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Background: Inflammation and immune responses play an important role in the pathophysiology of contrast-associated acute kidney
injury (CA-AKI), and systemic immune inflammation index (SII) has recently emerged as a new parameter for immune and inflammatory
response evaluation. However, limited research has been undertaken to explore the relationship between SII and CA-AKI following
coronary angiography (CAG).

Patients and Methods: From January 2007 to December 2020, 46,333 patients undergoing CAG were included from 5 Chinese
tertiary hospitals. SII was calculated as total peripheral platelets count x neutrophil-to-lymphocyte ratio. Patients were categorized by
preprocedural SII quartiles: Q1 <404.5, Q2 >404.5 and <631.7, Q3 >631.7 and <1082.8, Q4 >1082.8. Univariable and multivariable
logistic regression were used to reveal the link between preprocedural SII and CA-AKI.

Results: A total of the 46,333 patients (62.9 + 11.5 years, female 28.1%) were included in the study. The incidence of CA-AKI was 8.4%
in Q1 group, 8.7% in Q2 group, 9.4% in Q3 group, 15.1% in Q4 group. In the multivariable model, comparing the highest (Q4 group) to
lowest (Q1 group) SII level categories, preprocedural SII was related to a higher risk of CA-AKI after fully adjusting for well-known
confounders, and there was no statistically difference in the other two SII level categories (Q2 and Q3 groups) compared with Q1 group
(adjusted model 3: Q2 group: OR: 0.98, 95% CI: 0.87-1.11, P=0.771; Q3 group: OR: 1.04, 95% CI: 0.92—1.18, P=0.553; Q4: OR: 1.65,
95% CI: 1.45-1.88, p < 0.001; P for trend < 0.001). Similar results were found for all the subgroups analysis except for patients
undergoing PCI, and the interaction analyses for age, PCI and AMI were significant. In addition, Kaplan—-Meier curves demonstrated that
the lowest quartile group showed the worst all-cause mortality in a significant SII level-dependent manner among the four groups (Log
rank test; p < 0.0001).

Conclusion: Elevated preprocedural SII level was a significant and independent risk factor for CA-AKI following CAG. Higher-
quality prospective studies are needed to validate the predictive value of SII for CA-AKI.
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Introduction
Contrast-associated acute kidney injury (CA-AKI) is a common complication following coronary angiography (CAG),
with an estimated incidence of up to 12%," and is a more frequent complication in patients with multiple risk factors like
diabetes mellitus (DM) and chronic kidney disease (CKD).> Meanwhile, previous studies demonstrated that patients with
CA-AKI had a poor prognosis.® Therefore, identifying the patients with high-risk CA-AKI is needed in clinical practice.

It has been demonstrated that the occurrence and progression of CA-AKI is mediated by different mechanisms, of
which, inflammation and activation of immune responses may play a key role in this process.*> Additionally, experi-
mental studies showed that immune cells including neutrophils, dendritic cells, macrophages and lymphocytes contribute
to the pathogenesis and repair of AKIL.® Recently, systemic immune inflammation index (SII; SII = platelet count x
neutrophil count/lymphocyte count), a new inflammation parameter, has been proposed to assess the inflammatory and
immune status.” SII is not only a potential prognostic marker in patients with various cancers,’ but also related to
adverse outcomes in patients with cardiovascular disease.'® However, the association between preprocedural SII and CA-
AKI development following CAG has not been tested.

Based on these findings, this multi-center study is designed to clarify the relationship between preprocedural SII and
CA-AKI risk in a large Chinese population, which may help clinicians to early evaluate the risk of CA-AKI following
CAG and initiate the treatment for prevention.

Methods

Study Population

We collected the baseline information from the registry of Cardiorenal ImprovemeNt II (CIN-II) study from January 2007
to December 2020 in five south Chinese regional central tertiary teaching hospitals (2 urban and 3 rural regions, see in
Supplemental Table 1). CAG or PCI was performed in patients with clinical indications. After excluding patients who did

not receive CAG, lacked preoperative or postoperative serum creatinine (Scr) data, missed laboratory parameters, a total of
46,333 patients were included in our research. The inclusion criteria were as follows: 1) patients undergoing CAG were
included, 2) creatinine was measured before procedure and within 48 hours after procedure, 3) patients with long-term
follow-up information, 4) patients with complete clinical data. All of the patients were divided into four groups by
preprocedural SII quartiles (Supplementary Figure 1). All personal details were erased to protect patient data confidenti-

ality. This clinical study was approved by the Guangdong Provincial People’s Hospital ethics committee (NO.
GDREC2019-555H-2) and complied with the declaration of Helsinki. All participating sites received institutional review
board approval from their own ethics committees.

Data Collection

Clinical information after the patient’s first admission was collected from the Electronic Clinical Management System
(ECMS) for all participant hospitals, including demographic information, medical history, laboratory test results,
medications, as well as procedure. Clinical data was processed and imported into a relational database that can be
queried using R, version 4.0.3 software (R Foundation for Statistical Computing, Vienna, Austria). Two senior
cardiologists were responsible for the data quality control and periodical database verification. Biochemistry data
including platelet, neutrophils and lymphocyte were measured on admission by an automatic biochemical analyser
before procedure. The serum creatinine (Scr) concentration was measured at admission and within 24h, 48h, and 72
h after administration of contrast. Scr was measured by a kinetic colorimetric assay (Jaffe) in all centers using the
machine (Beckman, AU5800, the United States). Other biochemical indicator measurement was performed on admission.
Uniform methods of measurement were used in all centers.

Study Endpoint and Variables

The primary endpoint was CA-AKI, defined as an increase in the Scr level of >0.5 mg/dL or >25% from the baseline level
within the first 48h after procedure.'' The secondary endpoints were long-term all-cause mortality after admission (the median
follow-up period was 6.1 years [interquartile range: 3.0-8.8]). Systemic immune-inflammation index (SII) was calculated as
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total platelets countx neutrophil-to-lymphocyte ratio. The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte
ratio (PLR) were calculated as follows: absolute neutrophil count/absolute lymphocyte count and total number of platelets/
absolute lymphocyte count, respectively. CKD was defined as an estimated glomerular filtration rate (¢GFR) calculated using
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation <60 mL/min/1.73%.'* Congestive heart failure
(CHF) was defined as New York Heart Association (NYHA) class >2 or Killip class >1. Acute myocardial infarction (AMI),
DM, and hypertension (HT) were diagnosed according to ICD-10. Anemia was defined as a hematocrit <39% for males or
<36% for females. The Mehran scores (MRS) were calculated by eight variables (age > 75 years, hypotension (HT), intra-
aortic balloon pump (IABP), CHF, diabetes, anemia, contrast volume (CMV) and eGFR)."

Statistical Analysis

The population was classified into four groups according to preprocedural SII quartiles: Q1, Q2, Q3, and Q4. Descriptive
analysis for continuous variables were shown as means + standard deviation or medians and interquartile ranges
according to distribution. Categorical variables were described as proportions. Continuous variables were compared by
analysis of variance (ANOVA) and categorical variables by Pearson’s Chi-square test.

Time-to-event data were shown in graphs using Kaplan—Meier curves, and the differences between groups were assessed
by Log rank test. Multivariable Cox proportional hazard regression models adjusting for potential confounders were
performed to analyze hazard ratios (HRs) with 95% confidence interval (CI) for comparing non-CA-AKI patients with CA-
AKI patients (adjusted confounders including demographic characteristics, medical history and medicine). Univariable and
multivariable logistic regression analyses tested the association between preprocedural SII and CA-AKI. Any variable with
a p-value <0.10 in the univariable analysis and variables based on clinical plausibility were included in the model 3, which
were fully adjusted for angiotensin-converting enzyme inhibitors and angiotensin receptor blockers (ACEI/ARB), age, AMI,
anemia, coronary artery disease (CAD), CMV, CHF, DM, eGFR, gender, HT, high-density lipoprotein cholesterol (HDL-C),
IABP, low-density lipoprotein cholesterol (LDL-C), PCI, statins.>'* We used the variance inflation (VIF) as the criterion for
multicollinearity. When VIF >5, it can be considered that there is a multicollinearity between independent variables.'®
Collinearity analysis demonstrated no collinearity among the variables. The association between preprocedural SII and the
risk of CA-AKI was displayed in forest plot, and restricted cubic splines were used to evaluate the level-dependent relationship
between the natural log of SII and OR. In addition, SII, NLR or PLR were included in the MRS to compare the predictive
power before and after the addition, respectively. Missing values in the candidate predictor variables were imputed using
multivariate imputations by the chained equation method.

We further explored heterogeneity in subgroup analyses (age, gender, PCI, AMI and CHF). Stratification and
interaction analysis were used to ensure robustness of the results. All statistical analyses were performed using
R (ver. 4.0.3). A 2-tailed P value <0.05 was considered statistically significant.

Results

Patient Characteristics

A total of 46,333 patients undergoing CAG were enrolled, including 33,315 males and 13,018 females (mean age 62.9 +
11.5 years). All patients were split into the following quartiles based on preprocedural SII levels subsequently: quartile
(Q)1 group (n = 11,583), Q2 group (n = 11,583), Q3 group (n = 11,584) and Q4 group (n = 11,583). With the increasing
level of preprocedural SII, the elderly population was gradually increasing, and patients had higher levels of neutrophil
counts, platelet counts, WBC and LDL-C, more likely to be combined with AMI, HT, DM, CHF and anemia, as well as
more likely to receive statins and ACEI/ARB. On the contrary, as preprocedural SII level increased, the lymphocyte
counts, albumin (ALB), hemoglobin (HGB), left ventricular ejection fraction (LVEF), and eGFR were significantly
lower. More details are shown in Table 1.

Prevalence of CA-AKI and Clinical Outcomes
CA-AKI occurred in 4815 (10.4%) patients. The incidence of CA-AKI was only 8.4% (n=973) in Q1 group, 8.7% (n=1010) in
Q2 group, and 9.4% (n = 1086) in Q3 group, while the incidence significantly increased to 15.1% (n = 1746) in Q4 group (p for
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Table | Baseline Characteristics According to Preprocedural Sl Level Categories

Characteristics Ql Q2 Q3 Q4 P-value

(S1i<404.5) (404.5<S11<631.7) (631.7<S11<1082.8) | (1082.8<Sll)

(N=11,583) (N=11,583) (N=11,584) (N=11,583)
Demographic characteristics
Age, n (%) 62.5 (10.7) 63.1 (I1.1) 62.9 (11.6) 63.3 (12.6) <0.001
Age>75, n (%) 1359 (11.7) 1613 (13.9) 1696 (14.6) 2098 (18.1) <0.001
Female, n (%) 3726 (32.2) 3416 (29.5) 3127 (27.0) 2748 (23.7) <0.001
Medical history
AMI, n (%) 1163 (10.1) 2201 (19.2) 3894 (33.9) 7018 (60.9) <0.001
STEMI 615 (5.4) 1245 (10.8) 2460 (21.4) 4958 (43.0) <0.001
CAD, n (%) 7806 (67.9) 8628 (75.2) 9323 (81.1) 10,167 (88.2) <0.001
HT, n (%) 5555 (48.4) 6440 (56.1) 6598 (57.4) 6347 (55.0) <0.001
CKD, n (%) 443 (3.9) 646 (5.6) 932 (8.1) 1303 (11.3) <0.001
DM, n (%) 3533 (30.5) 3829 (33.1) 3987 (34.4) 3926 (33.9) <0.001
Anemia, n (%) 3272 (28.2) 3457 (29.8) 4018 (34.7) 4650 (40.1) <0.001
CHEF, n (%) 1535 (13.4) 1757 (15.3) 2316 (20.1) 3719 (32.2) <0.001
Laboratory test
WBC, 10%/L 6.34 [5.32, 7.54] 7.16 [6.07, 8.48] 8.20 [6.85, 9.84] 11.10 [8.85, 14.03] | <0.001
PLT, 10°/L 187.56 (47.91) 218.78 (52.59) 239.51 (62.48) 263.44 (87.46) <0.001
NEUT, 10°/L 3.51 (1.10) 4.64 (1.39) 6.01 (1.98) 9.67 (3.79) <0.001
LYMPH, 10°/L 2.24 (0.76) 1.97 (0.66) 1.74 (0.61) 1.30 (0.55) <0.001
N 305.71 507.12 800.83 1717.11 <0.001

[243.79, 355.43] [455.11, 566.73] [707.74, 919.24] [1328.23, 2461.34]
LVEF, % 59.84 (12.38) 59.25 (12.35) 57.41 (12.78) 54.38 (12.41) <0.001
HGB (g/L) 134.59 (16.74) 134.11 (17.27) 132.39 (18.52) 130.54 (21.43) <0.001
LDL-C (mmol/L) 2.83 (1.01) 2.88 (1.02) 2.92 (1.06) 3.04 (1.12) <0.001
HDL-C (mmol/L) 1.07 (0.31) 1.06 (0.31) 1.05 (0.32) 1.08 (0.35) <0.001
eGFR (mL/min/1.73m?) 80.30 (24.03) 78.02 (76.13) 76.13 (27.73) 72.52 (29.50) <0.001
Medication
ACEI/ARB, n (%) 6628 (60.4) 7182 (66.0) 7304 (67.1) 6959 (65.7) <0.001
B-blocker; n (%) 7536 (68.7) 7977 (73.3) 8387 (77.0) 8383 (79.2) <0.001
Statins, n (%) 8933 (81.4) 9410 (86.4) 9670 (88.8) 9556 (90.3) <0.001
CCB, n (%) 2583 (23.5) 2977 (27.3) 3005 (27.6) 2979 (28.1) <0.001
Diuretics, n (%) 2642 (24.1) 2492 (22.9) 2887 (26.5) 3973 (37.5) <0.001
Procedure
CMV, mL 100.0 [50.0, 150.0] | 100.0 [50.0, 150.0] 100.0 [60.0, 150.0] 100.0 [80.0, 150.0] | <0.001
IABP, n (%) 13 (0.2) 20 (0.3) 61 (0.8) 163 (2.3) <0.001
IVUS, n (%) 261 (2.3) 291 (2.5) 292 (2.5) 262 (2.3) 0.342
PCI, n (%) 5677 (49.0) 6631 (57.2) 7479 (64.6) 8561 (73.9) <0.001

Abbreviations: AMI, acute myocardial infarction; STEMI, ST-elevation myocardial infarction; CAD, coronary artery disease; HT, hypertension; DM, diabetes mellitus; CKD,
chronic kidney disease; CHF, congestive heart failure; IABP, intra-aortic balloon pump; PCI, percutaneous interventions; WBC, white blood cell; PLT, platelet; NEUT,
neutrophil; LYMPH, lymphocyte; LVEF, left ventricular ejection fraction; HGB, hemoglobin; LDL-C, low density lipoprotein cholesterol; HDL-C, High density lipoprotein
cholesterol; IVUS, Intravascular Ultrasound; eGFR, estimated glomerular filtration rate; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker;

CCB, calcium channel blocker; CMV, contrast media volume.

trend <0.001) (Figure 1). As preprocedural SII level increased, the 1-year mortality (p for trend <0.001) (Figure 2). Kaplan—-Meier
curves demonstrated that the lowest quartile group showed the worst long-term all-cause mortality in a significant SII level-
dependent manner among the four groups (Log rank test; p < 0.001) (Figure 3). Moreover, cox proportional hazard regression
analysis showed that the risk of mortality was higher in patients with increased SII level (Q2 group: HR: 1.15, 95% CI: 1.05-1.26,
P <0.001; Q3 group: HR: 1.31, 95% CI: 1.19-1.43, P <0.001; Q4 group: HR: 1.59, 95% CI: 1.45-1.75, P < 0.001; P for trend

<0.001) (Supplementary Table 2).
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Figure 2 The incidence of one-year mortality in the four groups.

Association Between Preprocedural Sll and CA-AKI

When preprocedural SII as a continuous variable, it was significantly associated with CA-AKI (per 100 increase:
adjusted odds ratio [aOR], 1.02, 95% confidence interval (CI): 1.01-183 1.02, P < 0.001), whereas the result of log
(SII) was similar (aOR, 1.25, 95% CI: 1.17-133, P < 0.001). Subsequently, to further analyze the relationship between
the range of preprocedural SII and the increased risk of CA-AKI, we performed univariable and multivariable
regression analysis using preprocedural SII as a categorical variable. In the model 3, comparing the highest (Q4
group) to lowest (Q1 group) SII level categories, preprocedural SII was related to a higher risk of CA-AKI after fully
adjusting for well-known confounders, and there was no statistical difference in the other two SII level categories (Q2
and Q3 groups) compared with Q1 group (adjusted model 3: Q2 group: OR: 0.98, 95% CI: 0.87-1.11, P = 0.771; Q3
group: OR: 1.04, 95% CI: 0.92-1.18, P = 0.553; Q4 group: OR: 1.65, 95% CI: 1.45-1.88, p < 0.001, p-for trend
<0.001) (Table 2, Figure 4). Restricted cubic splines showed that the risk of CA-AKI had a non-linear relationship
with continuous preprocedural SII even after fully adjusting for confounding factors (nonlinear P < 0.001): the risk of
CA-AKI rose steeply when SII was in a relatively higher level (Figure 5).
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Figure 3 Kaplan—Meier curve in terms of all-cause mortality according to the preprocedural Sl quartiles.

Discrimination and Calibration Analysis of Preprocedural Sll Added to Models
Continuous variable SII, PLR or NLR added to MRS did contribute to a certain increase in C-statistics (Mehran:
C-statistic = 0.694, 95% CI: 0.680-0.707; Mehran + PLR: C-statistic = 0.699, 95% CI: 685-0.713; Mehran + NLR:
C-statistic = 0.702, 95% CI: 0.692-0.719; Mehran + SllI: C-statistic = 0.706, 95% CI: 0.688—0.715) (Figure 6).

Subgroup Analysis

Similar results were found for the subgroup analysis regardless of age [age >65 years or <65 years], gender, AMI, or
CHF, but the SII in Q3 and Q4 quartiles increased the risk of CA-AKI among patients undergoing PCI. Stratified and
interaction analyses indicated that the relationship between CA-AKI and preprocedural SII levels was evident in patients
undergoing PCI (P for interaction <0.001), age (P for interaction = 0.023), or AMI (P for interaction = 0.021)

(Supplementary Figure 2).

Discussion

To our knowledge, this is the first multicenter study with a large sample to investigate the relationship between preproce-
dural SII and CA-AKI risk following CAG. In our study, preprocedural elevated SII level is an independent risk factor. It is
further discovered that when SII is in high-level state (SII >1082.8), it has a significant impact on the CA-AKI. Our findings

Table 2 Univariable and Multivariable Logistic Regression Analysis of the Association Between Preprocedural Sl Level and CA-AKI
Following CAG

Groups Overall | Event, n (%) Model | Model 2 Model 3

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Continuous
Log 46,333 4815 (10.4) 1.35 (1.3, 1.4) <0.001 1.37 (1.32, 1.42) | <0.001 1.25 (1.17, 1.33) | <0.001
Per 100 increases | 46,333 4815 (10.4) 1.02 (1.02, 1.03) | <0.00I 1.02 (1.02, 1.03) | <0.00I 1.02 (1.01, 1.02) | <0.001
Quartiles
Ql 11,583 973 (8.4) 1.00 (Ref) - 1.00 (Ref) - 1.00 (Ref) -
Q2 11,583 1010 (8.7) 0.93 (0.85-1.01) | 0.094 0.93 (0.85-1.02) | 0.125 0.98 (0.87-1.11) | 0.771
Q3 11,584 1086 (9.4) 1.00 (0.92—1.10) | 0.946 1.02 (0.93-1.12) | 0.653 1.04 (0.92-1.18) | 0.553
Q4 11,583 1746 (15.1) 1.72 (1.59-1.87) | <0.001 1.77 (1.63-1.92) | <0.001 1.65 (1.45-1.88) | <0.001

Notes: Model |: unadjusted. Model 2: adjusted for age, gender. Model 3: adjusted for ACEI_ARB, Age, AMI, Anemia, CAD, CMV, CHF, DM, eGFR, gender, HT, HDL-C, IABP,

LDL-C, PCI, Statins.
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Q4 R 1.65 (1.45,1.88)
I 1 1 1

0.0 0.5 1.0 1.5 2.0

Figure 4 Multivariable logistic regression analysis for association between preprocedural Sll and CA-AKI in different models. Model | was unadjusted; model 2 was only
adjusted for age and gender; model 3 was adjusted for ACEI_ARB, Age, AMI, Anemia, CAD, CMV, CHF, DM, eGFR, gender, HT, HDL-C, IABP, LDL-C, PClI, Statins.
Abbreviations: OR, odds ratios; Cl, confidence interval.

OR of CA-AKI
2

log(Sll)

Figure 5 Restricted spline curve for the CA-AKI adjusted odds ratio.

point to the importance of accounting for SII level in assessing the risk of CA-AKI following CAG. Monitoring SII levels
may be considered as one focus of CA-AKI prevention efforts among patients who will be undergoing CAG.

CA-AKI is a complex and multi-factorial process. Although the definite mechanisms of CA-AKI are not completely
elucidated, increased inflammatory response has been proved to play a vital role in the development and progress of CA-
AKI.'® Previous researches found that some inflammatory indicators have a predictive value for the incidence of
CIN."'® Kurtul et al found a positive correlation between the development of contrast-induced nephropathy (CIN)
and neutrophil-lymphocyte ratio (NLR) in non-ST segment elevation myocardial infarction (NSTEMI) patients who
underwent CAG.'* Our previous study also suggested that high sensitivity C-reactive protein (Hs-CRP) was a predictor
of CIN following PCI among STEMI patients.” SII, a new inflammation parameter, not only had a better prediction of
poor outcomes in patients with cancer compared with NLR and platelet lymphocyte ratio (PLR)'® but also was associated
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Figure 6 Receiver operator characteristics curves of Mehran risk score, Mehran+Sll, Mehran+NLR and Mehran+PLR model.

with major cardiovascular events in CAD patients.'® Recently, Gok et al reported that SII had good accuracy in
predicting more severe disease in patients with acute pulmonary embolism.?’ In addition, higher SII levels were
independently associated with the presence of isolated coronary artery ectasia, which demonstrated that a more severe
inflammatory process may involve in the development of this variant of CAD.?' Besides, our study demonstrated that the
preprocedural SII could improve predictive performance of MRS, which was similar to the NLR and PLR in predicting
the risk of CA-AKI following CAG. It is meaningful to pay attention to the SII variation in CAG population, especially
when SII >1082.8, which would significantly increase the risk of CA-AKI.

Similar to previous studies, our results showed that CHF and IABP were associated with a 1-fold and 2-fold increased
risk of CA-AKI, respectively. Impairment in kidney function is common in HF patients, a variety of processes are
involved including hemodynamic, hormonal, inflammatory.”* In addition, IABP can be used in AMI patients with
cardiogenic shock for hemodynamic support, those patients with reduced effective blood volume and high level of
inflammation are susceptible to developing AKI.>* Previous researches had demonstrated that different pathophysiolo-
gical mechanisms may involve in the occurrence of CA-AKI, including renal vasoconstriction, direct cytotoxic effects of
contrast agents, apoptosis, oxidative stress, and tubular obstruction.?* Meanwhile, the relationship between immune and
inflammatory response and CA-AKI has been studied in both patients and animal models. Systemic inflammation may
increase kidneys’ local inflammatory processes elicited by contrast medium reabsorption favoring the development of CI-
AKI.?*%% In addition, contrast injection can lead to a significantly elevated release of inflammatory cytokines, including
IL-6, TNF-a, NF-Kb, and NLRP3, which were accompanied by renal dysfunction and tubular injury.?’° Moreover, in
the AKI animal models, neutrophils may participate in renal injury by obstructing the renal microvasculature, secreting
oxygen free radicals, proteases, and pro-inflammatory cytokines.®*' Lymphocytes are key cells of the adaptive immune
system, and many studies have revealed the substantial role of a diverse subset of lymphocytes in AKI. Of which, CD4+
T cells contribute to the establishment of renal injury in the early phase of renal injury, but regulatory T cells are likely to
have a role in renoprotection due to their anti-inflammatory effect.®

In our study, the elevated preprocedural SII is associated with an increased risk of CA-AKI following CAG,
especially when SII is in high-level state (SII >1082.8). Therefore, SII can be used as a tool for risk stratification
following CAG to estimate patients’ susceptibility to CA-AKI and help clinicians recognize high-risk patients.
Moreover, personalized perioperative hydration and reduction of contrast volume should be recommended in patients
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with higher level of SII, and avoiding angiography if possible.?* Besides, it is critical to managing risk factors, including
HT, DM, CHF and anemia, which increase the occurrence of CA-AK1.32 Finally, more high-quality studies in the future
are needed to verify the prediction of SII for CA-AKI and immune inflammation may be a novel therapeutic target for
CA-AKI.

Limitation

This research has some limitations. First, this was a retrospective study, which cannot reflect direct causation.
However, our study was derived from a large multicenter cohort, and we have made extensively adjusted for
confounding factors. Second, the incidence of CA-AKI will be slightly fluctuation based on the different CA-AKI
definitions, but it will not affect the relative occurrence tendency of CA-AKI in each group, and the definition of CA-
AKI in our research has been widely cited in previous studies. Third, there may be some deviation when we screened
patients, whereas our study included a large patient population and our results were stable in subgroup analysis. Fourth,
cause-specific death was not available in this study, and it is difficult to examine the significant association between
preprocedural SII and cause-specific death. Finally, we lacked a high-quality external validation cohort with which to
verify our results.

Conclusion

Elevated preprocedural SII is an independent risk factor of CA-AKI following CAG, and helpful for risk stratification.
Our research demonstrated that preprocedural SII level may be an optimal monitoring indicator for the prevention of CA-
AKI and prognosis, which provided further evidence to help clinicians judge the CA-AKI risk among patients who will
be undergoing CAG.
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