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Systemic Immune-Inflammation Index Predicts Contrast-Induced Acute Kidney Injury in Patients Undergoing Coronary Angiography: A Cross-Sectional Study
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Background and Aims: Systemic immune-inflammation index (SII) is an emerging indicator and correlated to the incidence of cardiovascular diseases. This study aimed to explore the association between SII and contrast-induced acute kidney injury (CI-AKI).

Methods: In this retrospective cross-sectional study, 4,381 subjects undergoing coronary angiography (CAG) were included. SII is defined as neutrophil count × platelet count/lymphocyte count. CI-AKI was determined by the elevation of serum creatinine (Scr). Multivariable linear and logistic regression analysis were used to determine the relationship of SII with Scr and CI-AKI, respectively. Receiver operator characteristic (ROC) analysis, structural equation model analysis, and subgroup analysis were also performed.

Results: Overall, 786 (17.9%) patients suffered CI-AKI after the intravascular contrast administration. The subjects were 67.1 ± 10.8 years wold, with a mean SII of 5.72 × 1011/L. Multivariable linear regression analysis showed that SII linearly increased with the proportion of Scr elevation (β [95% confidence interval, CI] = 0.315 [0.206 to 0.424], P < 0.001). Multivariable logistic regression analysis demonstrated that higher SII was associated with an increased incidence of CI-AKI ([≥12 vs. <3 × 1011/L]: odds ratio, OR [95% CI] = 2.914 [2.121 to 4.003], P < 0.001). Subgroup analysis showed consistent results. ROC analysis identified a good predictive value of SII on CI-AKI (area under the ROC curve [95% CI]: 0.625 [0.602 to 0.647]). The structural equation model verified a more remarkable direct effect of SII (β = 0.102, P < 0.001) on CI-AKI compared to C-reactive protein (β = 0.070, P < 0.001).

Conclusions: SII is an independent predictor for CI-AKI in patients undergoing CAG procedures.
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INTRODUCTION

Coronary artery disease (CAD) is a very common cardiovascular disease and remains the major cause of mortality worldwide (1). The interventional strategies especially coronary angiography (CAG) and percutaneous coronary intervention (PCI) greatly improve clinical outcomes of CAD patients (2). However, the complications of CAG or PCI pose a significant challenge in clinical practice (3).

Contrast-induced acute kidney injury (CI-AKI) is an iatrogenic acute renal dysfunction resulting from the injection of iodinated contrast agents and becomes the third leading cause of acute kidney injury (AKI) (4). In accordance with European Society of Urogenital Radiology (ESUR), the definition of CI-AKI is that the serum creatinine (Scr) levels elevate more than 44.2 μmol/L (0.5 mg/dl) or 25% from baseline within 72 h after administration of contrast media (5, 6). The incidence of CI-AKI is reportedly high worldwide and varies from 4.4 to 22.1% according to different definitions (7). Various risk factors, including diabetes, heart failure severity, anemia, renal dysfunction and circulatory insufficiency, have been identified to promote the occurrence of CI-AKI (8–10). Of the various factors associated with the CI-AKI, inflammation has been demonstrated to be an important risk factor and inflammation-based predictors can effectively determine high-risk CI-AKI (11, 12).

Many inflammatory markers, including C-reaction protein (CRP), platelet (PLT) and neutrophil-lymphocyte ratio (NLR) have been found to be related to the incidence of CI-AKI (13). However, when only focus on individual parameters, these biomarkers might become unstable and are often impacted by other confounding factors (14). Nowadays, the systemic immune-inflammation index (SII), a simple and comprehensive indicator, has been put forward (15). Based on three inflammatory biomarkers, including PLT, neutrophils and lymphocytes, SII comprehensively reflects the inflammatory and immune status of patients at the same time (16). SII index has been of common use to predict the incidence and evaluate the prognosis of various cancers (17). Recently, researches also demonstrated that SII was associated with the clinical prognosis in CAD patients after coronary intervention (18). However, the association between SII and the CI-AKI risk remains undetermined. Therefore, this retrospective cross-sectional study was conducted to explore the relationship of SII index with CI-AKI in CAD patients who underwent CAG or PCI.



MATERIALS AND METHODS


Study Design and Setting

The present study utilized a retrospective cross-sectional design and strictly followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guideline (19). From December 2006 to December 2019, 11,028 consecutive individuals who underwent selective CAG or PCI at Sir Run Run Shaw Hospital and its medical consortium hospitals were eligible for screening. Individuals must meet the following inclusion criteria: (1) patients with available systemic immune-inflammation index (SII) at baseline; (2) patients with recorded Scr at baseline and within 72 h following contrast exposure; (3) patients with complete data of demographics, laboratory data and therapeutic interventions. Exclusion criteria were listed as following: (1) patients suffering repeated exposure of contrast agent during hospitalization; (2) patients with active kidney disease (e.g., glomerular nephritis, nephrotic syndrome); (3) patients with clinically apparent infectious diseases on admission and during hospitalization; (4) patients with malignant tumor at baseline; (5) patients with preprocedure estimated glomerular filtration rate (eGFR) <15 ml/min/1.73 m2; (6) patients who died within 30 days after PCI. Finally, 4,381 subjects were included in the present study (Figure 1). The study adhered to the Declaration of Helsinki and received ethical approval from the independent Ethics Committee of Sir Run Run Show Hospital (NO.20201217-36).


[image: Figure 1]
FIGURE 1. Flowchart of inclusion and exclusion of study population. PCI indicates percutaneous coronary intervention; eGFR, estimated glomerular filtration rate.




Data Collection and Definitions

All demographic features and clinical data of patients were obtained from the Hospital Information System (HIS), including age, sex, weight status, comorbidities, past medical history, current medications and CAG or PCI procedure-related data.

All the blood biochemical tests were performed by clinical laboratory technicians in hospital certificated laboratory and the results were documented. Peripheral PLT, neutrophil (N), and lymphocyte (L) counts were measured by Automatic Blood Cell Counter (XE-2100, Sysmex, Kobe, Japan). SII was calculated as: SII = PLT × N/L (16).

The baseline Scr concentrations were measured on admission for all patients. The postoperative Scr was measured at least three times within 72 h and the highest recorded value was used for analysis. In accordance with the European Society of Urogenital Radiology (ESUR), CI-AKI is defined as an increase in Scr level ≥ 0.5 mg/dl (44.2 μmol/L) or 25% from baseline within 72 h after administration of contrast agents (5, 6).



Statistical Analysis

Categorical variables were presented as counts (percentage) and were compared by the Chi-square test or Fisher's exact test. Continuous variables were presented as mean ± standard deviate (SD) and compared by Student t-test if distributing normally, while continuous variables were presented as median (interquartile range) and compared by Mann-Whitney U-test if distributing non-normally.

The association between preoperative SII scores and the proportion of elevated Scr was validated by multivariable linear regression analysis. The relationship of SII with CI-AKI was determined by multivariable logistic regression analysis and visualized by restricted cubic spline (RCS) curve. Tests for trend (P for tend) were also conducted by treating the ordered SII categories (<3, 3-6, 6-9, 9-12, and ≥12 × 1011/L) as a continuous variable in the logistic regression models. The covariates incorporated in multivariate regression models all had great clinical significance of CI-AKI, which were verified by previous studies (20). Receiver operator characteristic (ROC) analysis with Youden index, by using R package “ROCit,” was set to determine the optimal cut-off point of SII, and evaluate the predictive performance of SII on CI-AKI. Structural equation modeling was performed to compare the effects of different inflammatory indicators on CI-AKI. Finally, exploratory analysis was performed among prespecified subgroups.

The two-tailed P-value < 0.05 was of statistical significance. All the analysis were conducted with SPSS version 22.0 (SPSS Inc, Chicago, USA), AMOS version 21.0 (SPSS Amos; IBM, Chicago, IL, USA) and R version 4.0.5 (The R Foundation for Statistical Computing, Vienna, Austria).




RESULTS


Population Characteristic and Population Distribution

Totally, 4,381 patients undergoing CAG or PCI were eventually included in this study. Table 1 presented the baseline demographics and clinical parameters of enrolled patients. The mean age was 67.1 years old and 66% were male. Among these, 786 subjects suffered from CI-AKI after CAG or PCI. Patients in CI-AKI group had a greater burden of diabetes mellitus (28.2 vs. 23.3%, P = 0.004), and tended to receive more beta-blocker, while less statin and aspirin (all P < 0.05). Besides, these subjects had aw higher level of CRP and Scr elevation, while a lower level of total cholesterol, high density lipoprotein and triglyceride (all P < 0.05). The difference in contrast volume was not significant between groups (80.0 [51.3, 140.0] mg vs. 80.0 [50.0, 130.0] mg, P = 0.258). However, CI-AKI patients had a higher level of SII before CAG or PCI procedure (7.66 [4.48, 14.81] × 1011/L vs. 5.41 [3.60, 8.75] × 1011/L, P < 0.001).


Table 1. Baseline characteristics of patients according to SII and CI-AKI.
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Then, patients were stratified into five distinct categories based on SII scores at equal intervals (predefined cut points: <3, 3-6, 6-9, 9-12, ≥12 × 1011/L). The relationship of SII categories with the incidence of CI-AKI was depicted in Figure 2A. As the increase of SII index, the incidence rate of CI-AKI increased correspondingly.


[image: Figure 2]
FIGURE 2. The population distribution histogram, restricted cubic spline analysis and receiver operating characteristic curve. (A) The population distribution of the incidence of CI-AKI according to SII. The gold dashed line depicts the changing trend in incidence of CI-AKI. Left axis, population count (persons); right axis, incident rate of CI-AKI (%). (B) Restricted cubic spline analysis for exploring the non-linear association between SII and CI-AKI. The solid blue line shows the adjusted odds ratio of SII for CI-AKI, and the shaded area around the solid line indicates 95% confidence interval of the curve. (C) Receiver operating characteristic curve of SII for CI-AKI. According to the maximum Youden index, the optimal cut-off value was evaluated and pointed out in the figure. CI-AKI indicates contrast-induced acute kidney injury; SII, systemic immune-inflammation index; AUC indicates area under the curve; CI, confidence interval.




The Association Between Preoperative SII and the Proportion of Scr Elevation

The univariable and multivariable linear regression analysis were conducted to identify the association between SII and the proportion of Scr elevation (Table 2). The fully adjusted regression model demonstrated that the increased SII scores were closely associated with higher levels of Scr elevation (β = 0.315, 95% CI: [0.206 to 0.424], P < 0.001), after adjusting age, sexw, diabetes, hypertension, eGFR, type and volume of contrast agent, EF, CRP, and medications (statin, furosemide injection and dopamine).


Table 2. Linear regression analyses of SII on the proportion of elevated Scr.
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The Association Between Preoperative SII and the Occurrence of CI-AKI

Logistic regression analysis was conducted to determine the relationship of SII with the risk of CI-AKI (Table 3). Model 1 demonstrated that higher SII scores were associated with higher risk for CI-AKI when compared to the reference, especially in 6-9, 9-12, and ≥12 × 1011/L groups ([6-9 vs. <3]: OR = 1.183, 95% CI [0.897 to 1.560], p = 0.037; [9-12 vs. <3]: OR = 1.791, 95% CI [1.247 to 2.572], P = 0.002; [≥12 vs. <3]: OR = 2.914, 95% CI [2.121 to 4.003], P < 0.001). After further adjusted and fully adjusted, Model 2 and Model 3 also showed similar results (all P for trend < 0.001). Furthermore, restricted cubic spline (RCS) model with multiple adjustment was conducted to visualize the relationship between SII and the incidence of CI-AKI (Figure 2B). The results revealed an underlying non-linear relationship that the curve was relatively flat, until SII reached around 6 × 1011/L and then began to rise significantly, which was similar to the result of logistic regression (P for non-linearity < 0.001).


Table 3. Logistic regression analyses of SII on the CI-AKI.
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The Assessment of Predictive Ability of SII for CI-AKI

Receiver operating characteristic (ROC) curve was plotted to assess the clinical diagnostic performance of SII on CI-AKI (Figure 2C). ROC curve analysis identified the optimal predictive cut-off value of SII index (cut-off value = 8.63 × 1011/L, Youden index = 0.198, AUC [95% CI]: 0.625 [0.602 to 0.647]), which exhibited a satisfactory diagnostic performance.



The Structural Equation Model Analysis of SII for CI-AKI

We hypothesized that the direct effect of SII on the incidence of CI-AKI would be stronger when compared with other single inflammatory indicators. To examine the relationship of different inflammatory indicators with CI-AKI, structural equation modeling analysis was conducted (Figure 3; Table 4). The results showed that, compared with NLR (β = 0.096, P < 0.001) and PLT (β = −0.035, P = 0.030), SII has the most strongly positive association with the incidence of CI-AKI. More importantly, the results also found that the preoperative SII had a closer relationship of CI-AKI than CRP (β = 0.070, P < 0.001).


[image: Figure 3]
FIGURE 3. Structural equation model diagram. The structural equation model diagram depicted the relationship between variables by the solid arrows (valid paths). Standardized regression coefficients are presented beside solid arrows. Asterisks indicate the significance levels: (*) P < 0.05; (**) P < 0.01; (***) P < 0.001. The direction (causality) and the degree of correlation of the mutual impacts of the variables are reflected by the direction and thickness of the arrows. SII indicates systemic immune-inflammation index; CI-AKI, contrast-induced acute kidney injury; CRP, C-reaction protein; NLR, neutrophil to lymphocyte ratio; PLT, platelet.



Table 4. Results of structural equation modeling analysis.
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The Exploratory Analysis

The exploratory analysis was performed in subgroups (Figure 4), according to eGFR [ <60 or ≥60 ml/(min × 1.73 m2)], age (<70 or ≥70 yrs.), gender (male or female), exposure volume of contrast agent (<100 or ≥100 mg), and type of contrast agent (hypotonic or isotonic). The higher risk of CI-AKI with higher levels of SII scores, as compared with the reference group, was consistent across all major subgroups (P for trend < 0.001 for all subgroups).


[image: Figure 4]
FIGURE 4. Forest plots of SII for CI-AKI in prespecified subgroups. Patients are dichotomized according to eGFR [ <60 or ≥60 ml/ (min × 1.73 m2)], age (<70 or ≥70 yrs.), gender (male or female), exposure volume of contrast agent (<100 or ≥100 mg), and type of contrast agent (hypotonic or isotonic). The increasing trends in the CI-AKI risk with the increase of SII scores were consistent across all subgroups comparing with the main finding (all P for trend < 0.001). Multivariable logistic regression in subgroups adjusted the same covariates of Model 3 in Table 3. SII indicates systemic immune-inflammation index; CI-AKI, contrast-induced acute kidney injury; eGFR, estimated glomerular filtration rate.





DISCUSSION

This multicentric retrospective study demonstrated that preoperative elevated SII index was an independent risk factor for the incidence of CI-AKI in CAD patients undergoing CAG or PCI. The preoperative SII index was linearly associated with the elevation of Scr levels. ROC analysis determined the great predictive value of SII for CI-AKI risk. Exploratory analysis also showed similar results in subgroups. More importantly, SII might be the optimal inflammatory indicator to predict the incidence of CI-AKI when not only compared with single NLR and PLT, but also compared with CRP.

Inflammation is well established to contribute to the incidence and progression of multiple diseases (21). Besides, inflammation is also considered as one of the basic mechanisms of CI-AKI, playing a vital role in both initial and subsequent stages of CI-AKI (22). Various inflammatory indicators including CRP, NLR and PLT are found to be closely related to the incidence of CI-AKI (23). Recently, SII, based on neutrophils, lymphocytes and platelets, has been developed as an integrated marker of systemic inflammation (16). Hu et al. firstly reported that SII was a powerful prognostic marker for patients with hepatocellular carcinoma (15). Nowadays, SII has been widely used as a predictive and prognostic indicator in multiple diseases, involving cancers, cardiovascular diseases and kidney diseases (24, 25). Xu et al. reported that SII was associated with acute kidney injury in individuals with hepatocellular carcinoma after hepatectomy (26). Bagci et al. and Kelesoglu et al. also reported that SII was one of the independent predictors of CI-AKI in patients with ST elevation myocardial infarction (STEMI) and non-STEMI, respectively (27, 28). Similar to prior studies, this study also demonstrated that SII was independently associated with CI-AKI risk in patients with CAD and suffering CAG or PCI.

Based on a large-sample dataset, SII seems to be an ideal indicator to identify high-risk CI-AKI patients before CAG/PCI procedure. On the one hand, compared to NLR, SII is a combination of NLR and PLR, which can more comprehensively evaluate the relationship between CI-AKI and inflammation and therefore can provide additional value (29). Studies have demonstrated that SII is a stronger inflammatory marker than NLR or PLR alone with a higher prognostic value (30). On the other hand, structural equation model identified that SII was most strongly associated with the risk of CI-AKI when compared with single NLR, PLT and CRP, which indicated that SII might be a greater indicator to reflect patients' inflammatory status and resulted in increased prediction accuracy of CI-AKI.

The pathogenesis of CI-AKI remains unclear and multifactorial, mainly involving renal vasoconstriction, oxidative stress due to renal medullary hypoxia and direct cytotoxic effects of contrast agents (7, 31). All the factors can result in an inflammatory state (32). As a derived index, high SII score suggests an elevated inflammatory status and decreased immune system. It is of great significance to better understand the combined roles of platelets, neutrophils and lymphocytes to help clarify the association between CI-AKI and SII index. The possible mechanisms between SII and CI-AKI may be speculated as follows. First, inflammation is a prethrombotic state and has been widely recognized to cause thrombosis (33). Not only can endothelial injury state followed by inflammation result in a prothrombotic microvascular environment in kidney vessels, but inflammation cells can downregulate crucial anticoagulant substances to promote microvascular thrombosis (14). Under this inflammatory condition, platelets can be activated by a wide array of inflammatory mediators, such as chemokines, secreted proteins and microRNAs (34). The combined effects of activated coagulant system and downregulated anticoagulant mechanisms therefore cause the elevated platete levels and increase the risk of CI-AKI. Second, experimental researches have reported that the unbalance of inflammatory cells, especially increased neutrophils and decreased lymphocytes, participate in the pathological process of kidney injury (35). The hyperstimulation of neutrophils will lead to the increase of vascular permeability and injured endothelial function (36, 37). Lymphocytopenia results in abnormal immune function, which contribute considerably to the development of renal tissue damage (38). Accordingly, inflammatory surveillance may be beneficial to early identify and prevent the occurrence of CI-AKI during invasive procedures. Third, oxidative stress contributes mainly to the incidence of CI-AKI (39). Enhanced oxidative stress can accentuate the inflammatory cell infiltration and promote an inflammatory state that, in turn, is strictly interconnected with CI-AKI risk (40).

This study also had several limitations that require attention. Firstly, this was a retrospective and observational study and the inherent bias was unavoidable. Therefore, large prospective research should be conducted to support our findings. Secondly, as a multicenter study, there might be differences in detection mode and the abilities of operators, which could lead to bias and error. Thirdly, this study evaluated the inflammatory status of patients upon admission. Medications during hospitalization could affect clinical parameters and haemograms of patients, which might influence the incidence and progression of CI-AKI.

In conclusion, this study demonstrated that in CAD patients who underwent CAG or PCI, preoperative elevated SII index was an independent risk factor of CI-AKI and might be a greater inflammatory indicator in predicting the incidence of CI-AKI than CRP.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethics Committee of Sir Run Run Show Hospital. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

WZ and SX conceived and designed the study. WZ provided the administrative support to this study. HJ organized these data and drafted the manuscript with the help of DL, TX, ZC, YS, and LZ. HJ and DL analyzed the data. ZC drew the pictures. WZ, SX, YL, and GF detected any errors in the whole process. All authors have written and approved the manuscript for submission.



FUNDING

This work was supported by grants from the National Natural Science Foundation of China (Nos. 82070408 and 81800212), the Medical Health Science and Technology Project of Zhejiang Provincial Health Commission (No. 2021RC014), and the Traditional Chinese Medicine Science and Technology Project of Zhejiang Province (No. 2021ZB172).



ACKNOWLEDGMENTS

This work was supported by Sir Run Run Shaw Hospital and The Fourth Affiliated Hospital of Zhejiang University School of Medicine, and we would like to sincerely thank all staff involved.



ABBREVIATIONS

CAD, coronary artery disease; CAG, coronary angiography; PCI, percutaneous coronary intervention; CI-AKI, contrast-induced acute kidney injury; AKI, acute kidney injury; CRP, C-reaction protein; PLT, platelet; NLR, neutrophil to lymphocyte ratio; SII, systemic immune-inflammation index; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; HIS, hospital Information System; PLT, peripheral platelet; ARB, angiotensin receptor antagonists; STEMI, ST elevation myocardial infarction.



REFERENCES

 1. Rochitte CE, George RT, Chen MY, Arbab-Zadeh A, Dewey M, Miller JM, et al. Computed tomography angiography and perfusion to assess coronary artery stenosis causing perfusion defects by single photon emission computed tomography: the CORE320 study. Eur Heart J. (2014) 35:1120–30. doi: 10.1093/eurheartj/eht488

 2. Hong YJ, Jeong MH, Choi YH, Ko JS, Lee MG, Kang WY, et al. Impact of plaque components on no-reflow phenomenon after stent deployment in patients with acute coronary syndrome: a virtual histology-intravascular ultrasound analysis. Eur Heart J. (2011) 32:2059–66. doi: 10.1093/eurheartj/ehp034

 3. McCullough PA, Choi JP, Feghali GA, Schussler JM, Stoler RM, Vallabahn RC, et al. Contrast-induced acute kidney injury. J Am Coll Cardiol. (2016) 68:1465–73. doi: 10.1016/j.jacc.2016.05.099

 4. Kim JE, Bae SY, Ahn SY, Kwon YJ, Ko GJ. The role of nuclear factor erythroid-2-related factor 2 expression in radiocontrast-induced nephropathy. Sci Rep. (2019) 9:2608. doi: 10.1038/s41598-019-39534-2

 5. Stacul F, van der Molen AJ, Reimer P, Webb JA, Thomsen HS, Morcos SK, et al. Contrast induced nephropathy: updated ESUR contrast media safety committee guidelines. Eur Radiol. (2011) 21:2527–41. doi: 10.1007/s00330-011-2225-0

 6. Fähling M, Seeliger E, Patzak A, Persson PB. Understanding and preventing contrast-induced acute kidney injury. Nat Rev Nephrol. (2017) 13:169–80. doi: 10.1038/nrneph.2016.196

 7. Eng J, Wilson RF, Subramaniam RM, Zhang A, Suarez-Cuervo C, Turban S, et al. Comparative effect of contrast media type on the incidence of contrast-induced nephropathy: a systematic review and meta-analysis. Ann Intern Med. (2016) 164:417–24. doi: 10.7326/M15-1402

 8. Zungur M, Gul I, Tastan A, Damar E, Tavli T. Predictive value of the mehran score for contrast-induced nephropathy after transcatheter aortic valve implantation in patients with aortic stenosis. Cardiorenal Med. (2016) 6:279–88. doi: 10.1159/000443936

 9. Zhou Q, Wang X, Shao X, Wang H, Liu X, Ke X, et al. Tert-butylhydroquinone treatment alleviates contrast-induced nephropathy in rats by activating the Nrf2/Sirt3/SOD2 signaling pathway. Oxid Med Cell Longev. (2019) 2019:4657651. doi: 10.1155/2019/4657651

 10. Xu T, Lin M, Shen X, Wang M, Zhang W, Zhao L, et al. Association of the classification and severity of heart failure with the incidence of contrast-induced acute kidney injury. Sci Rep. (2021) 11:15348. doi: 10.1038/s41598-021-94910-1

 11. Toso A, Leoncini M, Maioli M, Tropeano F, Di Vincenzo E, Villani S, et al. Relationship between inflammation and benefits of early high-dose rosuvastatin on contrast-induced nephropathy in patients with acute coronary syndrome: the pathophysiological link in the PRATO-ACS study (Protective Effect of Rosuvastatin and Antiplatelet Therapy on Contrast-Induced Nephropathy and Myocardial Damage in Patients With Acute Coronary Syndrome Undergoing Coronary Intervention). JACC Cardiovasc Interv. (2014) 7:1421–9. doi: 10.1016/j.jcin.2014.06.023

 12. Maekawa H, Inoue T, Ouchi H, Jao TM, Inoue R, Nishi H, et al. Mitochondrial damage causes inflammation via cGAS-STING signaling in acute kidney injury. Cell Rep. (2019) 29:1261-73.e1266. doi: 10.1016/j.celrep.2019.09.050

 13. Zhang F, Lu Z, Wang F. Advances in the pathogenesis and prevention of contrast-induced nephropathy. Life Sci. (2020) 259:118379. doi: 10.1016/j.lfs.2020.118379

 14. Lau A, Chung H, Komada T, Platnich JM, Sandall CF, Choudhury SR, et al. Renal immune surveillance and dipeptidase-1 contribute to contrast-induced acute kidney injury. J Clin Invest. (2018) 128:2894–913. doi: 10.1172/JCI96640

 15. Hu B, Yang XR, Xu Y, Sun YF, Sun C, Guo W, et al. Systemic immune-inflammation index predicts prognosis of patients after curative resection for hepatocellular carcinoma. Clin Cancer Res. (2014) 20:6212–22. doi: 10.1158/1078-0432.CCR-14-0442

 16. Aziz MH, Sideras K, Aziz NA, Mauff K, Haen R, Roos D, et al. The systemic-immune-inflammation index independently predicts survival and recurrence in resectable pancreatic cancer and its prognostic value depends on bilirubin levels: a retrospective multicenter cohort study. Ann Surg. (2019) 270:139–46. doi: 10.1097/SLA.0000000000002660

 17. Yang R, Chang Q, Meng X, Gao N, Wang W. Prognostic value of systemic immune-inflammation index in cancer: a meta-analysis. J Cancer. (2018) 9:3295–302. doi: 10.7150/jca.25691

 18. Yang YL, Wu CH, Hsu PF, Chen SC, Huang SS, Chan WL, et al. Systemic immune-inflammation index (SII) predicted clinical outcome in patients with coronary artery disease. Eur J Clin Invest. (2020) 50:e13230. doi: 10.1111/eci.13230

 19. Vandenbroucke JP, von Elm E, Altman DG, Gøtzsche PC, Mulrow CD, Pocock SJ, et al. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE): explanation and elaboration. Ann Intern Med. (2007) 147:W163–94. doi: 10.7326/0003-4819-147-8-200710160-00010-w1

 20. Silver SA, Shah PM, Chertow GM, Harel S, Wald R, Harel Z. Risk prediction models for contrast induced nephropathy: systematic review. BMJ. (2015) 351:h4395. doi: 10.1136/bmj.h4395

 21. Medzhitov R. Origin and physiological roles of inflammation. Nature. (2008) 454:428–35. doi: 10.1038/nature07201

 22. Yuan Y, Qiu H, Hu X, Luo T, Gao X, Zhao X, et al. Predictive value of inflammatory factors on contrast-induced acute kidney injury in patients who underwent an emergency percutaneous coronary intervention. Clin Cardiol. (2017) 40:719–25. doi: 10.1002/clc.22722

 23. Zdziechowska M, Gluba-Brzózka A, Franczyk B, Rysz J. Biochemical markers in the prediction of contrast-induced acute kidney injury. Curr Med Chem. (2021) 28:1234–50. doi: 10.2174/0929867327666200502015749

 24. Chen JH, Zhai ET, Yuan YJ, Wu KM, Xu JB, Peng JJ, et al. Systemic immune-inflammation index for predicting prognosis of colorectal cancer. World J Gastroenterol. (2017) 23:6261–72. doi: 10.3748/wjg.v23.i34.6261

 25. Chovanec M, Cierna Z, Miskovska V, Machalekova K, Kalavska K, Rejlekova K, et al. Systemic immune-inflammation index in germ-cell tumours. Br J Cancer. (2018) 118:831–8. doi: 10.1038/bjc.2017.460

 26. Xu J, Hu S, Li S, Wang W, Wu Y, Su Z, et al. Systemic immune-inflammation index predicts postoperative acute kidney injury in hepatocellular carcinoma patients after hepatectomy. Medicine. (2021) 100:e25335. doi: 10.1097/MD.0000000000025335

 27. Bagci A, Aksoy F, Baş HA. Systemic immune-inflammation index may predict the development of contrast-induced nephropathy in patients with ST-segment elevation myocardial infarction. Angiology. (2022) 73:218–24. doi: 10.1177/00033197211030053

 28. Kelesoglu S, Yilmaz Y, Elcik D, Çetinkaya Z, Inanc MT, Dogan A, et al. Systemic immune inflammation index: a novel predictor of contrast-induced nephropathy in patients with non-ST segment elevation myocardial infarction. Angiology. (2021) 72:889–95. doi: 10.1177/00033197211007738

 29. Erdogan M, Erdöl MA, Öztürk S, Durmaz T. Systemic immune-inflammation index is a novel marker to predict functionally significant coronary artery stenosis. Biomark Med. (2020) 14:1553–61. doi: 10.2217/bmm-2020-0274

 30. Geng Y, Shao Y, Zhu D, Zheng X, Zhou Q, Zhou W, et al. Systemic immune-inflammation index predicts prognosis of patients with esophageal squamous cell carcinoma: a propensity score-matched analysis. Sci Rep. (2016) 6:39482. doi: 10.1038/srep39482

 31. Wong PC, Li Z, Guo J, Zhang A. Pathophysiology of contrast-induced nephropathy. Int J Cardiol. (2012) 158:186–92. doi: 10.1016/j.ijcard.2011.06.115

 32. Çöteli C, Arugaslan E, Erdöl MA, Karanfil M, Demirtaş K, Akdi A, et al. Which comes first in contrast-induced nephropathy? Inflammation or thrombus formation? Angiology. (2020) 71:195. doi: 10.1177/0003319719871794

 33. Christiansen SC, Naess IA, Cannegieter SC, Hammerstrøm J, Rosendaal FR, Reitsma PH. Inflammatory cytokines as risk factors for a first venous thrombosis: a prospective population-based study. PLoS Med. (2006) 3:e334. doi: 10.1371/journal.pmed.0030334

 34. Khodadi E. Platelet function in cardiovascular disease: activation of molecules and activation by molecules. Cardiovasc Toxicol. (2020) 20:1–10. doi: 10.1007/s12012-019-09555-4

 35. Akcay A, Nguyen Q, Edelstein CL. Mediators of inflammation in acute kidney injury. Mediators Inflamm. (2009) 2009:137072. doi: 10.1155/2009/137072

 36. Kelly KJ, Williams WWJr, Colvin RB, Meehan SM, Springer TA, Gutierrez-Ramos JC, et al. Intercellular adhesion molecule-1-deficient mice are protected against ischemic renal injury. J Clin Invest. (1996) 97:1056–63. doi: 10.1172/JCI118498

 37. Kinsey GR, Li L, Okusa MD. Inflammation in acute kidney injury. Nephron Exp Nephrol. (2008) 109:e102–7. doi: 10.1159/000142934

 38. Gharaie Fathabad S, Kurzhagen JT, Sadasivam M, Noel S, Bush E, Hamad ARA, et al. T Lymphocytes in acute kidney injury and repair. Semin Nephrol. (2020) 40:114–25. doi: 10.1016/j.semnephrol.2020.01.003

 39. Li Y, Ren K. The mechanism of contrast-induced acute kidney injury and its association with diabetes mellitus. Contrast Media Mol Imaging. (2020) 2020:3295176. doi: 10.1155/2020/3295176

 40. García N, Zazueta C, Aguilera-Aguirre L. Oxidative stress and inflammation in cardiovascular disease. Oxid Med Cell Longev. (2017) 2017:5853238. doi: 10.1155/2017/5853238

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Jiang, Li, Xu, Chen, Shan, Zhao, Fu, Luan, Xia and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-09-841601-t001.jpg
Demographic features
Age, yrs
Male, n (%)
BMI, kg/m?
Diabetes, n (%)
Hypertension, n (%)
EF, %
Suffered CI-AKI, n (%)
Laboratory data
sll, x10"L
Ser at baseline, pmol/L
Sor elevation, %
NT-proBNP, ng/ml
©GFR, ml/(min x1.73 m?)
CRP, mg/L
Hemoglobin, g/dl
CAG/PC procedure data
Volume of contrast agent, mg
Types of contrast agent, n (%)
Isotonic
Hypotonic

Lesions location, n (%)

RCA
Multivessel lesions, (%)
Total length of stents, mm
Medication, n (%)
ACEI

ARB

coB

Beta blocker

Statin

Aspirin

Furosemide injection
Dopamine

Overall (n = 4,381)

67.11 £10.76
2,892 (66.0)

2445+ 533
1,058 (24.1)
2,785 (63.6)

50.72 + 13.08
786 (17.9)

5.72[3.73,951]
76.0(64.0,94.0)
52[-39,18.2)
6.41[1.58,2.03)
84.4[65.7, 94.6]
23(09,80)
12,68+ 199

80.0[50.0, 130.0]

1,378 (31.6)
3,003 (68.4)

137 (11.0)
959 (63.9)
3658 (26.4)
493 (36.1)

79 (6.7)
38.0[25.0,63.0)

702 (16.0)
1,815 (30.0)
1216 (27.8)
2201 (50.2)
3,652 (83.4)
3,629 (82.8)
658 (15.0)
1281 (28.1)

Contrast-induced acute kidney injury

No (n = 3,595)

66.62410.73
2419 (67.9)
24.35:£5.34
836 (23.9)
2,272 63.2)
60.41:£12.87
0(0.0)

5.41(3.60,8.75)
76.0(65.0,93.0)
1.9(-5.7,10.1]
5.13[1.29, 16.81)
84.6(67.1,94.5)
20(08,6.6)
12,86 + 187

80.0 50,0, 130.0]

1,130 (31.6)
2,466 (68.4)

113 (10.8)
773 (62.5)
298 (26.5)
407 (36.0)
65(6.6)
39.0(25.0,64.0)

564 (15.7)
1,116 (31.0)
1,003 (27.9)
1,780 (49.5)
3,050 (84.8)
3,059 (85.1)
419(11.7)
929 (25.8)

Yes (n = 786)

69.34 + 10.65
473 (80.2)
24.96+5.25
222 (282)
513 (65.3)
56,57 + 13.30
786 (100.0)

7.66 [4.48, 14.81] <0.001*
73.0 [60.0, 100.0)
43.1[32.4,68.1)
15.20 [4.80, 36.37)
83.0[57.2,95.0]
4.4[1.4.16.1)
1199224

80.0[51.3,140.0]

243 (31.6)
538 (68.4)

24.(11.5)
186 (70.2)
60 (26.1)
86(36.8)
14(69)
36.0[24.0,57.0)

138 (17.6)
199 (25.3)
213 (27.1)
421 (53.6)
602 (76.6)
570 (72.5)
239 (30.4)
302 (38.4)

P value

<0.001-
<0.001*
0.007*
0.004*
0.203
<0.001*
<0.001*

0.082
<0.001*
<0.001*

0.014*
<0.001*
<0.001*

0.258
1.000

0.882
0.023*
0.971
0.890
1.000
0.101

0.215
0.002"

0.682
0.044*
<0.001*
<0.001*
<0.001*
<0.001*

Categorical date are presented as (%) and continuous data are expressed as mean : standard deviation or median (interquartie range). Sl indicates systemic immune-inflammetion
index; Cl-AKI, contrast-induced acute kichey injury; BMI, body mass index; EF, ejection fraction; Scr, serum creatinine; NT-proBNR, N-terminal of the prohormone brain natriuretic
peptide; eGFR, estimated glomerular fitration rate; CRR, C-reactive protein; LM, left main coronary artery; LAD, left anterior descending artery; LCX, left circumfiex artery; RCA, right
coronary artery; ACEI, angiotensin converting enzyme inhibitor: ARB, angiotensin receptor antagonist; CCB, calcium channel blocker. P < 0.05.





OPS/images/fmed-09-841601-t002.jpg
Predictor variable

Model 1
Sl (x10'1/1)
Model 2
Sl (x10"1/1)
Age
Male
Diabetes
Hypertension
©GFR
Type of contrast agent
Volume of contrast agent
EF
Model 3
SIl (x10'/1)
Age
Male
Diabetes
Hypertension
©GFR
Type of contrast agent
Volume of contrast agent
EF
CRP
Statin
Furosemide injection
Dopamine

Model 1 adjusted for none.

B coefficient [95% CI]

0.508(0.402 t0 0.615)

0.479[0.373 10 0.585]
2.385(1.243 10 3.526)
—~8.095[-5.529 to —0.660]
2.622(-0.089 10 5.334]
~0.977[~3.454 10 1.500]
0.067(0.009 10 0.124]
~1.161[-3.728 to 1.406]
~0.014[-0.030 10 0.002]
~0.352[-0.442 to ~0.263)

0.315[0.206 0 0.424]
2.276[1.158 10 3.395)
—2528(-4.916 to ~0.14]
2.442[-0.213 10 5.007)
0.453(~1.983 to 2.888]
0.102(0.045 10 0.159)
—1581[~4.096 10 0.934]
~0.015[~0.032 t0 0.002]
~0.121[-0.216 to —0.026]
0.099(0.047 0 0.151]
—11.318[-14.448 to ~8.187)
17.592[14.112 t0 21.072)
6.479[3.741 10 9.218)

P-value

<0.001*

<0.001*
<0.001*
0.013*
0.058
0.439
0.024*
0.375
0.088
<0.001*

<0.001*
<0.001*
0.038*
0071
0.716
<0.001*
0.218
0.081
0.013*
<0.001*
<0.001*
<0.001"
<0.001*

Model 2 adjusted for age (vears olc), gender (male or female), diabetes (yes or no),
hypertension (yes or no), eGFR (mi/minx1.73 m), type of contrast agent (isotonic or
hypotonic), volume of contrast agent (mg), and EF (%).
Model 3 adcitionally adjusted for CRP (mg/L), and medications (administration of statin,
furosemide injection and dopamine) (ves or no).
Slindicates systemic immune-inflammation index; Scr, serum creatinine; eGFR, estimated
glomerular firation rate; EF; ejection fraction; CRP, C-reactive protein.

‘P < 0.05.





OPS/images/fmed-09-841601-g003.gif
2.,

007900,

CI-AKI

96ttt

<
o






OPS/images/fmed-09-841601-g004.gif





OPS/images/fmed-09-841601-t003.jpg
Sl (x10"/L)  Cases/overall (%)
<3 76/634 (12.0%)
3-6 234/1,6886 (13.9%)
69 138/874 (15.8%)
912 80/434 (20.5%)
212 249/753 (33.1%)
P for trend

Model 1 adjusted for none.

Model 1

OR [95% CI]

1 (Reference)
1.183(0.897 to 1.560]
1.377(1.019 t0 1.860]
1.894(1.356 to 2.646]
3.627(2.731 10 4.817)

P-value

0.233
0.037*
<0.001*
<0.001*
<0.001*

Model 2
OR [95% CI]

1 (Reference)
1.303[0.977 to 1.738]
1.509[1.100 to 2.070]
2.165[1.525 10 3.074]
3.880[2.872 10 5.241)

P-value

0.071

0.011*
<0.001*
<0.001*
<0.001"

Model 3

OR [95% CI]

1 (Reference)
1.228[0.917 to 1.644]
1.332(0.963 to 1.843]
1.791(1.247 t0 2.572)
2.914[2.121 10 4.003)

P-value

0.168

0.083
0.002*
<0.001*
<0.001*

Modei 2 adjusted for age (per 10 years), gender (male or female), diabetes (yes or no), hypertension (ves or no), eGFR (<30, 30-59, 60-89, or =90 mifminx1.78 m?), type of contrast
agent (isotonic or hypotonic), volume of contrast agent (<60, 60-119, or 2120mg), and EF (<50, 50-64, or 265%).
Mode! 3 additionally adjusted for CRP (<5, 5-10, or > 10 mg/L), and medications (administration of statin, furosemide injection and dopamine) (yes or no).
CH-AKlindicates contrast-indluced acute kidhey ijury; Sl indicates systemic immune-inflammation index; eGFR, estimated glomerular fitration rate; EF, ejection fraction; CRR, C-reactive

protein; OR, odds ratio; Cl, confidence interval.

‘P < 0.05.





OPS/images/fmed-09-841601-t004.jpg
Hypothesis Standardized  Standard  P-value Support

path coefficient  error

sl - ok 0.102 0 <0001* Yes
AKI

CRP Ok 007 0 <0001* Yes
AKI

NIR - Ck 0096 0.002 <0001* Yes
AKI

PT - Ok -0035 0 0030 Yes
AKI

Sl - NLR 0.408 89.805 <0.001* Yes

sl - P 0371 1149353 <0001" Yes

CRP & NIR 0.242 1.828 <0001* Yes

CRP & PIT 0.108 22956 <0.001" Yes

NIR o PLT 0.183 5342 <0001* Yes

Silindicates systemic immune-inflammation index; CI-AKI, contrast-induced acute kidney
injury; CRR, C-reaction protein; NLR, neutrophil to lymphocyte ratio; PLT, perioheral
platelet. P < 0.05.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Systemic Immune-Inflammation Index Predicts Contrast-Induced Acute Kidney Injury in Patients Undergoing Coronary Angiography: A Cross-Sectional Study



		Introduction



		Materials and Methods



		Study Design and Setting



		Data Collection and Definitions



		Statistical Analysis







		Results



		Population Characteristic and Population Distribution



		The Association Between Preoperative SII and the Proportion of Scr Elevation



		The Association Between Preoperative SII and the Occurrence of CI-AKI



		The Assessment of Predictive Ability of SII for CI-AKI



		The Structural Equation Model Analysis of SII for CI-AKI



		The Exploratory Analysis







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Abbreviations



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Systemic Immune-Inflammation
Index Predicts Contrast-Induced
Acute Kidney Injury in Patients
Undergoing Coronary Angiography: A
Cross-Sectional Study





OPS/images/fmed-09-841601-g001.gif
Paticnts who underwent
CAGorPCl
Inclusion crteria:
> Sl vas evalusted and recorded atbaseine
 Serum creatinine (SCr) was assesed at baselne and within
72 h following iodine-based conras exposure
> Data of demographic. PC1 procedure, lsboratory examinaion,
1 and medication was availabl fo analysis
Patints i
analyical daa (n=4,600)

Exclusion crteria:
> Repeated exposure o contrastagent during hospitlization
Acutc idney discase (cg. domeralar nephrits, nephrotic
syndrom:)

Clinially pparent infetious discases

‘Acute malignant tumor at baseline

Pre-prosedure cGFR under 15 ml(minx 173 )

Dicd within 30 days

vy

4381 cases includd in sty

Critria of Europesn §

N |

ety of Urogerital Rudilogy (ESUR)

Patints with CLAKI (1-786)

Patents with

CI-AKI (13,595)






OPS/images/fmed-09-841601-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





