical application
value, Presepsin’s unique advantages are gradually being recognized by the medical community, providing more precise
tools for infection diagnosis and management in clinical practice. Future research should continue to explore the potential
applications of Presepsin in different diseases and clinical contexts to promote its widespread use in clinical practice.

Supplementary Notes on Presepsin Detection Methods and Key Considerations
Presepsin (sCD14-ST) relies primarily on immunoassay techniques for serum detection, with ELISA and CLIA as the core
methods, which are characterized by high sensitivity and specificity to effectively detect low concentrations of the marker in
serum.”* Studies have shown that presepsin levels are significantly elevated in patients with sepsis, and measurements at
different time points suggest that presepsin levels could serve as an early diagnostic indicator for sepsis.>> Notably, presepsin
detection may help differentiate between bacterial and fungal infections, providing significant clinical guidance for treatment.

It is worth noting that renal dysfunction is a key confounder for presepsin detection, as presepsin is primarily excreted by the
kidneys, and patients with acute or chronic kidney injury post-CA may present with falsely elevated levels independent of
infection or neurological injury.*® This requires clinicians to integrate renal function assessment when interpreting presepsin
results.

Overall, CLIA has become the preferred method for presepsin detection due to its high sensitivity, short detection time, and
good specificity, demonstrating its potential value in clinical applications. With ongoing technological advancements, more
improved detection methods may emerge in the future, providing clinicians with more accurate and efficient diagnostic tools.

Pathological Mechanisms of Brain Nerve Function Damage After CPR

Ischemia-Reperfusion Injury and Neuronal Death

Ischemia-reperfusion injury is a common pathological process following CPR, particularly affecting brain tissue. After
CPR, brain tissue undergoes severe ischemia, followed by reperfusion, which triggers a series of pathophysiological
reactions, including oxidative stress and apoptosis. These reactions not only cause direct damage to nerve cells but also
exacerbate functional impairments in brain tissue following ischemia. In ischemic conditions, brain cells suffer from
a lack of oxygen and nutrients, leading to impaired energy metabolism, compromised cell membrane integrity, and
ultimately triggering cell death. After reperfusion, the sudden restoration of oxygen generates a substantial amount of
reactive oxygen species (ROS), which further damages cells, leading to apoptosis and necrosis.>’**

Neuronal damage is considered the core pathological basis for brain dysfunction. Studies have shown that ischemia-
reperfusion injury induces various mechanisms of cell death, including programmed cell death (such as apoptosis,
necrosis, and autophagy).*>** For example, following ischemia-reperfusion, intracellular calcium ion concentrations
significantly increase, activating multiple apoptotic signaling pathways, ultimately leading to neuronal death.*!
Additionally, extracellular inflammatory factors can exacerbate this process, further deteriorating the survival environ-
ment for nerve cells and creating a vicious cycle.

During ischemia-reperfusion, researchers have identified a new form of cell death—PANoptosis, which involves
a complex process of apoptosis, necrosis, and inflammatory cell death.*? This pattern may play a significant role in
neuronal ischemia-reperfusion injury, suggesting the need for in-depth research into different types of cell death
mechanisms to find more effective treatment strategies.

Opverall, ischemia-reperfusion injury following CPR is one of the primary causes of neuronal death. Understanding
the pathological mechanisms involved in this process can provide new directions for clinical intervention. Future
research should focus on the interactions between different cell death pathways and the potential role of targeted
therapies in reducing neuronal damage.
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The Role of Inflammatory Response in Brain Injury

In the pathological process of brain injury, the inflammatory response plays a crucial role. Following brain injury, the
release of inflammatory mediators not only disrupts the blood-brain barrier but also exacerbates neuroinflammation.
Research indicates that the initial stage of brain injury is accompanied by the release of numerous inflammatory factors,
which activate local immune cells, forming a “cytokine storm.” For instance, in acute brain injury patients, elevated
cytokine levels in cerebrospinal fluid correlate with poor neurological function, suggesting that the inflammatory
response may be a key factor in the prognosis of brain injury.*® Additionally, inflammatory cytokines such as IL-1p
and IL-6 are considered primary mediators of secondary injury, as they activate endogenous glial cells and exogenous
immune cells, further aggravating neuronal damage.***> Notably, presepsin, as a downstream product of CD14/TLR4
activation during ischemia-reperfusion injury, directly amplifies this inflammatory cascade: it promotes monocytes/
macrophages to secrete more 1L-6, TNF-a, and IL-1B, which downregulate the expression of tight junction proteins
(eg, occludin, claudin-5) in the blood-brain barrier, increasing its permeability.*® This allows peripheral inflammatory
cells and harmful substances to infiltrate brain tissue, directly inducing neuronal apoptosis and exacerbating
neuroinflammation.*’

An important mechanism of the inflammatory response involves the activation of immune cells and their responses to
neuronal injury. Studies have shown that the activation of microglia and macrophages significantly increases after brain
injury, and the inflammatory mediators produced by these cells, such as tumor necrosis factor a (TNF-a) and interleukins
(IL), lead to apoptosis and oxidative stress, thereby exacerbating neuronal damage.*® In ischemic brain injury models,
therapeutic strategies targeting these inflammatory factors have been shown to improve neurological function and reduce
mortality, such as alleviating the inflammatory response and cell death by inhibiting NLRP3 inflammasome activation.'?

Moreover, following brain injury, the disruption of the blood-brain barrier allows peripheral immune cells to enter
brain tissue, further exacerbating inflammation. The infiltration of peripheral immune cells is considered an important
mechanism leading to secondary brain injury. Studies have found that the migration of peripheral immune cells is closely
related to the inflammatory response after CPR, and the activation state of these cells is significantly correlated with
patient prognosis.**® Therefore, the inflammatory response is not only a result of brain injury but also an important
factor affecting the prognosis of brain injury.

In summary, the role of the inflammatory response in brain injury is complex and multifaceted, encompassing both
protective effects against damage and exacerbating effects on the injury. Future research could focus on how to
effectively regulate the inflammatory response to improve neurological functional prognosis after brain injury, exploring
new therapeutic targets and strategies to provide more effective interventions for clinical practice.

The Balance Between Immune Regulation and Neural Repair

After CPR, the relationship between the patient’s immune response and neural repair becomes particularly complex.
Specifically, the immune response can, to some extent, protect the body from infection and further damage, but it may
also lead to tissue damage and functional impairment. Moreover, patients often experience a series of physiological and
biochemical changes, including activation of inflammation. This inflammatory response is a natural reaction of the body
to ischemia-reperfusion injury, which may initially have a protective effect but can cause secondary damage to the
nervous system if it lasts too long or is too intense.”’

The damaging effects of the immune response mainly manifest in the release of inflammatory mediators and the
excessive production of cytokines. These inflammatory factors can affect the function of nerve cells through various
mechanisms, leading to apoptosis, neuronal damage, and functional impairment. Additionally, the inflammatory response
may trigger the disruption of the blood-brain barrier, allowing harmful substances to enter the central nervous system,
further exacerbating neural injury. In this case, dysregulation of the immune response can lead to poor neurological
functional prognosis for patients and increase the risk of neurological complications.”

However, the immune response is not entirely negative. Under appropriate circumstances, the immune system can
also promote neural repair. Studies have shown that certain immune cells, such as macrophages and T cells, can play
a role in repair after neural injury. These cells help restore damaged neural function by releasing neurotrophic factors and
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promoting regeneration and repair processes.’> For example, macrophages can transform into a repair-functional
phenotype after injury, releasing a variety of cytokines to promote neuronal survival and regeneration. Therefore, the
immune system plays an important role not only in the occurrence of neural injury after CPR but also in the process of
neural repair.>*

Clinically, patients after CPR often face the challenge of balancing the immune response and neural repair. How to
modulate this balance to reduce damage and promote repair is key to improving prognosis. Researchers are exploring
various strategies, such as using immunomodulators, anti-inflammatory drugs, or cell therapies, in hopes of achieving this
balance in early interventions after CPR.>> Through these interventions, it is possible to reduce the inflammatory
response and enhance the ability for neural repair, thereby improving the neurological functional prognosis of patients.
In summary, the immune response plays a dual role in the process of neural injury and repair after CPR. Presepsin may
serve as a “switch” reflecting the balance of this immune response—moderate elevation indicates effective activation of
the protective immune response, while excessive and persistent elevation suggests uncontrolled inflammation that hinders
neural repair.’®>’ Understanding its complex interrelationship can provide new ideas and directions for clinical treatment.
Future research focusing on the balance between immune regulation and neural repair, as well as how to utilize this

balance to improve patient prognosis, will be an important area of study.

Research Progress of Presepsin in Neurological Functional Prognosis After CPR
Current Status of Clinical Research and Data Analysis

In recent years, research on presepsin as a biomarker for neurological functional prognosis in patients after CPR has
gradually gained attention. Some studies have indicated a possible negative correlation between plasma presepsin levels
in patients after CPR and neurological functional scores. This suggests that higher presepsin levels may correlate with
lower neurological functional scores, indicating its potential as an important indicator for assessing neurological
functional prognosis after CPR. Researchers have monitored plasma presepsin levels at different time points after CPR
and found that it can significantly increase in the early stages post-resuscitation, closely related to the patients’
neurological recovery.’

Specifically, some studies have utilized neurological functional scores such as CPC to assess patient prognosis and
explored the relationship between presepsin levels and neurological functional scores through statistical analysis
methods.>® Results showed a significant negative correlation between the elevation of presepsin levels and the decrease
of CPC scores within 24 hours post-CPR.? This finding provides new insights and evidence for clinicians in assessing
patient prognosis after CPR, helping them identify potentially high-risk patients earlier.

Moreover, the elevation of presepsin levels is not only associated with poor neurological prognosis but is also closely
related to increased mortality in patients. In a large-scale prospective study, researchers observed that presepsin levels in
surviving patients after CPR were significantly lower than in those who unfortunately died, further emphasizing the
importance of Presepsin in clinical applications.>* However, Some studies have raised critical concerns about its clinical
utility. One study involving 277 OHCA patients reported that presepsin’s area under the curve (AUC) for predicting 12-
month poor neurological outcomes (CPC 3-5) was only 0.72, significantly lower than that of PCT (0.76).>® Another
unresolved issue is the lack of standardized cut-off values, making cross-study comparisons and clinical translation
difficult.*’

Through a comprehensive analysis of existing research data, it can be seen that presepsin can serve as a predictive
indicator of neurological functional prognosis after CPR and may play an important role in the early identification of
high-risk patients and guiding clinical decision-making. However, current studies still have certain limitations, such as
small sample sizes and insufficiently rigorous study designs. Therefore, future research should further validate the
clinical application value of presepsin on a large scale and in multi-center studies, as well as explore its applicability in
different patient populations. Additionally, further investigation into the biological mechanisms of presepsin is needed to
better understand its role in neurological functional prognosis after CPR.
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Advantages of Presepsin as an Early Prognostic Indicator

In patients after CPR, prognosis assessment is a critical clinical decision-making process. Presepsin, as an emerging
biomarker, has gained attention for its rapid detection and early reflection of inflammatory states. Presepsin is a precursor
of soluble CD14 subtype, and its concentration significantly increases in infection states, with detection that can be
completed in a short time, making it advantageous in clinical settings. For instance, one study pointed out that Presepsin
demonstrated high sensitivity and specificity in diagnosing acute biliary infections, with an AUC reaching 0.823,
showcasing its potential for prognostic assessment in severe infections.®' Additionally, the short detection time of
presepsin can quickly provide essential information to medical personnel during clinical emergencies, allowing timely
adjustments to treatment plans and improving patient survival chances.®?

When combined with traditional neurological functional assessment tools, presepsin can significantly enhance the
accuracy of prognostic judgments. Traditional indicators such as CRP and PCT have certain applications in inflammation
assessment, but their response times are relatively long and may be affected by other factors in some cases.®® In contrast,
presepsin not only reflects systemic inflammatory responses but can also be used in conjunction with other scoring
systems (such as SOFA scores) to further improve prognostic judgment accuracy. One study showed that combining
presepsin with SOFA scores significantly improved predictive capability for 28-day mortality, with an AUC value
reaching 0.747, indicating its important role in clinical evaluation.®*

In summary, the advantages of presepsin as an early prognostic indicator lie in its rapid detection, ability to early
reflect inflammatory states, and enhanced accuracy when used in combination with traditional neurological functional
assessments. These characteristics demonstrate presepsin’s immense potential in managing patients after CPR, particu-
larly in assessing neurological functional prognosis, providing a more reliable basis for clinical decision-making. Future
research should continue to explore the application of presepsin in different patient populations, evaluating its effective-
ness and reliability in specific clinical contexts to further promote its widespread use in clinical practice.

Combined Application of Presepsin and Other Neurological Injury Biomarkers

In monitoring patients after CPR, prognostic assessment is a crucial aspect. In recent years, Presepsin has been widely
studied as an emerging biomarker for its potential in assessing neurological injuries. Using Presepsin in conjunction with
traditional neurological injury markers, such as NSE and S100B protein, can enhance the sensitivity and specificity of
predicting patient prognosis. Presepsin levels have been found to significantly increase in severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)-related cardiovascular injuries, indicating its application potential in assessing
neurological functional prognosis after CPR.®

NSE is a specific marker of neuronal injury, with elevations typically directly related to the severity of brain damage.
S100p reflects damage to glial cells, with its level changes associated with inflammatory responses in the nervous system.
By combining the detection results of presepsin with these biomarkers, it may be possible to improve the recognition rate
of brain injuries, thereby enhancing patient prognostic assessments. The effectiveness of multi-biomarker combined
detection strategies has been validated in multiple studies.®® This helps to overcome the limitations of single markers
regarding specificity and sensitivity, forming a more reliable prognostic assessment model.®’

To clarify the comparative characteristics of Presepsin and other common biomarkers in post-CPR neurological
prognostication, Table 1 summarizes their key performance parameters:

Future research directions should focus on further validating the joint application effectiveness of presepsin with other
neurological injury biomarkers and exploring how to promote this multi-biomarker detection strategy as a clinical
standard. Through large-scale clinical trials, assessing its application effects in different patient types can provide a more
solid evidence base for clinical practice. Additionally, with advancements in detection technology, how to enhance the
sensitivity and specificity of these biomarkers is also an important topic for future research. In summary, the combined
application of presepsin with other neurological injury markers holds great promise for improving prognostic assess-
ments in patients after CPR. The combined application of physical entities holds vast clinical application prospects and is
expected to become a standardized strategy for the assessment of neurological prognosis in patients after CPR.
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Table | Comparison of Presepsin with NSE, S100B, and PCT

Biomarker | Core Advantage Limitation Prognostic Targeted Pathophysiology
AUC (OHCA)

Presepsin Early elevation (6h post-ROSC), reflects | Low specificity in non- ~0.72 Systemic inflammation —
neuroinflammation; aids bacterial-fungal | infectious inflammation; neuroinflammation
differentiation affected by renal function

NSE High specificity for neuronal necrosis Delayed elevation (24—48h); ~0.79 Direct neuronal damage

false positive in liver/

myocardial injury

S100B Reflects glial cell activation Low sensitivity for mild brain | ~0.73 Glial cell damage —
injury; affected by skeletal neuroinflammation

muscle injury

PCT High specificity for bacterial infection Insensitive to viral/fungal ~0.68 Bacterial infection-induced
infection; delayed response systemic inflammation —

secondary neuroinflammation

Limitations of Presepsin in Neurological Prognostication Post-CPR

Despite its potential, presepsin has several unresolved limitations that restrict its routine clinical application and require
explicit recognition: Low specificity in non-infectious inflammation: Presepsin can be elevated in sterile ischemia-
reperfusion injury, postoperative aseptic inflammation, or autoimmune diseases, leading to false-positive signals that may
misclassify the etiology of neurological dysfunction post-CPR.®* Confounding by renal function: As a kidney-excreted
biomarker, Presepsin levels are significantly elevated in patients with acute kidney injury or chronic renal insufficiency,
independent of infection or neurological injury, which may interfere with prognostic judgment.®’ Inferior specificity to
neuro-specific biomarkers: For pure neuronal damage without systemic inflammation, its prognostic accuracy is lower
than that of NSE and S100p.%®

Future Research Directions and Clinical Application Prospects

Deepening Mechanism Research

Presepsin is a biomarker released during inflammatory responses, showing significant clinical relevance in assessing
neurological prognosis in patients after CPR. To better understand the role of presepsin in neurological injury, it is crucial
to delve into its specific mechanisms of action.

Furthermore, the role of presepsin is not limited to inflammatory responses; it may also be closely linked to the
apoptosis of neural cells. Studies have found that ischemia-reperfusion injury following CPR can lead to the apoptosis of
neural cells,*” and the elevation of presepsin may serve as an important marker of this process. By exploring apoptosis-
related signaling pathways in depth, researchers can reveal how presepsin influences the survival and death of neural
cells. For example, presepsin may affect the process of apoptosis by regulating the expression of Bcl-2 family proteins,
which play a critical role in apoptosis. Investigating the interaction between Bcl-2 family proteins and presepsin will help
elucidate its specific mechanisms in neurological injury.”®

At the same time, the integrity of the blood-brain barrier is vital for maintaining normal neurological function.
Following CPR, the disruption of the blood-brain barrier can allow harmful substances to enter the central nervous
system, exacerbating neurological damage. The elevation of presepsin may be closely related to the disruption of the
blood-brain barrier. Research indicates that inflammatory factors can increase the permeability of the blood-brain
barrier,”' and as an inflammatory marker, presepsin may play a significant role in this process. Future research should
focus on how presepsin affects the expression of tight junction proteins, such as occludin and claudin-5, thereby
influencing the function of the blood-brain barrier. These studies will provide new insights for clinical applications
and help develop interventions targeting presepsin to improve the neurological prognosis of patients after CPR. Notably,
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the interaction between presepsin and renal function requires further clarification, whether renal dysfunction simply
affects its excretion or actively participates in presepsin-mediated neuroinflammation remains unclear.”* Resolving this
issue will help optimize the interpretation of presepsin results in clinical practice.

In summary, the mechanisms of presepsin in neurological injury following CPR still require further investigation. By
clarifying the specific roles of presepsin in inflammatory pathways, neural cell apoptosis, and blood-brain barrier
disruption, researchers hope to identify new biomarkers and therapeutic targets for improving patient prognosis.

Large-Scale, Multi-Center Clinical Validation

Assessing the neurological prognosis after CPR is an essential part of clinical work. Presepsin, as an emerging biomarker,
is gradually recognized for its potential in evaluating the prognosis of septic patients. To further validate the clinical
value of presepsin in assessing neurological prognosis in patients after CPR, designing a prospective, multi-center
clinical trial is particularly important. This study design can collect data from different hospitals and populations, thereby
enhancing the generalizability and applicability of the research findings.

Firstly, the study should clearly define the inclusion criteria, including patients in various clinical statuses after ROSC,
such as those with good recovery of consciousness, coma, or vegetative state. Secondly, the study needs to collect
participants’ presepsin levels, clinical scores (eg, GCS scores), and other relevant biomarker values for comprehensive
analysis. Studies have shown that presepsin levels are closely related to patient prognosis. For example, elevated
presepsin levels may correlate with poorer outcomes,”® thus, in the multi-center trial, the relationship between different
Presepsin levels and the final recovery of brain function can be assessed to evaluate its clinical value.

Additionally, determining the optimal detection window and critical value is also a key aspect of this study.
Previous studies suggest that dynamic changes in presepsin may affect its effectiveness as a prognostic indicator.”*
Therefore, the research should be designed to collect samples at different time points after CPR (eg, 0 hours, 6hours,
12hours, 24 hours, 48 hours, 72 hours after admission) to observe the changes in Presepsin levels over time and their
impact on prognosis.

Finally, through data analysis, statistical models can be used to determine the optimal critical value for presepsin. For
instance, ROC curve analysis can be utilized to assess the sensitivity and specificity of presepsin and compare it with
other commonly used biomarkers (eg, CRP and PCT) to further evaluate its unique value in prognostic assessment.”> The
results of this multi-center clinical trial can provide empirical support for the effectiveness of presepsin in clinical
applications and lay the groundwork for future clinical guidelines.

At the same time, by comparing the results of presepsin detection across different time windows with clinical
outcomes (such as neurological function scores, length of hospital stay, mortality, etc)., empirical evidence can be
provided for determining the optimal detection window. Additionally, the study should consider the heterogeneity of
different patient populations, such as age, underlying diseases, and methods of CPR, as these factors may influence
presepsin levels and clinical significance.”®

Regarding determining critical values, ROC curve analysis can be used to evaluate the sensitivity and specificity of different
presepsin levels to find the optimal critical value. For example, one study found that presepsin at a specific level (eg, 600 pg/mL)
could effectively distinguish between patients with good and poor clinical outcomes.’” Through this process, clear indicators can
be provided for clinicians to better assess patient prognosis in practical applications.

In summary, through the design of prospective, multi-center clinical trials, combined with the clarification of optimal
detection windows and critical values, the clinical application standardization of presepsin in assessing neurological
prognosis in patients after ROSC can be effectively improved. This will provide a solid foundation for the widespread
application of presepsin as a neurological prognosis indicator in future clinical practice.

Comprehensive Assessment Combined with Multi-Modal Monitoring Technologies

In managing patients after ROSC, accurately assessing neurological prognosis is a critical issue. In recent years,
Presepsin, as a novel biomarker, has shown promising prospects in monitoring inflammation and infection. Combining
presepsin detection with other neuroimaging and electroencephalography (EEG) multi-modal monitoring technologies is
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expected to establish a comprehensive multi-dimensional assessment system, thereby improving the predictive accuracy
of neurological prognosis for patients and providing guidance for individualized treatment.

Firstly, neuroimaging techniques, such as magnetic resonance imaging (MRI) and computed tomography (CT), can
provide detailed information about brain tissue structure and function. These imaging results can be correlated with
presepsin levels to help doctors better understand the extent of potential brain injury in patients after CPR. By analyzing
imaging data combined with the trends in presepsin levels, the biological mechanisms of brain injury can be revealed,
optimizing treatment plans. For instance, high presepsin levels may correlate with the severity of brain ischemia or
inflammatory responses, while imaging examinations can reveal the specific location and extent of brain tissue damage;
the combination of these two will provide more comprehensive clinical information.

Secondly, EEG, as a non-invasive monitoring tool, can reflect the electrical activity state of the brain in real time.
After CPR, patients’ EEGs often exhibit abnormal changes, such as low voltage or nonspecific waveforms, which may
closely relate to neurological prognosis. By combining presepsin with EEG results, doctors can gain deeper insights into
the electrophysiological changes of the brain during the resuscitation process, enabling more accurate prognostic
assessments. For example, certain specific EEG patterns may coincide with higher presepsin levels, indicating
a higher risk of neural damage in the patient.

Moreover, the integration of multiple monitoring technologies into a comprehensive assessment system can enhance
the guidance capacity for individualized treatment. In clinical practice, patient responses may vary due to individual
differences, and a single biomarker or detection method may not fully reflect the true situation of the patient. By
integrating presepsin, neuroimaging, and EEG, doctors can tailor more precise treatment plans based on the specific
conditions of patients. This individualized treatment strategy not only helps improve treatment outcomes but also reduces
unnecessary medical costs and the psychological burden on patients.

To address the limitations of single biomarkers, we propose a preliminary “stepwise prognostication pathway” for
post-ROSC patients: (1) Early screening (6h post-ROSC): Detect presepsin and assess renal function to identify high-risk
patients with excessive inflammation, excluding renal-related false positives; (2) Prognostic refinement (24—48h post-
ROSC): Combine with NSE/S100B to improve the specificity for neuronal damage; (3) Confirmation (72h post-ROSC):
Integrate with MRI (diffusion-weighted imaging) and EEG to finalize prognosis stratification. This multi-step approach
balances presepsin’s early warning advantage and the specificity of neuro-specific markers/imaging.

In summary, combining presepsin detection with multi-modal monitoring technologies provides new insights for the
assessment of neurological prognosis in patients after CPR. Establishing this comprehensive assessment system not only
enhances the accuracy of prognostic predictions but also aids in providing individualized guidance for clinical treatment,
thus improving the overall prognosis of patients. Future research should further explore the joint application of presepsin
with other biomarkers and the applicability of multi-modal monitoring technologies in different patient populations,

which will be a worthwhile direction of study.

Exploration of Prognostic Interventions and Therapeutic Targets

Elevated levels of presepsin are typically closely associated with the activation of infection, inflammation, and immune
responses, making it significant for prognostic assessment in patients after CPR. Research indicates that the inflammatory
state of patients after CPR is directly related to the effectiveness of neurological recovery,'' hence exploring inflamma-
tion modulation intervention strategies based on presepsin levels may improve neurological recovery in patients
following CPR.

Currently, studies show that presepsin levels positively correlate with changes in various inflammatory factors, such
as C-reactive protein and IL-6.”® These increase in factors is often accompanied by the emergence of a cytokine storm,
which causes secondary damage to neural tissues. Therefore, intervention strategies targeting presepsin levels may
include the use of anti-inflammatory drugs or drugs that modulate immune responses to reduce inflammatory states,
thereby facilitating the recovery of neural functions. For example, some studies have shown that in cases using anti-
CD14 antibodies, presepsin levels can be significantly reduced, thereby inhibiting the activation of the inflammatory

9
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In addition, inflammation regulation strategies based on presepsin may also include individualized nutritional support
and appropriate rehabilitation training, combined with clinical observation and dynamic monitoring of biomarkers. These
comprehensive intervention measures aim to reduce the risk of neurological dysfunction in patients after CPR through
early identification and optimized treatment, thereby improving overall prognosis.

Presepsin is not only a biomarker of inflammation, but its role in cellular signaling is also gradually being revealed.
Research has found that presepsin can activate multiple signaling pathways, such as the NF-kB and MAPK pathways,
after binding to the CD14 receptor, thereby triggering a series of inflammatory responses and cell death.®® Therefore, in-
depth studies of presepsin-related signaling pathways can help us understand its mechanisms in inflammation and neural
injury, and may provide new targets for the development of novel neuroprotective drugs.

Current research indicates that inhibiting presepsin-related signaling pathways may help reduce neural cell damage in
patients after CPR. For example, by inhibiting the activation of the NF-kB pathway, the release of inflammatory factors can be
reduced, thereby alleviating damage to the nervous system.®' Moreover, developing monoclonal antibodies or small molecule
inhibitors targeting presepsin could achieve more precise interventions, minimizing secondary injuries caused by inflamma-
tory responses, which is significant for improving the neurological functional prognosis of patients after CPR.

In conclusion, research based on presepsin not only provides a new biomarker for assessing the prognosis of patients
after ROSC but also opens up new research directions for the development of novel neuroprotective drugs. Future
research should focus on exploring the mechanisms of presepsin and its signaling pathways, aiming to provide more
effective intervention strategies for clinical treatment.

Conclusion

As an emerging inflammatory biomarker, presepsin has shown promising but investigational value in assessing neuro-
logical prognosis after CA). Current evidence, predominantly from single-center studies, indicates a consistent associa-
tion between elevated presepsin levels (especially within 48—72 hours post-ROSC) and poor neurological outcome, with
predictive performance often comparable to that of NSE. This provides a compelling, though not yet definitive, rationale
for its prognostic utility.

However, significant limitations preclude its current inclusion in clinical practice guidelines. Key constraints include
the predominance of studies with small sample sizes, heterogeneity in sampling timing and assay methods, lack of
standardized prognostic thresholds, and insufficient adjustment for major confounders such as renal function and the
presence of concurrent infection. Crucially, its added value within established multimodal prognostication protocols
(combining clinical examination, neurophysiology, and imaging) remains unproven.

Therefore, future research must prioritize specific, actionable steps to translate this potential into clinical practice:
Standardization and Validation: Conduct large-scale, prospective multicenter studies to validate assay-specific cut-offs
and define the optimal measurement timepoints, with separate analyses for OHCA and in-hospital (IHCA) cardiac arrest
populations; Mechanistic and Comparative Clarity: Elucidate presepsin’s specific role in post-CA neuroinflammation
versus systemic infection, and determine its independent prognostic contribution relative to and in combination with
NSE, S100p, and other biomarkers; Integration into Clinical Pathways: Develop and test practical prognostic algorithms
that integrate presepsin with multimodal parameters (eg, EEG, brain imaging, and clinical scores) to assess its ability to
improve the accuracy and confidence of neuroprognostication.

In summary, presepsin is a promising candidate biomarker that may refine post-cardiac arrest neuroprognostication.
Its path to routine clinical adoption, however, requires rigorous validation, standardization, and evidence of clear
incremental value within the existing multimodal prognostic framework before it can be considered for guideline

implementation.
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