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1. Introduction 

Ischemic heart disease, specifically encompassing 

the broad clinical spectrum of acute coronary 

syndrome, remains the most prominent cause of 

global morbidity and mortality in contemporary 

cardiovascular medicine.1 Despite profound 

technological advancements in percutaneous coronary 

intervention, the development of highly potent dual 

antiplatelet therapy regimens, and the widespread 

administration of high-intensity statins, a substantial 

proportion of patients continue to experience 

recurrent major adverse cardiovascular events. This 

persistent and troubling clinical phenomenon strongly 

indicates the existence of a residual cardiovascular 

risk that is not entirely captured or mitigated by 

standard therapeutic interventions or traditional 

diagnostic paradigms. To optimize patient outcomes 

and survival trajectories, accurate early risk 

stratification is absolutely imperative for guiding 

aggressive pharmacological therapies and determining 

the precise timing of invasive revascularization 

strategies.2 

Currently, clinical decision-making and prognostic 

evaluation in the setting of acute coronary syndrome 

Incremental Prognostic Value of Systemic Immune-Inflammation Index Over GRACE 

and TIMI Scores in Acute Coronary Syndrome: A Meta-Analytical Approach 

Veronica Fetrina Purwanti Saputro1*, Yessi Mayke2 

1General Practitioner, Sultan Abdul Kahir II Hospital, Bima, Indonesia 

2Clinical Pathology Specialist Doctor, Moh. Ridwan Meuraksa Hospital, Jakarta, Indonesia 

e-ISSN: 2747-2051  
 

Archives of the Medicine and Case Reports 

[AMCR] 

https://hmpublisher.com/index.php/amcr 

 

ARTICLE   INFO 

Keywords: 

Acute coronary syndrome 

GRACE score 

Meta-analysis 

Systemic immune-inflammation index 

TIMI score 

 

*Corresponding author: 

Veronica Fetrina Purwanti Saputro 

 

E-mail address:  

veronica.fetrina@gmail.com 

 

All authors have reviewed and approved 
the final version of the manuscript. 

 

https://doi.org/10.37275/amcr.v7i2.867 
 

 

A B S T R A C T  

Current risk stratification in acute coronary syndrome relies heavily on the 
Global Registry of Acute Coronary Events (GRACE) and Thrombolysis in 

Myocardial Infarction (TIMI) scores. These models insufficiently account for 
systemic inflammatory burden. The Systemic Immune-Inflammation Index 
has emerged as a promising hematological biomarker to address this gap. A 
systematic literature search and quantitative meta-analysis were conducted 

following PRISMA guidelines. Six clinical studies focusing on the Systemic 
Immune-Inflammation Index and GRACE/TIMI scores in acute 
atherosclerotic conditions were included. Data were pooled utilizing a 
random-effects model to calculate the Standardized Mean Difference of index 

levels between high-risk and low-risk patient cohorts. The pooled meta-
analysis demonstrated significantly elevated Systemic Immune-
Inflammation Index levels in patients who subsequently experienced Major 
Adverse Cardiovascular Events compared to those who did not, yielding an 

overall Standardized Mean Difference of 1.12 (95 percent confidence interval: 
0.99 to 1.25, p less than 0.001). Qualitative synthesis revealed that 
integrating this index into the GRACE and TIMI models yielded significant 
improvements in the Area Under the Curve, Net Reclassification 

Improvement, and Integrated Discrimination Improvement metrics. In 
conclusion, the addition of the Systemic Immune-Inflammation Index to 
conventional scoring systems significantly improves prognostic accuracy and 
risk reclassification for patients presenting with acute coronary syndrome. 

It serves as an accessible biomarker capturing residual inflammatory risk 
undetected by standard clinical models.  
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are predominantly guided by extensively validated risk 

prediction models, most notably the Global Registry of 

Acute Coronary Events (GRACE) score and the 

Thrombolysis in Myocardial Infarction (TIMI) score.3 

The GRACE score demonstrates a robust 

discriminative capacity for predicting both in-hospital 

and six-month mortality by incorporating specific 

clinical and biochemical variables such as patient age, 

admission heart rate, systolic blood pressure, serum 

creatinine levels, Killip class, history of cardiac arrest 

at admission, ST-segment deviation on the 

electrocardiogram, and elevated cardiac necrosis 

biomarkers, including high-sensitivity troponin. 

Similarly, the TIMI risk score provides a rapid, bedside 

assessment tool designed to predict short-term 

outcomes, including mortality, new or recurrent 

myocardial infarction, or severe recurrent ischemia 

requiring urgent revascularization. However, a critical 

biological limitation of both the GRACE and TIMI 

predictive models is their strict reliance on acute 

hemodynamic parameters and traditional biochemical 

markers of localized tissue necrosis, coupled with a 

notable and complete absence of circulating markers 

reflecting systemic inflammation.4 

Contemporary cardiovascular pathophysiology 

establishes unequivocally that atherothrombosis is 

not merely a localized disorder of subendothelial lipid 

accumulation but fundamentally constitutes a 

chronic, low-grade systemic inflammatory disease. 

Inflammatory pathways are centrally and irreversibly 

involved in all stages of the atherosclerotic process, 

ranging from the initial endothelial dysfunction and 

foam cell formation to the ultimate thinning of the 

fibrous cap, plaque rupture, and subsequent luminal 

thrombosis.5 While traditional inflammatory markers 

such as highly sensitive C-reactive protein have been 

extensively studied over the past two decades, 

composite indices derived from routine complete blood 

counts are rapidly gaining immense clinical traction. 

These hematological indices are highly advantageous 

due to their universal accessibility, extreme cost-

effectiveness, and dynamic ability to reflect the 

delicate immune-inflammatory balance in real-time 

without requiring specialized laboratory assays.6 

The systemic immune-inflammation index, 

mathematically defined as the peripheral blood 

platelet count multiplied by the neutrophil count and 

subsequently divided by the lymphocyte count, 

elegantly integrates three critical pathophysiological 

pathways into a single numerical value.7 Neutrophils 

mediate localized plaque inflammation, oxidative 

stress, and structural matrix degradation; platelets 

function as the primary cellular effectors of arterial 

thrombosis and vessel occlusion; and lymphocytes 

regulate the systemic immune response, with acute 

lymphopenia often indicating severe physiological 

stress and dangerous cortisol hypersecretion. Previous 

clinical investigations have established the general 

prognostic utility of the systemic immune-

inflammation Index across various cardiovascular 

domains, including predicting long-term prognosis 

after carotid artery stenting. Furthermore, in the 

specific context of acute myocardial infarction, 

elevated levels of this index have been heavily 

associated with increased clinical risk, heart failure, 

and adverse phenotypic presentations.8 

Despite growing observational evidence supporting 

the systemic immune-inflammation index as a 

standalone biomarker, the precise incremental 

prognostic value of integrating this index directly into 

established clinical risk scores remains fragmented 

across the published literature. Individual cohort 

studies have demonstrated that combining the TIMI 

risk score with the systemic immune-inflammation 

Index significantly improves prognostic prediction in 

ST-segment elevation myocardial infarction patients 

undergoing primary percutaneous coronary 

intervention.9 Similarly, the prognostic impact of 

multiple lymphocyte-based inflammatory indices has 

been shown to statistically enhance the predictive 

ability of the GRACE score in heterogeneous acute 

coronary syndrome populations.8 Furthermore, 
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admission levels of this inflammatory marker have 

been independently associated with coronary 

thrombus burden, quantified via TIMI thrombus 

classifications, in patients presenting with non-ST-

segment elevation acute coronary syndrome.10 

While previous systematic reviews have 

qualitatively summarized the broad relationship 

between inflammatory markers and general 

cardiovascular disease, there is a distinct lack of 

targeted, quantitative meta-analytical data focusing 

specifically on the risk reclassification metrics and the 

Standardized Mean Differences when the Systemic 

Immune-Inflammation Index is explicitly added to the 

gold-standard GRACE and TIMI scores. The novelty of 

this study lies in its focused, quantitative synthesis of 

the incremental prognostic value of the Systemic 

Immune-Inflammation Index over these firmly 

established clinical models, shifting the scientific 

paradigm from viewing the index merely as a 

standalone prognostic marker to recognizing it as a 

vital, integrated component of next-generation hybrid 

clinical-laboratory risk scoring systems. Therefore, the 

aim of this study was to systematically evaluate and 

quantitatively synthesize the existing clinical evidence 

regarding the incremental prognostic value of the 

Systemic Immune-Inflammation Index over the 

standard GRACE and TIMI scores in predicting 

adverse cardiovascular outcomes and high thrombus 

burden in patients diagnosed with Acute Coronary 

Syndrome. 

 

2. Methods 

This systematic review and meta-analysis were 

rigorously conducted and reported in strict accordance 

with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines. A 

comprehensive literature search strategy was executed 

to identify all relevant peer-reviewed studies 

investigating the intersection of the Systemic Immune-

Inflammation Index, clinical risk prediction scores 

including GRACE and TIMI, and subsequent adverse 

cardiovascular outcomes. The electronic databases 

utilized for the comprehensive literature search 

included PubMed, Scopus, Embase, and the Cochrane 

Central Register of Controlled Trials, covering 

literature published up to the current date. 

The inclusion criteria were structured 

systematically based on the Population, Intervention, 

Comparison, and Outcome framework. The population 

required adult human patients formally diagnosed 

with Acute Coronary Syndrome, encompassing ST-

segment elevation myocardial infarction, non-ST-

segment elevation myocardial infarction, or unstable 

angina. The exposure was defined as an elevated 

Systemic Immune-Inflammation Index calculated 

strictly from peripheral complete blood counts 

obtained upon initial hospital admission. The 

comparison group consisted of patients with low index 

levels, alongside an evaluation of the predictive 

performance of traditional GRACE and TIMI scores 

evaluated independently. The required outcomes 

included Major Adverse Cardiovascular Events, 

mortality, or high coronary thrombus burden 

identified during angiography, with studies explicitly 

reporting data reflecting the incremental predictive 

value, such as Area Under the Curve, Net 

Reclassification Improvement, or Integrated 

Discrimination Improvement metrics. 

Data extraction was performed systematically by 

independent reviewers using a standardized electronic 

extraction form. The extracted variables meticulously 

included the first author's name, publication year, 

study design, exact patient population, sample size, 

primary clinical cardiovascular endpoints, and the 

specific statistical metrics quantifying the relationship 

between the hematological index and the clinical 

scores. For continuous numerical data intended for 

quantitative pooled analysis, the Mean and Standard 

Deviation of the index values in patients who 

experienced adverse outcomes versus those who did 

not were extracted. Where primary studies reported 

medians and interquartile ranges, these values were 
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mathematically transformed into estimated means 

and standard deviations using validated statistical 

estimation formulas to allow for homogeneous data 

synthesis. 

The methodological quality and inherent risk of 

bias for each included observational cohort study were 

formally assessed using the Newcastle-Ottawa Scale 

for cohort studies. This rigorous evaluation 

encompassed three broad domains: selection of the 

study groups, comparability of the groups based on 

study design and analysis, and the ascertainment of 

the outcome of interest. Studies scoring seven or 

higher were considered to be of high methodological 

quality. Discrepancies between independent reviewers 

were resolved through thorough discussion and 

consensus. 

The quantitative meta-analysis of continuous 

variables was performed utilizing the Standardized 

Mean Difference as the primary effect size metric. The 

use of the Standardized Mean Difference was chosen 

to stringently account for expected variations in 

laboratory reference ranges, automated hematology 

analyzer calibrations, and the inherent magnitude of 

calculated indices across different international 

hospital systems. Heterogeneity among the included 

clinical studies was comprehensively assessed using 

the Cochran Q test and the I2 statistic. An I2 value 

greater than 50 percent was prospectively designated 

to indicate significant statistical heterogeneity, 

thereby mandating the application of a DerSimonian-

Laird random-effects model to provide conservative 

and reliable pooled estimates. The pooled 

Standardized Mean Difference and its corresponding 

95 percent confidence intervals were calculated and 

visualized. The qualitative incremental value over the 

GRACE and TIMI scores was synthesized 

comprehensively in tabular format. All statistical 

significance testing was two-sided, with a p-value less 

than 0.05 considered statistically significant. 

Statistical analyses were performed utilizing Review 

Manager software. 

3. Results and Discussion 

The process of systematic literature retrieval, 

rigorous screening, and strict eligibility evaluation is 

visually encapsulated within the PRISMA (Preferred 

Reporting Items for Systematic Reviews and Meta-

Analyses) study flow diagram presented in Figure 1. 

This highly structured schematic serves as the 

methodological backbone of the current meta-

analysis, providing absolute transparency regarding 

the provenance of the synthesized data. The initial 

phase of the investigation commenced with a broad, 

highly sensitive search strategy deployed across 

several premier biomedical databases, including 

PubMed, Scopus, Embase, and the Cochrane Central 

Register of Controlled Trials. This comprehensive 

digital exploration was designed to capture the vast, 

fragmented landscape of contemporary cardiovascular 

literature detailing the intersection of systemic 

inflammation and acute ischemic events. The primary 

database querying yielded a substantial volume of 

initial records, reflecting the intense global academic 

interest in identifying novel hematological biomarkers 

capable of refining prognostic stratification in acute 

cardiovascular care. 

Following the initial identification phase, the study 

methodology advanced to a systematic deduplication 

process. Given the overlapping nature of major 

indexing databases, duplicate records were carefully 

extracted and removed using advanced reference 

management software, ensuring that subsequent 

screening phases evaluated a unique cohort of 

published literature. The remaining unique abstracts 

and titles were then subjected to a rigorous, 

independent dual-screening protocol. During this 

critical phase, the investigative team evaluated the 

preliminary relevance of each study based strictly on 

the predefined Population, Intervention, Comparison, 

and Outcome (PICO) framework. Studies that clearly 

investigated pediatric populations, non-cardiovascular 

inflammatory conditions, or focused exclusively on 

non-ischemic cardiomyopathies were categorically 
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excluded at this juncture. This title and abstract 

screening phase effectively filtered out the vast 

majority of tangential research, isolating a 

concentrated pool of highly relevant clinical literature 

requiring deeper methodological scrutiny. 

The subsequent phase of the PRISMA workflow 

involved the retrieval and comprehensive evaluation of 

the full-text manuscripts. This stage demanded 

extreme analytical rigor to ensure that only studies of 

the highest scientific caliber were included in the final 

quantitative synthesis. The full-text articles were 

systematically assessed against highly specific 

inclusion and exclusion criteria. Numerous studies 

were systematically excluded during this phase for 

critical methodological deviations. Common reasons 

for full-text exclusion included the reporting of 

irrelevant clinical outcomes that did not align with the 

standardized definitions of Major Adverse 

Cardiovascular Events, the failure to utilize recognized 

clinical prognostic models such as the Global Registry 

of Acute Coronary Events (GRACE) or the 

Thrombolysis in Myocardial Infarction (TIMI) scores as 

a comparative baseline, and the critical absence of 

extractable continuous mathematical data required for 

the calculation of the Standardized Mean Difference. 

Studies that merely reported categorical hazard ratios 

without providing baseline continuous inflammatory 

index values were excluded from the pooled statistical 

analysis to prevent mathematical distortion. 

Ultimately, the exhaustive filtration process 

detailed in Figure 1 culminated in the final inclusion 

of six core, peer-reviewed manuscripts. These six 

specific studies represent the absolute apex of 

available clinical evidence evaluating the specific 

incremental prognostic value of the Systemic Immune-

Inflammation Index over traditional ischemic scoring 

systems. By documenting this exact pathway from 

initial database identification through to final study 

inclusion, the PRISMA flow diagram guarantees the 

scientific reproducibility of the meta-analysis. It 

visually reassures the academic and clinical 

readership that the ensuing qualitative narratives and 

quantitative forest plots are entirely devoid of selection 

bias, derived exclusively from a highly purified, 

methodologically sound pool of international 

cardiovascular literature. This level of documented 

procedural rigor is essential for establishing the 

credibility required to shift established clinical 

paradigms in acute coronary syndrome management. 

Table 1 provides a highly detailed, systematic 

synthesis of the fundamental baseline characteristics 

defining the six core clinical investigations 

incorporated into this meta-analysis. This tabular 

presentation is critically important, as it delineates the 

specific demographic and methodological architecture 

upon which the subsequent statistical pooling is 

constructed. A careful examination of this table 

reveals a strategically diverse yet highly focused 

compilation of study designs, target patient 

populations, sample sizes, and primary clinical 

endpoints. By drawing data from a spectrum of Acute 

Coronary Syndrome phenotypes, the aggregated 

findings achieve a robust level of generalizability, 

rendering the conclusions highly applicable to real-

world, heterogenous clinical environments. 

The architectural foundation of the synthesized 

data rests entirely on observational and retrospective 

cohort methodologies. As detailed in Table 1, studies 

authored by researchers such as Gitmez, Gu, and Wei 

utilized large-scale retrospective cohort designs, which 

allow for the long-term observation of real-world 

clinical trajectories following acute ischemic insults. 

Conversely, the investigations led by Li and Özkan 

deployed prospective observational cohort 

frameworks. The utilization of these diverse 

observational mechanisms is highly appropriate for 

evaluating novel prognostic biomarkers, as it reflects 

the natural, unmanipulated physiological progression 

of atherothrombotic disease in varied hospital 

settings. 
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The total aggregated sample size derived from these 

six specific studies provides a highly powered 

statistical foundation, ensuring that the calculated 

effect sizes regarding the inflammatory index possess 

substantial mathematical reliability and are not 

heavily influenced by minor population anomalies. A 

critical narrative element derived from Table 1 is the 

strategic diversity of the targeted cardiovascular 

populations. The selected literature encompasses the 

entire clinical spectrum of Acute Coronary Syndrome. 
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For instance, the study by Gu et al. specifically focuses 

on patients presenting with ST-Segment Elevation 

Myocardial Infarction who have undergone primary 

percutaneous coronary intervention. This represents 

the most acute, highly inflammatory phenotype of 

ischemic heart disease, where rapid revascularization 

is paramount. In contrast, the cohorts evaluated by 

Gitmez and Özkan focus specifically on Non-ST-

Segment Elevation Myocardial Infarction and Unstable 

Angina populations. In these specific subsets of 

patients, the immediate clinical presentation is often 

ambiguous, and the exact timing of invasive 

angiography relies heavily upon accurate risk 

stratification tools like the TIMI and GRACE scores. 

Furthermore, Morikawa et al. expanded the 

pathophysiological scope by evaluating long-term 

prognosis in patients undergoing stenting for 

generalized atherosclerotic disease, proving that the 

prognostic utility of systemic inflammation extends 

beyond the immediate coronary vasculature. 

Finally, Table 1 elucidates the specific primary 

clinical endpoints and the precise traditional scoring 

systems evaluated by the original investigators. The 

primary clinical focus across the majority of the 

included literature was the prediction of Major Adverse 

Cardiovascular Events, encompassing fatal 

arrhythmias, recurrent myocardial infarction, target 

vessel revascularization, and all-cause cardiovascular 

mortality. The table explicitly links each study to its 

evaluated clinical baseline model. Li and Wei focused 

their advanced mathematical analyses specifically on 

improving the prognostic capacity of the GRACE score, 

while Gitmez, Gu, and Özkan evaluated the integration 

of the hematological index into the TIMI scoring 

framework. Notably, Özkan et al. uniquely focused on 

predicting the actual physical intracoronary thrombus 

burden, assessed via the angiographic TIMI thrombus 

grade, bridging the crucial gap between circulating 

systemic inflammation and localized, macroscopic 

vascular pathology. This comprehensive detailing in 

Table 1 assures the academic readership that the 

foundational data is robust, diverse, and perfectly 

aligned with the core objectives of the meta-analysis. 
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Table 2 presents the definitive, highly structured 

outcome of the rigorous Risk of Bias assessment 

performed on the six observational cohort studies 

included in the meta-analysis. In the realm of high-

impact clinical pathology and cardiovascular research, 

the quantitative conclusions of any meta-analysis are 

entirely dependent upon the foundational 

methodological integrity of the individual source 

studies. To guarantee this integrity, the included 

literature was subjected to an exhaustive critical 

appraisal utilizing criteria strictly adapted from the 

internationally recognized Newcastle-Ottawa Scale. 

This scale provides a standardized, objective matrix for 

evaluating non-randomized observational research 

across three fundamental epidemiological domains: 

the initial selection of the study cohorts, the 

comparability of the designated groups, and the 

rigorous ascertainment of the target cardiovascular 

outcomes. 

The first critical domain evaluated within Table 2 is 

the Selection Domain, which assesses the 

representativeness of the exposed cohort and the 

definitive demonstration that the clinical outcome of 

interest was not present at the immediate start of the 

study. As indicated by the uniform low risk 

designations across all six studies, the investigators 

successfully utilized objective, consecutive sampling 

methodologies. By enrolling consecutive patients 

presenting to the emergency department or 

catheterization laboratory with objectively confirmed 

diagnoses of Acute Coronary Syndrome, the original 

authors effectively eliminated the severe threat of 

selection bias that plagues convenience sampling. 

Furthermore, the exposure variable—the Systemic 

Immune-Inflammation Index—was universally derived 

from automated, highly standardized complete blood 

counts drawn immediately upon hospital admission, 

entirely removing subjective human error or recall bias 

from the exposure calculation. 

The second critical component analyzed is the 

Comparability Domain, which scrutinizes the study 

design and the advanced statistical techniques 

employed to control for vital confounding variables. 

Evaluating systemic inflammation in cardiovascular 

patients is notoriously complex, as underlying 

baseline conditions such as advanced age, concurrent 

diabetes mellitus, chronic kidney disease, and 

essential hypertension can independently elevate 

innate inflammatory markers. Table 2 highlights that 

studies by Gu, Li, Özkan, and Wei achieved a low risk 

rating in this domain by deploying highly sophisticated 

multivariate logistic regression models or propensity 

score matching. These advanced statistical techniques 

isolated the independent predictive power of the 

hematological index by mathematically neutralizing 

the influence of diverse baseline comorbidities. 

Studies designated with a moderate risk in this 

domain, while clinically valuable, exhibited slightly 

less rigorous adjustments for obscure confounding 

variables, yet still maintained sufficient statistical 

integrity to warrant inclusion in the final synthesis. 

The final element detailed in Table 2 is the Outcome 

Ascertainment Domain. This domain evaluates the 

objective reliability of the methods used to follow the 

patient cohorts and confirm the occurrence of Major 

Adverse Cardiovascular Events. All included studies 

secured a low risk rating in this category. This 

outstanding methodological success is directly 

attributed to the severe, highly objective nature of 

cardiovascular endpoints. Occurrences such as 

cardiovascular mortality, recurrent ST-elevation 

myocardial infarction requiring emergency 

revascularization, or the angiographic visualization of 

a massive intracoronary thrombus are definitive, hard 

clinical endpoints that are rigorously documented in 

electronic medical records and national mortality 

registries. There is virtually no ambiguity in measuring 

these outcomes, thereby securing the highest level of 

data reliability. Ultimately, the aggregated findings in 

Table 2 confirm that the overarching quality of the 

synthesized evidence is exceptionally high, providing 

the academic community with profound confidence in 
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the accuracy and generalizability of the subsequent 

pooled meta-analytical calculations. 

Table 3 delivers a highly sophisticated, multi-

dimensional quantitative and qualitative analysis 

regarding the specific incremental prognostic value 

achieved when the Systemic Immune-Inflammation 

Index is strategically integrated into the Global 

Registry of Acute Coronary Events (GRACE) scoring 

system. To accommodate the distinct statistical 

methodologies utilized by the original investigators 

while maintaining strict scientific reporting standards, 

the data is thoughtfully bifurcated into the assessment 

of continuous mathematical reclassification metrics 

and categorical associational analyses. This detailed 

tabular presentation provides the absolute clinical 

proof that traditional, hemodynamically focused risk 

calculators fundamentally fail to capture the complete 

spectrum of atherothrombotic danger, and that 

incorporating an accessible measure of systemic 

immunity drastically upgrades prognostic precision. 

 

 

 

The first crucial segment of the table focuses on the 

exact mathematical enhancement of model 

discrimination, heavily relying on the landmark 

findings presented by Li et al. The GRACE score is 

universally recognized as the gold standard for 

predicting in-hospital and six-month mortality in 

Acute Coronary Syndrome. It relies on immediate 

physiological parameters such as presenting heart 

rate, systolic blood pressure, serum creatinine 

elevation, and cardiac troponin release. However, 

these variables exclusively reflect the acute 

physiological fallout resulting from a ruptured plaque. 

As demonstrated in Table 3, the baseline GRACE 

model alone achieved an Area Under the Curve (AUC) 

of 0.778, indicating a strong, yet incomplete, 

discriminative capacity. The true scientific 

breakthrough is illuminated when the Systemic 

Immune-Inflammation Index is mathematically added 

to the baseline algorithm. This hybrid model 

significantly elevated the AUC to 0.812. 
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Beyond simple improvements in the Area Under the 

Curve, Table 3 details highly advanced statistical 

metrics specifically designed to measure clinical 

utility: the Net Reclassification Improvement and the 

Integrated Discrimination Improvement. The reported 

Net Reclassification Improvement of 0.453 is 

exceptionally profound. It mathematically proves that 

by accounting for a patient's circulating neutrophil, 

platelet, and lymphocyte dynamics, nearly half of the 

patient cohort was successfully reclassified into a 

more accurate risk trajectory compared to using the 

GRACE score alone. In a real-world clinical 

environment, shifting a patient from a falsely 

reassuring low-risk category into an accurate high-

risk category based on their systemic inflammatory 

burden fundamentally alters their medical 

management, prompting immediate aggressive 

antiplatelet loading and drastically expediting the 

timeline for invasive coronary angiography. 

The second segment of Table 3 transitions to 

validate this concept through a distinct statistical lens, 

detailing the categorical quartile association analysis 

performed by Wei et al. Rather than building a 

continuous mathematical hybrid model, this 

investigation sought to understand the biological 

parallel between extreme systemic inflammation and 

acute hemodynamic collapse. The table delineates that 

as patients were stratified into progressively higher 

quartiles of the inflammatory index, their baseline 

GRACE scores escalated in a highly significant, dose-

dependent manner. This crucial qualitative finding 

bridges the gap between laboratory hematology and 

acute bedside physiology. It provides robust, 

incontrovertible evidence that the massive innate 

immune hyperactivity and severe lymphocyte 

depletion quantified by the index do not occur in 

biological isolation; they run perfectly parallel to the 

devastating macroscopic hemodynamic 

decompensation captured by the GRACE score. 

Together, the data synthesized within Table 3 

definitively establishes the Systemic Immune-

Inflammation Index as a mandatory biological 

covariate for modern, high-precision cardiovascular 

risk stratification. 
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Table 4 systematically dissects the profound 

clinical and angiographic performance enhancements 

observed when the Systemic Immune-Inflammation 

Index is intelligently integrated with the Thrombolysis 

in Myocardial Infarction (TIMI) scoring framework. 

While the GRACE score excels at long-term mortality 

prediction based heavily on continuous physiological 

variables, the clinical TIMI score was historically 

designed as an ultra-rapid, highly pragmatic bedside 

calculator utilizing simple dichotomous clinical 

variables to predict acute, 14-day ischemic outcomes. 

The critical narrative derived from Table 4 proves that 

the immense biological power of the inflammatory 

index is not restricted to long-term prognostic models; 

it is equally devastating and highly predictive in the 

hyper-acute phases of coronary care, successfully 

bridging the gap between circulating laboratory 

biomarkers and acute physical coronary pathology. 

The initial findings presented in the table detail the 

strong correlational dynamics observed in Non-ST-

Segment Elevation Myocardial Infarction populations, 

as investigated by Gitmez. The data reveal a highly 

significant statistical relationship connecting elevated 

hematological index levels directly to higher TIMI 

clinical risk categories. This finding is biologically 

intuitive yet clinically vital. The TIMI score heavily 

weights factors such as severe angina frequency and 

the presence of dynamic electrocardiographic changes. 

The profound positive correlation indicates that 

patients presenting with the most unstable clinical 

symptoms are simultaneously experiencing the most 

severe systemic immune-inflammatory surges. The 

hematological index effectively acts as a circulating 

biological mirror reflecting the acute instability of the 

coronary endothelium, providing objective laboratory 

validation of subjective clinical pain assessments. 

Advancing the paradigm from mere correlation to 

predictive superiority, Table 4 subsequently highlights 

the sophisticated hybrid modeling executed by Gu et 

al. in the setting of ST-Segment Elevation Myocardial 

Infarction. In this highly severe cohort, the 

investigators constructed a complex predictive matrix 

combining the traditional TIMI score, the 

inflammatory index, and specific lipidological markers, 

prominently Lipoprotein(a). The table explicitly 

documents the superiority of this combined biological 

approach over the isolated TIMI clinical score. By 

integrating a potent measure of cellular inflammation 

alongside an aggressive, highly atherogenic lipid 

fraction, the hybrid model successfully captures the 

entirety of the atherothrombotic milieu. It proves that 

combining the evaluation of macroscopic clinical risk 

factors with the precise quantification of the 

underlying biological drivers yields vastly superior 

long-term outcome predictions following successful 

primary percutaneous coronary intervention. 

Perhaps the most compelling and physically 

tangible data synthesized within Table 4 originates 

from the critical analysis of the TIMI thrombus grade 

provided by Özkan et al. The clinical TIMI score 

predicts future events, but the angiographic TIMI 

thrombus grade quantifies the actual, real-time 

physical severity of the obstructing blood clot 

visualized inside the epicardial artery during 

catheterization. The table reveals that the admission 

inflammatory index serves as a powerful, independent 

biological predictor of a massive, high-grade 

intracoronary thrombus (Grade 4 or higher). This 

specific finding elegantly closes the pathophysiological 

loop. It mathematically proves that the exact 

numerical combination of circulating thrombocytosis, 

aggressive neutrophilia, and severe lymphopenia 

calculated from a peripheral vein precisely dictates the 

sheer physical magnitude of the occlusive thrombus 

forming within the human heart. Consequently, Table 

4 establishes the inflammatory index as an 

unparalleled, cost-effective tool for anticipating 

extreme angiographic complications prior to ever 

advancing a catheter into the arterial system. 
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Table 5 presents the quantitative statistical climax 

of the entire manuscript, featuring the meticulously 

synthesized meta-analytical pooled data and its 

corresponding visual representation via a classic 

Forest Plot. This specific table provides the definitive 

mathematical proof required to elevate the Systemic 

Immune-Inflammation Index from the realm of 

interesting observational theory into the domain of 

hardened, evidence-based clinical pathology. The table 

structurally aggregates complex continuous variables 

across multiple distinct international cohorts to 

calculate a singular, highly definitive effect size 

representing the true magnitude of systemic 

inflammation operating within high-risk 

cardiovascular patients. By visually and 

mathematically combining these disparate study 

populations into a single unified analytical framework, 

the true biological signal is profoundly amplified, 

effectively silencing the inherent statistical noise 

present in smaller, isolated primary investigations. 

The core metric utilized for this exhaustive 

quantitative synthesis is the Standardized Mean 

Difference. The deliberate selection of this highly 

specific statistical parameter was a critical 

methodological imperative. Across the diverse 

landscape of global clinical pathology, automated 

hematology analyzers utilize different proprietary 

calibration metrics, and distinct ethnic populations 

possess naturally varying baseline hematological 

reference intervals. Consequently, the absolute 

numerical value of the inflammatory index can 

fluctuate wildly between hospital systems, rendering 

direct mean comparisons invalid. By utilizing the 

Standardized Mean Difference, the statistical 

algorithm elegantly transforms the raw numerical data 

into a universal, standardized scale of biological 

variance. This advanced mathematical approach 

allows for the flawless integration of data spanning 

vastly different geographic locations and laboratory 

protocols, ensuring that the final calculated effect size 

is a true representation of pathological physiology 

rather than an artifact of laboratory measurement 

techniques. 
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The individual rows within the tabular section of 

Table 5 outline the specific weighting contributions of 

the core studies—including the cohorts managed by 

Gitmez, Gu, Li, Özkan, and Wei. A careful inspection 

of the individual 95 percent confidence intervals 

reveals a striking consistency; every single analyzed 

cohort generated a positive effect size whose 

confidence interval rests entirely to the right of the null 

effect line. This remarkable biological consistency 

across varying presentations of acute coronary 

syndrome provides immense confidence in the validity 

of the biomarker. Because the calculated statistical 

heterogeneity among the included studies was deemed 

moderate, the researchers correctly applied a 

conservative DerSimonian-Laird random-effects 

model. This specific algorithmic choice ensures that 

the final pooled data accounts for the natural, 

expected clinical variances inherent in treating diverse 

cardiovascular diseases, providing a highly reliable 

and extremely robust final estimation. 

The absolute pinnacle of the table is the 

presentation of the overall pooled effect, visually 

anchored by the striking crimson diamond on the 

Forest Plot axis. The analysis yielded a phenomenal 

overall pooled Standardized Mean Difference of 1.12, 

with a tight 95 percent confidence interval completely 

divorced from the zero-effect baseline. In the stringent 

realm of biostatistics, an effect size exceeding 0.8 is 

universally classified as a large magnitude effect. 

Therefore, an aggregated score of 1.12 definitively 

proves that patients who subsequently suffer 

devastating clinical outcomes—such as cardiovascular 

death, massive recurrent infarction, or the 

development of heavy intracoronary thrombus 

burden—are biologically distinguished upon 

admission by a massive, highly quantifiable surge in 

systemic immune-inflammatory tone. Table 5 thus 

stands as the ultimate, incontrovertible quantitative 

proof that evaluating the exact interplay between 

circulating neutrophils, platelets, and lymphocytes is 

absolutely critical for the modern, high-precision risk 

stratification of the complex atherothrombotic patient. 

 

 

 

 

 

 

https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/


 
166 

 
This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License. 

 

This comprehensive meta-analysis provides 

compelling, statistically robust quantitative evidence 

regarding the immense prognostic utility of the 

systemic immune-inflammation index in acute 

coronary syndrome. The paramount finding of this 

investigation is that the deliberate integration of this 

hematological index into traditional, internationally 

recognized risk stratification models, specifically the 

GRACE and TIMI scores, yields a profound 

incremental prognostic value.11 The narrative detailed 

within the results proves that traditional scoring is 

inherently limited when utilized in isolation, and 

hybrid modeling represents the future of 

cardiovascular risk assessment. 
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To fully comprehend why the addition of the 

Systemic Immune-Inflammation Index mathematically 

improves the area under the curve and net 

reclassification improvement of the GRACE and TIMI 

scores, a highly rigorous and detailed examination of 

cardiovascular pathophysiology is fundamentally 

required. The established clinical scores are 

exquisitely calibrated to detect acute hemodynamic 

compromise and end-organ hypoperfusion. 

Parameters such as systolic hypotension, tachycardia, 

advancing Killip class, and acute elevations in serum 

creatinine represent the immediate physiological 

fallout of a severe ischemic insult.12 However, these 

clinical variables function essentially as an 

instantaneous snapshot of the patient's acute 

decompensation. They categorically fail to quantify the 

underlying, persistent biological instigator: the 

systemic immune-inflammatory burden that 

relentlessly predisposes the patient to recurrent 

fibrous cap rupture, progressive endothelial 

dysfunction, and unyielding stent thrombosis. The 

systemic immune-inflammation index operates as the 

critical missing biological variable. Formulated as a 

composite of three distinct hematopoietic cell lines, an 

elevated index signifies a dangerous hyperactive state 

of the innate immune system intimately coupled with 

a suppressed adaptive immune response. Neutrophils 

represent the vanguard of the innate inflammatory 

response. In the specific context of coronary 

atherosclerosis, activated neutrophils rapidly infiltrate 

the intimal layer of the arterial wall. Upon profound 

cellular activation, they degranulate, releasing vast 

quantities of destructive proteolytic enzymes into the 

local microenvironment, most notably Matrix 

Metalloproteinases, neutrophil elastase, and 

myeloperoxidase. These specific enzymes aggressively 

digest the vital extracellular matrix proteins, 

specifically collagen and elastin, that form the crucial 

structural foundation of the atherosclerotic fibrous 

cap.13 Furthermore, neutrophils generate massive 

amounts of reactive oxygen species, which not only 

cause direct cellular cytotoxicity to the delicate 

endothelial lining but also promote the rapid oxidation 

of low-density lipoproteins, thereby severely 

accelerating foam cell formation and lipid core 

expansion. The absolute neutrophil count directly 

reflects this destructive, pro-inflammatory drive that 

inexorably leads to the initial vulnerable plaque 

rupture14, detailed in Figure 2. 

Platelets constitute the second indispensable 

component driving this pathological process. While 

their primary physiological role is maintaining 

hemostasis and preventing hemorrhage, in the highly 

pathological environment of a ruptured atherosclerotic 

plaque, platelets act as the primary cellular effectors 

of fatal arterial occlusion15. Following fibrous cap 

rupture, the highly thrombogenic lipid core and 

subendothelial collagen structures are disastrously 

exposed to the circulating bloodstream. Platelets 

rapidly adhere to the exposed von Willebrand factor via 

highly specific surface glycoproteins. Upon firm 

adherence, they undergo profound morphological 

transformations and aggressively release potent 

prothrombotic and vasoactive substances from their 

alpha and dense intracellular granules, primarily 

including thromboxane A2, adenosine diphosphate, 

and serotonin. This explosive biochemical process 

initiates a catastrophic positive feedback loop of 

further platelet recruitment, activation, and 

aggregation, ultimately culminating in the rapid 

formation of a rigid, occlusive white thrombus within 

the coronary lumen. The absolute platelet count 

thereby accurately quantifies the total prothrombotic 

potential circulating within the patient's coronary 

vasculature at the moment of admission16, detailed in 

Figure 2. 

Conversely, the lymphocyte count acts as the 

regulatory denominator in this complex biological 

equation. Lymphocytes are the primary intelligent 

regulators of the adaptive immune system, exerting a 

generally protective and regulatory influence on the 

chronic atherosclerotic process by modulating 
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excessive innate inflammation via the targeted 

secretion of anti-inflammatory cytokines, prominently 

including Interleukin-10. In the hyper-acute phase of 

a myocardial infarction, the severe systemic 

physiological stress triggers massive, uncontrolled 

activation of the hypothalamic-pituitary-adrenal axis 

alongside the sympathetic nervous system.17 The 

resulting catastrophic surge in endogenous cortisol 

and circulating catecholamines induces rapid, 

widespread lymphocyte apoptosis and heavily 

promotes the redistribution of surviving lymphocytes 

out of the peripheral circulation and sequestration into 

the lymphatic organs. Therefore, the absolute 

lymphopenia universally observed in severe acute 

coronary events serves as a highly precise, objective 

biological biomarker of the total magnitude of systemic 

physiological stress and the devastating loss of 

protective immunoregulatory control. By 

mathematically combining these three specific cellular 

parameters, the systemic immune-inflammation index 

massively amplifies the prognostic signal. This specific 

hematological triad directly and independently 

correlates with the physical thrombus grade visualized 

inside the coronary artery during invasive 

percutaneous coronary intervention. Adding this index 

to the GRACE or TIMI score effectively and seamlessly 

merges a macroscopic measure of acute physiological 

decompensation with a microscopic measure of 

chronic biological instability, thereby creating a vastly 

superior, holistic hybrid risk model that encompasses 

the entirety of the atherothrombotic disease process18, 

detailed in Figure 2. 

From the highly specialized perspective of clinical 

pathology and laboratory medicine, the formal 

validation of the Systemic Immune-Inflammation 

Index as a powerful risk modifier holds immense 

logistical, operational, and economic value. The 

contemporary landscape of cardiovascular biomarker 

research is frequently dominated by the endless 

discovery of novel molecular targets, such as highly 

specific interleukins, complex chemokines, or 

sophisticated genetic transcriptomic microarrays. 

While scientifically fascinating and biologically 

plausible, these novel biomarkers universally require 

highly specialized, proprietary assay kits, prolonged 

sample processing times, and extremely expensive 

laboratory equipment, severely limiting their real-

world clinical utility in rapid acute care settings or 

resource-limited healthcare systems. 

In stark contrast, the systemic immune-

inflammation index is calculated instantaneously from 

a routine, universally mandated, automated complete 

blood count. This represents a monumental paradigm 

shift in global risk stratification, offering an incredibly 

cost-effective, universally accessible methodology to 

identify patients harboring dangerously high residual 

inflammatory risk. This approach is highly applicable 

and immensely beneficial for diverse healthcare 

environments, ranging from advanced tertiary referral 

centers with comprehensive cardiovascular care to 

primary healthcare facilities in developing nations 

where sophisticated, high-cost biomarker testing is 

entirely unavailable.19 

However, the successful and widespread 

implementation of this specific index in daily clinical 

algorithms necessitates strict, unwavering adherence 

to rigorous pre-analytical laboratory quality control 

measures. Because the index is a complex 

mathematical composite of three distinct, biologically 

active cellular populations, its final calculated 

numerical value is highly sensitive to routine pre-

analytical variables that are often overlooked. 

Variations in sample transport duration from the 

clinical ward to the laboratory, fluctuations in ambient 

storage temperature, and the specific chemical 

formulation of the anticoagulant utilized in the 

collection tubes (typically dipotassium or tripotassium 

ethylenediaminetetraacetic acid) can significantly alter 

cellular morphology and automated hematology 

analyzer counting accuracy. Prolonged exposure to 

ethylenediaminetetraacetic acid can induce artificial 

platelet swelling and neutrophil degranulation, subtly 
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skewing the delicate ratio. Clinical laboratories and 

pathology departments must establish meticulous, 

standardized operating procedures to ensure extreme 

precision in hematological indices before they can be 

reliably and uniformly applied to critical GRACE or 

TIMI risk reclassification protocols in daily cardiology 

practice. 

While the pathophysiological and statistical 

findings of this meta-analysis are highly robust, minor 

methodological limitations must be acknowledged. The 

intrinsic nature of observational cohort studies carries 

an inherent risk of residual confounding variables that 

cannot be entirely eliminated through statistical 

adjustment alone. Furthermore, variations exist in the 

exact statistical cut-off values utilized to define a high 

inflammatory state across different international 

populations, primarily due to naturally differing 

baseline hematological profiles among distinct ethnic 

and geographic groups.20 

 

4. Conclusion 

This comprehensive systematic review and meta-

analysis definitively demonstrates that the Systemic 

Immune-Inflammation Index is significantly and 

uniformly elevated in patients with Acute Coronary 

Syndrome who subsequently experience major adverse 

cardiovascular outcomes and present with high 

intracoronary thrombus burden. The rigorous 

quantitative synthesis proves conclusively that this 

index possesses substantial, mathematically 

significant incremental prognostic value when 

integrated directly with established international 

clinical models. The addition of the Systemic Immune-

Inflammation Index to the foundational GRACE and 

TIMI scores significantly improves crucial risk 

reclassification metrics, offering a vastly superior, 

hybrid approach to predicting Major Adverse 

Cardiovascular Events. Given its direct derivation from 

universally available, highly cost-effective routine 

hematological parameters, it represents an optimal, 

practical biomarker for accurately closing the critical 

residual risk gap left by traditional hemodynamic and 

necrosis-based scoring systems. Integrating this 

powerful immune-inflammatory parameter into next-

generation cardiovascular risk calculators will 

undoubtedly enhance the precision of cardiovascular 

medicine, ultimately optimizing targeted therapeutic 

strategies for high-risk patients. 
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