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Background: Acute ischemic stroke (AIS), the most common type of stroke, is a major cause of morbidity and mortality worldwide. A growing number of studies have demonstrated that inflammation is a critical mechanism in AIS. Being an easily available and effective inflammatory marker, the systemic inflammation response index (SIRI) shows a high association with mortality in patients with cancer and intracerebral hemorrhage. In this study, we evaluated the potential prognostic role of SIRI in critically ill patients with AIS.

Methods: Clinic data were extracted from the Medical Information Mart data for the Intensive Care IV (MIMIC-IV) database. The optimal cutoff value of SIRI was determined by X-tile software. The primary outcome was the 90-day all-cause mortality, and the secondary outcomes were 30-day and 1-year all-cause mortality of patients with AIS. Cox proportional hazards regression analyses were used to assess the association between SIRI levels and all-cause mortality, and survival curves were estimated using the Kaplan–Meier method. Furthermore, a 1:1 propensity score matching (PSM) method was performed to balance the influence of potential confounding factors.

Results: A total of 2,043 patients were included in our study. X-tile software indicated that the optimal cutoff value of the SIRI for 90-day mortality was 4.57. After PSM, 444 pairs of score-matched patients were generated. Cox proportional hazard model showed that after adjusting for possible confounders, high SIRI level (≥4.57) was independently associated with the 90-day all-cause mortality in the cohort before PSM (HR = 1.56, 95% CI: 1.30–1.89, p < 0.001) and the PSM subset (HR = 1.47, 95% CI: 1.16–1.86, p = 0.001). The survival curves showed that patients with SIRI ≥4.57 had a significantly lower 90-day survival rate in the cohort before PSM (56.7 vs. 77.3%, p < 0.001) and the PSM subset (61.0 vs. 71.8%, p = 0.001). Consistently, AIS patients with high SIRI levels (≥4.57) presented a significantly high risk of 30-day and 1-year all-cause mortality before and after PSM.

Conclusion: A higher SIRI (≥4.57) was associated with a higher risk of 90-day, 30-day, and 1-year mortality and was an independent risk factor of mortality in patients with acute ischemic stroke.
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Introduction

Stroke is an acute cerebrovascular disease caused by sudden rupture or blockage of blood vessels in the brain. It is the second leading cause of death and the third leading cause of death and disability combined in the world (1). Acute ischemic stroke (AIS) is the most common type of stroke, accounting for ~84.4% of prevalent strokes (2). Due to an aging society, the burden of stroke increases the pressure on patients, their families, and society, especially among Intensive Care Unit (ICU) patients. It is critical to identify prognostic factors for predicting patients with the highest risk of adverse outcomes. To be considered useful, risk markers, which are simpler and less expensive, should provide incremental information and possess a clear pathophysiological basis for further therapy.

Growing evidence has indicated that inflammation is a key mechanism underlying the pathophysiological processes of brain injury during various stages of cerebral ischemic injury. It is one of the crucial contributors to secondary brain injury induced by leukocyte infiltration, blood–brain barrier impairment, secretion of multiple inflammatory mediators, brain edema, and neuronal cell death (3, 4). Besides changes in the brain, AIS also induces severe extra-cerebral pathophysiological alterations, including autonomic dysfunction, activation of the hypothalamic–pituitary–adrenal (HPA) axis, and systemic immune dysregulation, which induce or aggravate functional impairment in multiple peripheral organs (5). As a result, both the brain and peripheral organs are challenged due to sustained exposure to chronic low-grade inflammation induced by AIS (6).

As inflammatory indicators, some risk markers composed of ratios of white blood cell (WBC) subgroups have been widely used in clinical practice, such as neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), and platelet-to-lymphocyte ratio (PLR). These indicators are easily available and are considered to be associated with increased risk of AIS (7–9), as well as intracranial atherosclerotic stenosis (10), coronary artery disease (11), cardiac arrest (12), and overall death (13).

The systemic inflammation response index (SIRI) is a novel prognostic marker based on the composition ratio of peripheral neutrophil, monocyte, and lymphocyte counts (calculated by neutrophil count × monocyte count/lymphocyte count). In previous studies, SIRI was found to be an independent prognostic indicator in cancer (14), rheumatoid arthritis (15), hyperuricemia, mechanical thrombectomy for large artery occlusion (16), and intracerebral hemorrhage (17). Few retrospective observational studies have analyzed the value of SIRI in AIS (18). In this study, we explored the relationship between SIRI and the risk of mortality in patients with AIS based on the Medical Information Mart for Intensive Care (MIMIC)-IV database.



Materials and methods


Data source

All data used in our study were derived from the Medical Information Mart for Intensive Care IV (MIMIC-IV 2.0) database. The MIMIC-IV database is a large, real-world, and publicly available clinical database established by Beth Israel Deaconess Medical Center in Boston, MA, USA, from 2012 to 2019. It includes demographic data, vital signs, laboratory parameters, and other treatment information. Furthermore, it provides the accurate date of death in the hospital or 1 year after discharge, which makes it possible for clinicians to conduct prognostic-related research. Our right to access the database was approved by the Institutional Review Board of the Massachusetts Institute of Technology (Cambridge, MA, USA) after completing online training from the Collaborative Institutional Training Initiative (CITI) program of the National Institutes of Health (NIH) (Record ID 38792967).



Patient selection

The patients of the present study were all recruited from the MIMIC-IV database, according to the following inclusion criteria: (1) patients diagnosed with AIS based on the ninth revision of the International Classification of Diseases (ICD-9) code and ICD-10 code; (2) adult patients aged 18 years and older; and (3) the first admission to intensive care units (ICU). Patients who met one of the following criteria were excluded: (1) absence of SIRI results within the first 24 h of admission; and (2) patients who suffered from hematologic neoplasms.



Data extraction

The data were extracted from MIMIC-IV using Structured Query Language (SQL), and pgAdmin4 for PostgreSQL was used as the administrative platform. The extracted data included: (1) demographics: age, gender, and ethnicity; (2) comorbidities: hypertension, dyslipidemia, history of stroke, congestive heart failure (CHF), peripheral vascular disease, chronic pulmonary disease, diabetes mellitus, malignant cancer, severe liver disease, and atrial fibrillation; (3) laboratory parameters: white blood cell (WBC) count, neutrophil count and percentage, monocyte count and percentage, lymphocyte count and percentage, platelet count, hemoglobin, serum glucose, serum creatinine, serum sodium, serum potassium, serum anion gap, prothrombin time (PT), activated partial thromboplastin time (APTT), NLR, PLR, LMR, and SIRI; (4) metrics including Sequential Organ Failure Assessment (SOFA) and Glasgow Coma Scores (GCSs); and (5) treatment including thrombolysis and thrombectomy. Clinical outcomes include the length of ICU stay (LOS ICU), length of hospital stay (LOS hospital), 90-day all-cause mortality, 30-day all-cause mortality, and 1-year all-cause mortality. The primary outcome was the 90-day all-cause mortality. The secondary outcomes were the 30-day mortality and 1-year all-cause mortality of patients with AIS.



Propensity score matching

Due to the retrospective design of the study, the patient selection criteria were less likely to be random. Thus, propensity score matching (PSM) analysis was performed to reduce the influence of selection bias and potential confounding factors. PSM analysis was based on a logistic regression model, and the propensity scores were examined according to the following variables: age, gender, ethnicity, hypertension, dyslipidemia, history of stroke, CHF, peripheral vascular disease, chronic pulmonary disease, diabetes mellitus, malignant cancer, severe liver disease, atrial fibrillation, WBC count, platelet count, hemoglobin, serum glucose, serum creatinine, serum sodium, serum potassium, anion gap, PT, APTT, SOFA, and GCS score. The PSM analysis was conducted using a 1:1 nearest neighbor matching algorithm with a caliper of 0.1. We evaluated the balance between the two groups by using the absolute standardized differences (ASDs) before and after matching. ASDs <0.10 implied the characteristics to be well-balanced.



Statistical analysis

Continuous variables were presented as mean ± SD or median (interquartile range) and compared using the t-test or Mann–Whitney U-test. Categorical variables were expressed as total numbers with proportions and analyzed using the Chi-square test or Fisher's exact test. The optimal cutoff value of the SIRI for 90-day mortality was determined by X-tile (Version 3.6.1, Yale University School of medicine) software. SIRI was divided into two groups using predefined optimal cutoff values for further analyses. In addition, SIRI was divided into four equal-interval categories to analyze the association between different SIRI quartiles and all-cause mortality. The first binary or quartile was selected as the reference group. Pearson correlation coefficient was used to analyze the correlation between the variables, with r < 0.7 indicating that these two variables have no relationship or correlation. Survival curves were estimated using the Kaplan–Meier method and compared by the log-rank test. The Cox proportional hazards model was applied for the univariate and multivariate analyses to identify independent prognostic factors of 90-day, 30-day, and 1-year mortality after AIS. The results are presented as hazard ratios (HRs) and 95% confidence intervals (CIs). Stratification analyses were performed to examine the effect of SIRI levels in different subgroups using a Cox regression model according to age strata (<70 and ≥70 years), gender, ethnicity, hypertension, CHF, chronic pulmonary disease, diabetes mellitus, malignant cancer, severe liver disease, and atrial fibrillation. Furthermore, the time-dependent ROC analysis was conducted to compare SIRI predictive accuracy with other blood-based inflammatory biomarkers, such as NLR, LMR, and PLR. All tests were two-sided, and p-values of <0.05 were considered significant. All statistical analyses in our study were performed using R statistical software (R version 4.2.2, R Foundation for Statistical Computing), SPSS Statistics 26 (IBM, Chicago, IL, USA), and GraphPad Prism 8 (GraphPad Software, San Diego, CA, USA).




Results


Characteristics of patients

A total of 2043 patients with AIS from the MIMIC-IV database who met the selection criteria were included in our study. Figure 1 shows the flowchart of the study cohort selection from the MIMIC-IV database. Patients were stratified based on the cutoff value calculated by the X-tile software. The optimal cutoff value of SIRI for 90-day mortality was set as 4.57, which divided all patients into two groups: low (<4.57) SIRI group (n = 1,216) and high (≥4.57) SIRI group (n = 827). The baseline characteristics of enrolled patients are briefly displayed in Table 1, including demographics, vital signs, laboratory parameters, comorbidities, and scores.


[image: Figure 1]
FIGURE 1
 Workflow chart for the patient selection process.



TABLE 1 Demographic and clinical characteristics before propensity score matching.
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As shown in Table 1, patients with high SIRI values were more likely to have higher WBC count, neutrophil percentage, monocyte percentage, platelet count, serum glucose, serum creatinine, serum sodium, serum potassium, anion gap, PT, NLR, PLR, and SOFA score. However, they had lower lymphocyte percentage, hemoglobin, LMR, thrombolysis percent, and thrombectomy percent. Furthermore, patients with high SIRI values tended to have a history of CHF, malignant cancer, and severe liver disease, while tending not to have dyslipidemia.



Relationship between the SIRI and the clinical outcomes before PSM

Compared with patients in the SIRI <4.57 group, patients with SIRI ≥4.57 were at a higher risk of prolonged ICU stay (4.0 vs. 2.9 days, p < 0.001), prolonged hospital stay (10.8 vs. 7.9 days, p < 0.001), hospital mortality (27.8 vs. 13.3%, p < 0.001), 30-day mortality (35.0 vs. 17.7%, p < 0.001), 90-day mortality (43.3 vs. 22.7%, p < 0.001), and 1-year mortality (50.3 vs. 29.9%, p < 0.001) (Table 1).

To verify the independent relationship between SIRI and the mortality of patients with AIS, we performed univariate and multivariate Cox regression analyses (Table 2), with SIRI stratified by binary and quartile. Before we performed the Cox regression analysis, the Pearson correlation coefficient was used to ensure that there was no collinearity existed between variables. The results of correlation analyses are presented in Figure 2.


TABLE 2 Univariate and multivariate Cox regression models used to study the association of SIRI with mortality in patients with AIS.
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FIGURE 2
 Correlation coefficient between the variables. A color scale represents positive correlation (in blue) to negative correlation (in red). The size of the circle represents the absolute values of correlation coefficients.


In the non-adjusted model, a high level of SIRI (≥4.57) was associated with an increased risk of 90-day (HR = 2.20, 95% CI: 1.88–2.58, p < 0.001), 30-day (HR = 2.21, 95% CI: 1.85–2.64, p < 0.001), and 1-year (HR = 2.01, 95% CI: 1.75–2.32, p < 0.001) all-cause mortality. In the multivariate model I, after adjusting for age, gender, and ethnicity, the SIRI ≥4.57 group also showed a higher risk of 90-day (HR = 2.18, 95% CI: 1.86–2.55, p < 0.001), 30-day (HR = 2.16, 95% CI: 1.81–2.58, p < 0.001), and 1-year (HR = 2.01, 95% CI: 1.75–2.32, p < 0.001) all-cause mortality. In model II, after adjusting for the variables in the model I and other possible confounders, a high SIRI level was still associated with an increased risk of 90-day (HR = 1.54, 95% CI: 1.29–1.84, p < 0.001), 30-day (HR = 1.51, 95% CI: 1.23–1.84, p < 0.001), and 1-year (HR = 1.44, 95% CI: 1.23–1.70, p < 0.001) all-cause mortality. A similar trend in these outcomes was also found using the quartile of the distribution of SIRI level (Table 2). This indicated that higher SIRI, in the third and fourth SIRI quartile, was associated with increased risk of 90-day, 30-day, and 1-year all-cause mortality in patients with AIS, without any significant difference between the first and second quartile of patients in lower SIRI level (Table 2).

The Kaplan–Meier survival curves comparing the two groups are shown in Figure 2. Patients with SIRI ≥4.57 had a significantly lower 90-day, 30-day, and 1-year survival rate compared to patients with SIRI <4.57 (56.7 vs. 77.3%, p < 0.001; 65.0 vs. 86.7%, p < 0.001; 49.7 vs. 70.1%, p < 0.001). Similarly, among the distribution quartiles of the SIRI level, Kaplan–Meier curves also showed significantly lower 90-day, 30-day, and 1-year survival rates in the third and fourth SIRI quartiles compared with the lower SIRI in the first and second quartiles (p < 0.001 for all) (Figure 3).


[image: Figure 3]
FIGURE 3
 The Kaplan–Meier survival plots of overall survival. A significantly lower 90-day (A), 30-day (B), and 1-year (C) survival rate was observed among patients in the higher SIRI (≥4.57) before PSM. It also showed significantly lower 90-day (D), 30-day (E), and 1-year (F) survival rates in the third and fourth SIRI quartiles compared with the first quartile in patients with AIS. After PSM, a similar trend in these outcomes was also found in 90-day (G), 30-day (H), and 1-year (I) overall survival. p-value was calculated by log-rank test and indicated in the plot. SIRI, systemic inflammation response index; PSM, propensity score matching.




Sensitivity analysis

As we recruited all sequences of diagnosis of patients with AIS, sensitivity analysis was conducted based on the first or non-first diagnosis of AIS to identify our outcomes. The sequence of diagnosis of patients with AIS is shown in Figure 4. To further test the robustness of our results, we performed a sensitivity analysis. In the first diagnosis of patients with AIS, a high level of SIRI (≥4.57) was associated with an increased risk of 90-day (HR =1.47, 95% CI: 1.11–1.96, p = 0.008), 30-day (HR = 1.55, 95% CI: 1.14–2.10, p =0.005), and 1-year (HR = 1.33, 95% CI: 1.03–1.72, p = 0.031) all-cause mortality. The association between SIRI and the risk of 90-day, 30-day, and 1-year all-cause mortality remained stable in those non-first sequence of diagnosis of patients with AIS (HR = 1.57, 95% CI: 1.21–2.05, p = 0.001; HR = 1.42, 95% CI: 1.05–1.93, p = 0.025; and HR = 1.55, 95% CI: 1.22–1.97, p < 0.001, respectively) (Table 3).


[image: Figure 4]
FIGURE 4
 The number of acute ischemic strokes in a different sequence of diagnosis.



TABLE 3 Sensitivity analysis of the association between SIRI and all-cause mortality in AIS patients (adjustment through multivariate Cox regression models).
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Relationship between the SIRI and clinical outcomes after PSM

Considering the imbalanced baseline characteristics between patients in the low (<4.57) SIRI group and high (≥4.57) SIRI group, we performed a 1:1 ratio PSM analysis to balance the covariate variables, and 444 pairs of score-matched patients were generated. The baseline characteristics of patients after PSM are shown in Table 4. The demographics, comorbidities, most laboratory parameters, metrics, and treatment were well-balanced between the two groups. Because the lymphocyte percentage, neutrophil percentage, monocyte percentage, NLR, LMR, and PLR directly influenced the SIRI value, we did not include them in the matched variables. Absolute standardized differences (ASD) were calculated before and after PSM to assess the quality of matching (Figure 5).


TABLE 4 Demographic and clinical characteristics after propensity score matching.
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FIGURE 5
 The absolute standardized differences for variables used to match the two groups.


After PSM, significant differences between the two groups were still observed in 90-day (39.0 vs. 28.2%, p < 0.001), 30-day (30.9 vs. 22.5%, p = 0.006), and 1-year (46.8 vs. 37.4%, p = 0.005) all-cause mortality, but not in ICU stay (3.9 vs. 3.5 days, p = 0.269), hospital stay (9.9 vs. 9.1 days, p = 0.446), and hospital mortality (21.8 vs. 16.9%, p = 0.075) (Table 4). Similarly, the results of the multivariate Cox regression analyses in patients after PSM indicated that SIRI ≥4.57 remained an independent predictor of higher 90-day (HR = 1.47, 95% CI: 1.16–1.86, p = 0.001), 30-day (HR = 1.41, 95% CI: 1.08–1.84, p = 0.011), and 1-year (HR = 1.41, 95% CI: 1.15–1.74, p = 0.001) all-cause mortality (Table 2). Additionally, the Kaplan–Meier survival curves comparing the two groups showed that after PSM, patients with SIRI ≥4.57 still had a significantly lower 90-day (61.0 vs. 71.8%, p = 0.001), 30-day (69.1 vs. 77.5%, p = 0.007), and 1-year (53.2 vs. 62.6%, p = 0.003) survival rate compared to patients with SIRI <4.57 (Figure 2).



Subgroup analysis for the effect of SIRI on clinical outcomes in patients with AIS

The subgroup analysis was performed to reveal the correlation between SIRI and 90-day all-cause mortality according to age (<70 and ≥70 years), gender, ethnicity, and comorbidities. The results showed that in all subgroups, the increase in SIRI level was closely related to the increase in the 90-day all-cause mortality of critically ill patients with AIS (Figure 6). Most of the stratification factors were not found to have a significant impact on the relationship between SIRI and 90-day all-cause mortality, except for hypertension (p = 0.023), CHF (p = 0.032), and chronic pulmonary disease (p = 0.036).


[image: Figure 6]
FIGURE 6
 Subgroup analysis for the effect of SIRI on 90-day all-cause mortality in critically ill patients with AIS.




Prognostic value of the SIRI and other parameters

We compared the prognostic efficiency of the SIRI and NLR, LMR, and PLR in patients with AIS by the time-dependent receiver operating characteristic (ROC) analysis (Figure 7). It was revealed that the performance of SIRI was better than LMR and PLR in predicting 90-day (AUC 0.629 vs. 0.405; 0.629 vs. 0.566), 30-day (AUC 0.633 vs. 0.392; 0.633 vs. 0.568), and 1-year (AUC 0.629 vs. 0.394; 0.629 vs. 0.579) all-cause mortality in patients with AIS. However, it showed a similar predictive value compared with NLR in 90-day, 30-day, and 1-year all-cause mortality in patients with AIS (AUC 0.629 vs. 0.624; 0.633 vs. 0.628; 0.629 vs. 0.618, respectively).


[image: Figure 7]
FIGURE 7
 The time-dependent ROC analysis for prognostic value in patients with acute ischemic stroke. (A) ROC curves corresponding to 90-day all-cause mortality. (B) ROC curves corresponding to 30-day all-cause mortality. (C) ROC curves corresponding to 1-year all-cause mortality.





Discussion

In this study, we investigated the association between SIRI and the risk of 90-day, 30-day, and 1-year all-cause mortality in patients with AIS in a cohort study. A PSM analysis was performed to balance the potential confounding factors. It was found that a higher SIRI could be more likely to be associated with poor outcomes in patients with AIS. Thus, the higher the SIRI level, the higher the risk of 90-day, 30-day, and 1-year mortality. The correlation remained significant after adjusting for possible confounders, stratifying according to comorbidities, and performing PSM, respectively.

Several studies have demonstrated the relevance of inflammation in the pathogenesis of ischemic stroke. First, inflammation is involved in all stages of the atherosclerotic plaque, leading to thrombotic events (19). Monocyte adherence to the vascular endothelium, migration into the arterial intima, and subsequent differentiation into foamy macrophages are the key events in early plaque initiation (20, 21). Disruption of atherosclerotic plaques, which often leads to acute ischemic stroke, is associated with monocyte/macrophage and T-cell infiltration (22). Second, inflammation plays an essential role in the pathophysiological processes of cerebral ischemic injury (5). After ischemia, circulating white cells extravasate into the brain and meninges. Neutrophils damage the brain by releasing proteases including metalloproteases (MMP-9), cathepsin G, reactive oxygen and nitrogen species, and inflammatory IL-1β (23). Monocyte-derived macrophage (MDM) influx into the ischemic brain may be important for regulating the immune response after stroke (24, 25). The third and most important factor is that acute ischemic stroke activates systemic inflammation and neurohumoral pathways, which could trigger or aggravate immune activation, immunodepression, and functional impairment of multiple peripheral organs (5, 25–29). Thus, inflammatory parameters may be associated with the outcome after AIS.

CRP concentration was first found to be an independent predictor of survival after ischemic stroke (30). Subsequently, studies have shown that various inflammatory parameters, such as activated leukocyte cell adhesion molecule (31), serum chemokines-12 (32), high-sensitivity C-reactive protein (33), E-selectin (34), Interleukin-6 (35), monocyte chemoattractant protein (36), and others, were associated with the risk of poor outcome after stroke (37). Due to the limitation of a single indicator, new biomarkers combining multiple indicators into a new predictor, such as neutrophil-lymphocyte ratio (NLR), lymphocyte-to-monocyte (LMR), and platelet-lymphocyte ratio (PLR), have been designed to investigate outcomes after AIS. Studies have shown that both NLR and PLR were independently associated with poor short-term outcomes of patients with AIS (8, 38), and low LMR was associated with worse outcomes at 3 months after stroke onset (39).

The SIRI, which combines three inflammatory indicators, is a comprehensive, easily accessible, and inexpensive marker of chronic low-grade inflammation. Moreover, it was found to be an independent prognostic indicator in cancer (14), rheumatoid arthritis (15), mechanical thrombectomy for large artery occlusion (16), and intracerebral hemorrhage (17). In our study, high SIRI levels tended to be associated with 90-day, 30-day, and 1-year adverse outcomes. There was no significant difference between the 1st and 2nd quartile, and the 4th quartile had a 2.2-fold (90-day), 2.21-fold (30-day), and 2.01-fold (1-year) higher risk of mortality compared to the 1st quartile. Therefore, we consider that higher SIRI was associated with a higher risk of mortality. In addition, the subgroup analysis results demonstrated that the association between high SIRI levels and poor 90-day mortality was stable and consistent across AIS patients with different comorbidities. We also noted that patients complicated with hypertension, CHF, and chronic pulmonary disease had a higher risk of 90-day mortality, and this risk was higher for patients with lower SIRI, which implied that SIRI may be more valuable for the prognostic evaluation of AIS patients without hypertension, CHF, or chronic pulmonary disease.

A similar association between SIRI and AIS has also been observed in recent studies (18, 40, 41). However, patients with high SIRI had a trend of increased comorbidities and higher scores for SOFA. High scores of SOFA are independently associated with high mortality. To guarantee the robustness of the findings, we used PSM to reduce the baseline differences between the two groups. After balancing the difference of score and comorbidities between the two groups by PSM analysis, patients with a high SIRI (≥4.57) still had a 1.47-fold (90-day), 1.41-fold (30-day), and 1.41-fold (1-year) higher risk of mortality compared to the low SIRI (<4.57) patients. Therefore, it is suggested that high SIRI is an independent risk factor of mortality in patients with AIS.

Although a high SIRI level was helpful in the discrimination of patients at risk of poor outcomes, the predictive performance of SIRI is only satisfactory for 90-day, 30-day, and 1-year mortality (AUC was 0.629, 0.633, and 0.629). Consequently, using a single measurement of SIRI may not be an effective tool for assessing risk following an ischemic stroke. Further evaluation strategy should be considered to prove the clinical value of SIRI among patients with acute ischemic stroke.

The main strength of our study is that it was based on large, real-world data, and we created comparable groups through group matching, thereby attempting to reduce bias due to confounding variables. There were still several limitations in this study. First, we excluded patients who had some missing important variables, such as WBC subtypes, which could have resulted in selection bias. Second, it was a single-center study, and the prognostic value of SIRI for AIS should be further confirmed in different populations and countries. Third, because of the retrospective collection of the data, variables were not evenly distributed across groups, although PSM analysis was conducted to minimize differences between the groups. Fourth, because the ICD code is a final diagnosis, super-acute complications such as stunned heart syndrome, pneumonia, or sepsis were not included in our study, which may cause a high level of SIRS index due to strongly exacerbating cerebral perfusion and tissue necrosis. Finally, in our study, SIRI only presented a satisfactory prediction ability for 90-day, 30-day, and 1-year mortality.



Conclusion

High SIRI level was correlated with poor clinical outcomes in critically ill patients with AIS and was an independent risk factor for 30-day, 90-day, and 1-year all-cause mortality. However, to confirm the role of SIRI as a predictor for the prognosis of patients with ischemic stroke, further prospective case–control studies are required.
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Characteristic Total (n = 2,043) SIRI

<4.57 (n = 1,216) >4.57 (n = 827)
Demographics
Age, years 70.4 (57.9-81.8) 69.8 (56.9-81.8) 71.3 (58.6-81.7) 0.461
Male, 11 (%) 1,029 (50.4) 625 (51.4) 404 (48.9) 0.258
Ethnicity, (%) [ 0.002
White 1,255 (61.4) 754 (62.0) 501 (60.6)
Black 239 (11.7) 162 (13.3) 77(9.3)
Others 549 (26.9) 300 (24.7) 249 (30.1)

Comorbidities

Hypertension, (%) 1,531 (74.9) 909 (74.8) 622 (75.2) 0.814
Dyslipidemia, 7 (%) [ 1,029 (50.4) 655 (53.9) 374 (45.2) <0.001
Previous stroke, (%) 249 (12.2) 159 (13.1) 90 (10.9) 0.137
CHE 1 (%) 533 (26.1) 281(23.1) 252(30.5) <0.001
PVD, n (%) ‘ 243 (11.9) 148 (12.2) 95(11.5) 0.639
Chronic pulmonary disease, 1 (%) 393 (19.2) 217 (17.9) 176 (21.3) 0.053
Diabetes mellitus, 1 (%) 683 (33.4) 413 (34.0) 270 (32.7) 0.536
Malignant cancer, 1 (%) 139 (6.8) 66 (5.4) 73 (8.8) 0.003
Severe liver disease, 1 (%) 35(1.7) 15(1.2) 20 (2.4) 0.043
Atrial fibrillation, 7 (%) 773 (37.8) 442 (36.4) 331 (40.0) 0.093

Laboratory parameters

WBC, 10°/L 104 (7.8-14.3) 8.6 (6.8-10.8) 143 (11.2-18.3) <0.001
Neutrophils percent, % 79.8 (69.2-86.0) 73.0 (64.1-81.6) 85.0 (80.8-89.2) <0.001
Lymphocytes percent, % 12 (7.2-19.6) 18.0 (12.2-25.2) 6.8 (4.5-9.9) <0.001
Monocytes percent, % 5.6(3.8-7.9) 5.5(3.7-7.8) 5.8 (4.0-8.0) 0.019
Platelets, 10°/L. 221.0 (169.0-284.0) 217.0 (169.0-277.5) 230.0 (171.0-294.0) 0.013

Hemoglobin, g/dl 12.5 (10.8-13.9) 12.6 (11.0-13.9) 12.2 (10.5-13.9) 0.016

Serum glucose, mg/dl 126.8 (106.7-159.6) 123.0 (103.9-152.9) 134.1 (111.0-169.6) <0.001
Serum creatinine, mg/dl 1.0 (0.8-1.5) 1.0 (0.8-1.3) 1.1(0.8-1.7) <0.001
Serum sodium, mmol/L 141.0 (138.0-143.0) 140.0 (138.0-143.0) 141.0 (138.0-144.0) 0.033

Serum potassium, mmol/L 4.3 (4.0-4.8) 4.3 (4.0-4.7) 4.4 (4.0-4.9) 0.011

Anion gap, mmol/L | 16.0 (14.0-19.0) 15.0 (13.0-18.0) 17.0 (15.0-20.0) <0.001
PT, second | 13.2 (11.9-15.5) 13.0 (11.8-14.9) 13.8 (12.2-16.3) <0.001
PTT, second 30.5 (27.1-39.0) 30.5 (27.1-38.3) 30.6 (27.0-40.6) 0.625

NLR | 6.7 (3.6-11.7) 4.1 (2.6-6.6) 12.6 (8.4-19.5) <0.001
LMR 23(1.4-36) 32 (2.4-4.8) 12(0.8-1.7) <0.001
PLR | 174.7 (113.7-272.5) 144.1 (99.3-215.0) 238.9 (153.6-377.2) <0.001
SIRI 3.6(1.7-7.7) 1.9 (1.2-3.0) 9.1(6.2-14.9) <0.001
Scores

SOFA 4(2-7) 3(2-6) 5(3-8) <0.001
GCS 15 (14-15) 15 (14-15) 15 (14-15) 0.063

Treatment

Thrombolysis, 7 (%) 73 (3.57) 56 (4.6) 17 2.1) 0.003

Thrombectomy, n (%) 35(1.7) 30(2.5) 5(0.6) 0.001

Clinical Outcomes

LOS ICU, day 33 (1.7-72) 2.9 (1.6-6.6) 40(1.9-8.3) <0.001
LOS hospital, day 8.8 (46-16.9) 7.9 (4.0-15.1) 10.8 (5.7-18.8) <0.001
Hospital mortality, n (%) 392(19.2) 162 (13.3) 230 (27.8) <0.001
30-day mortality, 1 (%) 504 (24.7) 215(17.7) 289 (35.0) <0.001
90-day mortality, n (%) 634 (31.0) 276 (22.7) 358 (43.3) <0.001
1-year mortality, n (%) 779 (38.1) 363 (29.9) 416 (50.3) <0.001

SIRI, Systemic Inflammation Response Index; CHE, Congestive heart failure; PVD, Peripheral vascular disease; WBC, white blood cell; PT, prothrombin time; APTT, activated partial
thromboplastin time; NLR, Neutrophil-to-Lymphocyte Ratio; LMR, Lymphocyte-to-Monocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio; SOFA, Sequential Organ Failure Assessment;
GCS, Glasgow coma scale; LOS ICU, Length of ICU stay; LOS hospital, Length of hospital stay.
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Characteristic

Total (n = 888)

<4.57 (n = 444) >4.57 (n = 444)
Demographics
Age, years 71.5 (58.6-82.8) 71.8 (58.2-84.2) 71.1 (58.8-81.6) 0.245
Male, 7 (%) 454 (51.1) 231 (52) 223 (50.2) 0.638
Ethnicity, n (%) 0916
White 546 (61.5) 276 (62.2) 270 (60.8)
Black 91(10.2) 45 (10.1) 46 (10.4)
Others 251 (28.3) 123 (27.7) 128 (28.8)
Comorbidities
Hypertension, 1 (%) 685 (77.1) 342 (77) 343 (77.3) 1.000
Dyslipidemia, 1 (%) 445 (50.1) 217 (48.9) 228 (51.4) 0.502
Previous stroke, 11 (%) 95 (10.7) 43(9.7) 52(11.7) 0.385
CHE 1 (%) 253 (28.5) 128 (28.8) 125(28.2) 0.882
PVD, 7 (%) 103 (11.6) 51(11.5) 52(11.7) 1.000
Chronic pulmonary disease, 1 (%) 185 (20.8) 94 (21.2) 91(20.5) 0.869
Diabetes mellitus, 7 (%) 295 (33.2) 146 (32.9) 149 (33.6) 0.887
Malignant cancer, 7 (%) 58 (6.5) 31(7) 27 (6.1) 0.684
Severe liver disease, 1 (%) 14 (1.6) 6(1.4) 8(1.8) 0.788
Atrial fibrillation, 7 (%) 371 (41.8) 190 (42.8) 181 (40.8) 0586
Laboratory parameters
WBC, 109/L 11.6 (9.6-13.8) 116 (9.3-13.7) 11.8 (9.7-13.9) 0.169
Neutrophils percent, % 81.7 (75.0-86.8) 77.9 (69.8-84.0) 84.0 (79.6-88.5) <0.001
Lymphocytes percent, % 10.4 (6.8-15.6) 15.0 (10.8-20.4) 7.5 (5.0-10.1) <0.001
Monocytes percent, % 5.2(3.5-7.6) 4.2 (2.9-6.2) 6.2 (4.3-8.6) <0.001
Platelets, 109/L 223.5 (168.5-288.5) 223.0 (173.0-291.0) 224.0 (167.0-285.0) 0.612
Hemoglobin, g/dl 12.4 (10.6-13.9) 12.4 (10.6-13.8) 12.3 (10.7-14.0) 0.764
Serum glucose, mg/dl 128.8 (107.7-160.8) 128.1 (109.3-160.3) 129.0 (107.2-161.2) 0.863
Serum creatinine, mg/dl 1.1(0.8-1.6) 1.1 (0.8-1.6) 1.1(0.8-1.6) 0.685
Serum sodium, mmol/L 141.0 (138.0-143.0) 141.0 (138.0-143.0) 140.0 (138.0-143.0) 0.636
Serum potassium, mmol/L 4.3 (4.0-4.8) 4.3 (4.0-4.8) 4.3 (4.0-4.9) 0.98
Anion gap, mmol/L 16.0 (14.0-19.0) 16.0 (14.0-19.0) 16.0 (14.0-19.0) 0.358
PT, second 13.4 (12.0-15.5) 13.5 (12.0-15.7) 13.4 (12.1-154) 0.653
PTT, second 30.1 (26.6-36.7) 30.2 (26.8-36.6) 29.9 (26.4-36.9) 0.501
NLR 7.8 (4.8-12.7) 5.1(34-7.8) 112 (7.8-17.6) <0.001
LMR 2.0(1.2-34) 3.4 (2.6-4.9) 1.2 (0.9-1.6) <0.001
PLR 181.2 (117.2-300.9) 132.3 (85.7-199.3) 253.9 (170.7-412.5) <0.001
SIRI 4.6 (2.6-7.4) 2.6 (1.7-3.6) 7.4 (5.7-11.2) <0.001
Scores
SOFA 4.0 (2.5-7.0) 4.0 (2.0-7.0) 4.0 (3.0-7.0) 0.942
GCs 15.0 (14.0-15.0) 15.0 (14.0-15.0) 15.0 (14.0-15.0) 0.894
Treatment
‘Thrombolysis, (%) 23(2.6) 11(2.5) 12(2.7) 1.000
Thrombectomy, 1 (%) 8(0.9) 4(0.9) 4(0.9) 1.000
Clinical Outcomes
LOS ICU, day 3.7 (1.8-7.4) 3.5(1.7-7.3) 3.9 (1.9-7.5) 0.269
LOS hospital, day 9.7 (5.0-17.7) 9.1 (4.9-17.6) 9.9 (54-17.8) 0.446
Hospital mortality, n (%) 172 (19.4) 75 (16.9) 97 (21.8) 0.075
30-day mortality, n (%) 237(26.7) 100 (22.5) 137 (30.9) 0.006
90-day mortality, n (%) 298 (33.6) 125(28.2) 173 (39) <0.001
1-year mortality, (%) 374 (42.1) 166 (37.4) 208 (46.8) 0.005

SIRI, Systemic Inflammation Response Index; CHE, Congestive heart failure; PVD, Peripheral vascular disease; WBC, white blood cell; PT, prothrombin time; APT', activated partial
thromboplastin time; NLR, Neutrophil-to-Lymphocyte Ratio; LMR, Lymphocyte-to-Monocyte Ratios PLR, Platelet-to-Lymphocyte Ratio; SOFA, Sequential Organ Failure Assessment;
GCS, Glasgow coma scale; LOS ICU, Length of ICU stay; LOS hospital, Length of hospital stay.
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Case, n (%) Univariate Multivariate

HR (95% Cl) p-value HR (95% CI) p-value

90-day all cause mortality

The first sequence of diagnosis of AlS

SIRI (=4.57) 370 (32.5) 2.26 (1.81-2.83) <0.001 1.47 (1.11-1.96) 0.008

Non-first sequence of diagnosis of AlS

SIRI (4.57) 457 (50.4) 199 (1.59-2.49) <0.001 1,57 (1.21-2.05) 0.001

30-day all cause mortality

The first sequence of diagnosis of AIS

SIRI (=4.57) 370 (32.5) 2.52(1.97-3.22) <0.001 1.55 (1.14-2.10) 0.005

Non-first sequence of diagnosis of AlS

SIRI (=4.57) 457 (50.4) 1.87 (1.44-2.42) <0.001 1.42 (1.05-1.93) 0.025

1-year all cause mortality

The first sequence of diagnosis of AIS

SIRI (24.57) 370 (32.5) 199 (1.63-2.45) <0.001 1.33 (1.03-1.72) 0031

Non-first sequence of diagnosis of AlS

SIRI (24.57) 457 (50.4) 1.86 (1.52-2.27) <0.001 1.55 (1.22-1.97) <0.001

Non-adjusted model was adjusted for none.

Adjusted model was adjusted for age, gender, ethnicity, hypertension, congestive heart failure, chronic pulmonary disease, diabetes mellitus, malignant cancer, severe liver disease,
atrial fibrillation, white blood cell, hemoglobin, serum creatinine, serum sodium, serum potassium, anion gap, prothrombin time, activated partial thromboplastin time, thrombolysis,
and thrombectomy.

SIRI, Systemic Inflammation Response Index; HR, hazard ratio; CI, confidence interval; AIS, acute ischemic stroke.
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Clinical outcome Non-adjusted Model | Model Il

HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value

90-day all-cause mortality

Before PSM

SIRI (>4.57) 2.20 (1.88-2.58) <0.001 2.18 (1.86-2.55) <0.001 1.56 (1.30-1.89) <0.001

SIRI (quartile)

<2.59 1 1 1

2.59-4.57 1.02 (0.78-1.32) 0.895 1.02 (0.79-1.33) 0.859 1.00 (0.77-1.31) 0.994

4.57-7.30 1.70 (1.34-2.16) <0.001 171 (1.34-2.17) <0.001 1.41 (1.10-1.81) 0.008

>7.30 2,53 (2.02-3.17) <0.001 254 (2.02-3.18) <0.001 1.66 (1.26-2.19) <0.001
p for trend <0.001 <0.001 <0.001
After PSM

SIRI (24.57) 1.46 (1.16-1.84) 0.001 1.50 (1.19-1.89) 0.001 1.47 (1.16-1.86) 0.001

30-day all-cause mortality

Before PSM

SIRI (24.57) 221 (1.85-2.64) <0.001 216 (1.81-2.58) <0.001 1.54 (125-1.90) <0.001

SIRI (quartile)

<259 1 1 1

2.59-4.57 0.96 (0.71-1.29) 0.772 0.95 (0.71-1.28) 0.760 0.94 (0.69-1.27) 0.683
4.57-7.30 1.6 (1.27-2.17) <0.001 1.63 (1.25-2.13) <0.001 1.35 (1.02-1.79) 0.036
>7.30 247 (1.92-3.18) <0.001 2.43(1.88-3.13) <0.001 1.58 (1.16-2.14) 0.004
p for trend <0.001 <0.001 0.002
After PSM

SIRI (=4.57) 1.42 (1.10-1.84) 0.007 1.46 (1.12-1.89) 0.004 1.41 (1.08-1.84) 0.011

1-year all-cause mortality

Before PSM

SIRI (24.57) 2,01 (1.75-2.32) <0.001 201 (1.75-2.32) <0.001 1.4 (1.23-1.70) <0.001

SIRI (quartile)

<259 1 1 1

2.59-4.57 0.96 (0.76-1.21) 0.717 0.97 (0.77-1.22) 0.781 0.95 (0.75-1.20) 0.647
4.57-7.30 1.60 (1.29-1.97) <0.001 1.62 (1.31-1.99) <0.001 1.37 (1.09-1.71) 0.006
>7.30 2.27 (1.86-2.77) <0.001 2.30(1.88-2.82) <0.001 1.58 (1.23-2.02) <0.001
p for trend <0.001 <0.001 <0.001
After PSM

SIRI (=4.57) 1.35 (1.10-1.66) 0.004 140 (1.14-1.72) 0.001 1.41 (1.15-1.74) 0.001

Non-adjusted model was adjusted for none.

Model I was adjusted for age, gender; and ethnicity.

Model IT was adjusted for age, gender, ethnicity, hypertension, congestive heart failure, chronic pulmonary disease, diabetes mellitus, malignant cancer, severe liver disease, atrial fibrillation,
white blood cell, hemoglobin, serum creatinine, serum sodium, serum potassium, anion gap, prothrombin time, activated partial thromboplastin time, thrombolysis, and thrombectomy.
SIRI, Systemic Inflammation Response Index; HR, hazard ratio; CI, confidence interval; PSM, propensity score matching; AIS, acute ischemic stroke.









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Neurology





