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Elevated postoperative systemic
immune-inflammation index
associates with acute kidney
injury after cardiac surgery:
a large-scale cohort study
Yihao Li, Huansen Huang and Hongbin Zhou*

Department of Anesthesiology, The Second Affiliated Hospital of Guangzhou Medical University,
Guangzhou, China
Objective: To investigate whether postoperative systemic immune-inflammation
index (SII) is associated with acute kidney injury (AKI) after cardiac surgery.
Methods: We included patients undergoing cardiac surgery from the Medical
Information Mart for Intensive Care—IV database to conduct a retrospective
cohort study. The outcomes are AKI, severe AKI, and 30-day mortality after
cardiac surgery. Analytical techniques including receiver operating
characteristic (ROC) analysis, restricted cubic splines (RCS), and multivariable
logistic regression were used to assess the association between SII and
outcomes. Sensitivity analyses using inverse probability of treatment weighting
(IPTW) and the E-value were conducted to validate the stability of the results.
Results: 3,799 subjects were included in this study. We used ROC to calculate an
optimal cutoff value for predicting AKI after cardiac surgery, and subsequently
patients were divided into two groups based on the cutoff value (Low
SII:≤ 949 × 109/L; High SII: > 949 × 109/L). ROC showed moderately good
performance of SII for predicting AKI, while RCS also indicated a positive
association between SII and AKI. The multivariate logistic analysis further
affirmed the heightened risk of AKI in patients in the high SII group (OR, 5.33;
95%CI, 4.34–6.53; P < 0.001). Similar associations were observed between SII
and severe AKI. Sensitivity and subgroup analyses indicated the robustness of
the findings.
Conclusion: Elevated SII was independently associated with a higher risk of AKI in
adults undergoing cardiac surgery. The potential causal relationship between
postoperative SII and cardiac surgery associated AKI warrants prospective research.
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1 Introduction

Postoperative acute kidney injury (AKI), a consequential complication, impacts

5%–81% of patients following cardiac procedures (1, 2). AKI arising from cardiac

surgery correlates with heightened morbidity, mortality, extended intensive care unit

(ICU) stays, and escalated hospital expenses (3, 4). Patients advancing to severe AKI face

an elevated 8-fold risk of 30-day mortality (5). Even as serum creatinine recovers to

presurgical levels, AKI erodes renal functional reserve, fostering chronic kidney disease

or failure (6). Moreover, the hospital costs for AKI patients who did not need renal

replacement therapy (RRT) were up to $26,000, while they exceeded $69,000 for those
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needing RRT. This resulted in an annual cost of almost $1 billion

for cardiac surgery-associated AKI (CSA-AKI) in the United

States (7). Early identification and intervention are essential to

improve prognosis, while the Society of Thoracic Surgeons took

postoperative renal failure as a major metric for cardiac

procedures. Though numerous predictors for postoperative AKI

have been unearthed, most lack practicality and portability.

Seeking a clinically accessible and uncomplicated indicator to help

prevent AKI after cardiac surgery remains significant.

The pathogenesis of postoperative CSA-AKI is multifactorial,

including ischemia-reperfusion injury, hypoxia, inflammatory

response, and oxidative stress (6). System inflammation assumes

a pivotal role in the development of AKI after surgery.

Pertinent factors in cardiac surgery like aortic cross-clamp,

cardiopulmonary bypass, anemia, or blood transfusion may

exacerbate inflammatory response to trigger AKI (8). Numerous

inflammatory biomarkers like neutrophils (9), platelets (10),

and C-reactive protein (11) have been reported to associate with

AKI. Nevertheless, focusing solely on a single indicator remains

insufficient for clinical practice due to susceptibility to diverse

confounders. The systemic immune-inflammation index (SII),

derived from neutrophil, lymphocyte, and platelet counts,

presents a comprehensive yet accessible metric. SII is regarded

as a more reliable and representative metric compared to

traditional indicators like neutrophil-to-lymphocyte ratio (NLR)

and platelet-to-lymphocyte ratio (PLR) (12, 13). It effectively

captures the interplay among three distinct cell lines, enhancing

the predictive accuracy for cardiovascular disease and

mortality. SII has been demonstrated to indicate prognosis in

patients with cardiovascular disease (14), malignancy survival

(15), and AKI (16). Enhanced SII levels are associated with

thrombocytosis, neutrophilia, and lymphopenia, indicating a

nonspecific association between inflammation and compromised

adaptive immune responses (17). Prior research suggests that

inflammation induces alterations in protein metabolism, while

patients undergoing major non-cardiac surgery may experience

diminished resilience to acute surgical stress, culminating in

impaired postoperative recovery (18). As a special procedure,

cardiac surgery profoundly influences inflammatory response,

potentially altering SII levels and contributing to complications

and mortality trends. Patients exhibiting SII deviations might

experience divergent post-cardiac surgery prognoses. However,

the association between SII and post-cardiac surgery AKI

development was rarely discussed.

Consequently, we sought to investigate the relationship

between SII and the risk of CSA-AKI. We hypothesized that

postoperative SII level was related to the development of AKI

after cardiac procedure.
2 Methods

2.1 Data source

All study data were sourced from a large critical care database

named Medical Information Mart for Intensive Care IV (19)
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(MIMIC-IV version 1.0), which comprises clinical data of ICU

patients from the Beth Israel Deaconess Medical Center between

2008 and 2019. The MIMIC-IV database was approved by the

Institutional Review Board (IRB) of the Massachusetts Institute

of Technology and Beth Israel Deaconess Medical Center

(Boston, MA, USA) and granted a waiver of informed consent.

All private information was not identifiable. The author Yihao

Li has obtained the Collaborative Institutional Training

Initiative (CITI) license (Record ID: 46484149), together with

the permission to use the MIMIC-IV database based on

pertinent rules.
2.2 Population section

Patients who underwent cardiac surgery were identified from

all patients in the MIMIC-IV database using International

Classification of Diseases (ICD) 9th and 10th Edition procedure

codes. Only data from patients’ first ICU admission were used.

Exclusion criteria encompassed the following: (1) age below 18;

(2) unable to determine AKI status; (3) died within 48 h after

surgery; (4) malignant cancers; (5) missed SII data at

ICU admission.
2.3 Data extraction and definition

Data were extracted from MIMIC-IV on the first day of ICU

admission using Structured Query Language with pgAdmin4,

including age, sex, body mass index (BMI), ethnicity, admission

type, surgical type, emergency operation, co-morbidities

[congestive heart failure, prior myocardial infarction, peripheral

vascular disease, cerebrovascular disease, chronic pulmonary

disease, liver disease, chronic kidney disease (CKD),

hypertension, and diabetes], severity of illness [Sequential Organ

Failure Assessment (SOFA) score, simplified Acute Physiology

(SAPS) Ⅱ score], medications [angiotensin-converting-enzyme

inhibitors(ACEI) or angiotensin receptor blocker (ARB), and

calcium channel blocker (CCB)], and laboratory data [white

blood cell (WBC), hemoglobin, platelet, glucose, baseline serum

creatinine, serum creatinine, blood urea nitrogen (BUN), SII].

Laboratory data were extracted at ICU admission. Intraoperative

data on packed red blood cells (PRBC) and platelets transfusion

were collected. Each blood product’s volume of transfusion was

categorized into tertiles based on equal cohort sizes. The SII

index was defined as platelet count × neutrophil count/

lymphocyte count (unit: G/L) upon ICU admission. We collected

patients’ comorbidities information via mapping ICD-9 and

ICD-10 codes to Charlson Comorbidity Index categories (20).

Cardiac surgery was designated to coronary artery bypass

grafting (CABG) exclusively, valve surgery exclusively, or a

combination of both (CABG + valve). Some intraoperative

information, such as aortic cross-clamp time and cardiopulmonary

bypass time, was not available. Less than 10% of relevant variables

were missing; multiple imputations were conducted to impute

missing data.
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2.4 Outcomes

The primary outcome was AKI within 7 days after surgery.

Secondary outcomes included severe AKI (defined as stage 2 or 3

AKI) and 30-day mortality after cardiac surgery. AKI was

defined and staged based on the Kidney Disease Improving

Global Outcomes (KDIGO) definition (21) (Supplementary

Table S1). We used the minimum serum creatinine collected

within 7 days before admission as baseline creatinine. The first

serum creatinine measured at admission was used as baseline if

pre-admission creatinine was unavailable (22). The maximum

AKI stage was determined based on all postoperative creatinine

values. We did not use the urine output criteria of the KDIGO

because previous evidence proved that they were overly sensitive

and nonspecific for postcardiac surgery patients (23, 24). For

analysis purposes, patients who died within 7 days after surgery

without AKI were assumed not to develop AKI (25).
2.5 Statistical analysis

In this study, we firstly used receiver operating characteristic

(ROC) analysis to assess the predictive ability of SII for

outcomes, and derive the optimal cutoff value (949 × 109/L) of

SII for predicting AKI using the Youden index method.

Subsequently, the cohort was divided into two groups based on

the SII-cutoff value: low SII group (SII≤ 949 × 109/L) and the

high SII group (SII > 949 × 109/L) or AKI development.

Continuous variables were presented as mean ± standard

deviation (SD) or median (interquartile range, IQR), and

intergroup comparisons were made using t-test or the Mann–

Whitney test based on the normality of the distribution.

Categorical variables were depicted as number (percentage), and

between-group comparisons were undertaken through the Chi-

square or Fisher’s exact test, as appropriate.

The restricted cubic splines (RCS) were used to flexibly model

and visualize the association between SII and AKI, severe AKI, as

well as 30-day mortality, with adjustment for variables with a

P < 0.1 in univariate logistic regression analysis. Then we utilized

a two-piecewise logistic regression model with smoothing to

examine the association threshold between SII and AKI. The

likelihood-ratio test was used to identify inflection points.

Additionally, multivariable logistic regression models were used

to identify the relationships between SII and both primary and

secondary outcomes, adjusting for confounders with a P < 0.1 in

univariate analysis. Platelet and baseline serum creatinine were

not included in the multivariable regression analysis due to

multicollinearity. Moreover, the inverse probability of treatment

weighting (IPTW) method was used to reduce potential

confounding. Weights were calculated using a multivariate

logistic model with the same covariates in the primary model.

The weighted logistic regression model with IPTW was used to

evaluate the risk for AKI within the two designated groups. We

also calculated an E-value (26) to assess the potential for

unmeasured confounding between SII and AKI incidence. The

E-value was used to quantify the extent of an unobserved
Frontiers in Cardiovascular Medicine 03
confounding factor required to nullify the observed association

between SII and AKI. Furthermore, stratification analysis was

undertaken to scrutinize whether the relationship between SII

and AKI differed across various subgroups classified by sex, age,

surgical type, pre-existing CKD, liver disease, diabetes, PRBC

transfusion, platelet transfusion, and a platelet threshold of

100 K/ul; each stratification analysis adjusted for confounding

factors based on P-value < 0.1 in univariate analysis except the

stratification factor itself.

We conducted all analyses using R Statistical Software (Version

4.2.2, The R Foundation, http://www.R-project.org) and Free

Statistics analysis platform (Version 1.8, Beijing, China). We utilized

several packages in R including “pROC”, “compareGroups”,

“foreign”, “rms”, “survminer”, “ggplot2”, “autoReg”, and “EValue”.
2.6 Sensitivity analysis

To estimate the potential bias resulting from the exclusions

because of missing SII data, we compared the baseline

characteristics between the excluded and analyzed cohorts. We

assessed the balance between the stratified cohorts using

standardized bias (standardized mean difference, SMD) (27).
3 Results

3.1 Baseline characteristics

We finally enrolled 3,799 patients in this retrospective cohort

study (Figure 1). We classified the final cohort into two distinct

group (High SII group: SII > 949 × 109/L; low SII group: SII≤
949 × 109/L) based on the optimal SII-cutoff value for predicting

CSA-AKI, and the baseline characteristics were summarized

in Table 1. The mean age (IQR) of the enrolled patients was

67.4 ± 10.9 years, and 2,792 (73.5%) were men. The incidence of

any-stage AKI was 21.6%, with a severe AKI incidence of 5.4%,

and the 30-day mortality was 0.9%. Within the high SII group,

patients were more likely to be white and admitted non-

electively. High SII patients had higher BMI, more comorbidities,

increased SAPS II scores, greater PRBC transfusion rates, and

worse outcomes.

We also presented baseline characteristics grouped by AKI

occurrence (Table 2). Most characteristics were different between

non-AKI and AKI group. Patients with AKI had worse baseline

conditions, with higher comorbidity prevalence, poorer SOFA

and SAPS II scores, increased PRBC and platelet transfusion

rates, and adverse lab parameters. However, patients without

AKI had a lower proportion of non-emergency operation,

hypertension, and prior myocardial infarction.
3.2 Predictive ability of SII

We used the ROC analysis to explore the predictive value of

SII, NLR, and platelet for primary and secondary outcomes. The
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FIGURE 1

Case inclusion flowchart of the study. MIMIC, Medical Information Mart for Intensive Care; AKI, acute kidney injury; ICU, intensive care unit; ROC,
receiver operator characteristic curve.
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initial SII showed moderately good predictive capacity for AKI

(Figure 2A), severe AKI (Figure 2B), and 30-day mortality

(Figure 2C). The cutoff value of SII for predicting AKI was

949 × 109/L, with a sensitivity of 65.8% and specificity of 76.0%.

Notably, SII exhibited superior area under the curve (AUC)

values compared to the other indices for all observed outcomes.
3.3 Primary outcome

Our analysis revealed notable disparities in the incidence of

postoperative cardiac surgery-associated AKI between patients

within the high SII group and those in the low SII group (43.0%

vs. 11.0%, P < 0.001). Subsequently, we employed RCS to model

and visualize the relationship between SII and postoperative AKI

(Figure 3A). When considering the initial SII as a continuous

variable, we observed a “J-shape” relationship between SII and
Frontiers in Cardiovascular Medicine 04
AKI within 7 days after cardiac surgery, after adjusting for

covariates with a P < 0.1 in univariate logistic regression analysis

(Supplementary Table S2). A threshold analysis was also

conducted and we found an inflection point at about 563 × 109/L

(Table 3). On the left side of the inflection point, the relationship

between SII and AKI was not statistically significant (OR, 0.999;

95%CI, 0.997∼1; P = 0.0976). On the right side of the inflection

point, the OR was 1.002 (95%CI, 1.001∼1.002; P < 0.001).
We further examined this finding using multivariate logistic

regression analyses (Figure 4 & Supplementary Table S2). Taking

low SII as the reference, high SII was associated with a

significant increase in risk of AKI after cardiac surgery (adjusted

OR, 5.33; 95%CI, 4.34–6.53; P < 0.001).

Sensitivity analyses using logistic regression analysis with

IPTW were consistent with the results of the main analysis

(adjusted OR, 3.99; 95%CI, 3.39–4.70; P < 0.001). Additionally,

we computed an E-value for unmeasured confounders. We found
frontiersin.org
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TABLE 1 Baseline characteristics according to SII on admission.

Variables Total
(n = 3,799)

SII≤ 949 × 109/L
(n= 2,546)

SII > 949 × 109/L
(n = 1,253)

P-value

Age, years 67.4 ± 10.9 67.2 ± 10.9 67.7 ± 11.0 0.207

Sex 0.059

Female 1,007 (26.5) 699 (27.5) 308 (24.6)

Male 2,792 (73.5) 1,847 (72.5) 945 (75.4)

BMI, Kg/m2 29.0 ± 5.7 28.7 ± 5.4 29.7 ± 6.1 <0.001

Ethnicity <0.001

White 2,740 (72.1) 1,788 (70.2) 952 (76)

Black 150 (3.9) 118 (4.6) 32 (2.6)

Hispanic 112 (2.9) 82 (3.2) 30 (2.4)

Others 797 (21.0) 558 (21.9) 239 (19.1)

Admission type <0.001

Elective 508 (13.4) 375 (14.7) 133 (10.6)

Emergency 2,292 (60.3) 1,567 (61.5) 725 (57.9)

Urgent 999 (26.3) 604 (23.7) 395 (31.5)

Surgical type <0.001

CABG only 2,135 (56.2) 1,422 (55.9) 713 (56.9)

Valve only 1,128 (29.7) 814 (32) 314 (25.1)

Combined (CABG + Valve) 536 (14.1) 310 (12.2) 226 (18)

Emergency operation 2,210 (58.2) 1,591 (62.5) 619 (49.4) <0.001

Co-morbidities
Congestive heart failure 983 (25.9) 553 (21.7) 430 (34.3) <0.001

Prior myocardial infarction 1,147 (30.2) 679 (26.7) 468 (37.4) <0.001

Peripheral vascular disease 496 (13.1) 322 (12.6) 174 (13.9) 0.286

Cerebrovascular disease 327 (8.6) 213 (8.4) 114 (9.1) 0.449

Chronic pulmonary disease 724 (19.1) 454 (17.8) 270 (21.5) 0.006

Liver disease 145 (3.8) 86 (3.4) 59 (4.7) 0.044

Chronic renal disease 573 (15.1) 303 (11.9) 270 (21.5) <0.001

Hypertension 1,365 (35.9) 1,024 (40.2) 341 (27.2) <0.001

Diabetes 1,321 (34.8) 854 (33.5) 467 (37.3) 0.023

Severity of illness
SOFA score 3.0 (1.0, 5.0) 3.0 (1.0, 4.0) 3.0 (1.0, 5.0) 0.348

SAPS Ⅱ 36.3 ± 11.6 35.1 ± 10.8 38.7 ± 12.8 <0.001

Laboratory data
WBC, K/ul 12.2 ± 5.1 11.2 ± 4.5 14.1 ± 5.6 <0.001

Hemoglobin, g/dl 9.9 ± 2.0 9.8 ± 1.9 10.2 ± 2.1 <0.001

Platelets, K/ul 156.9 ± 57.7 139.7 ± 45.2 191.9 ± 64.2 <0.001

Glucose, mg/dl 120.9 ± 39.6 117.8 ± 35.1 127.2 ± 46.8 <0.001

Baseline serum creatinine, mg/dl 0.9 (0.7, 1.1) 0.9 (0.7, 1.0) 0.9 (0.7, 1.1) <0.001

BUN, mg/dl 16.0 (13.0, 20.0) 15.0 (12.0, 19.0) 17.0 (14.0, 23.0) <0.001

Creatinine, mg/dl 0.9 (0.7, 1.1) 0.8 (0.7, 1.0) 0.9 (0.8, 1.2) <0.001

SII, 109/L 714.6 (451.2, 1,087.5) 526.8 (369.1, 716.7) 1,265.7 (1,092.3, 1,681.3) <0.001

Medications
ACEI/ARB 1,013 (26.7) 593 (23.3) 420 (33.5) <0.001

CCB 510 (13.4) 320 (12.6) 190 (15.2) 0.027

Loop diuretics 630 (16.6) 325 (12.8) 305 (24.3) <0.001

Transfusion
PRBC transfusion <0.001

No transfusion 3,244 (85.4) 2,223 (87.3) 1,021 (81.5)

≤330ml 55 (1.4) 38 (1.5) 17 (1.4)

>330,≤ 632 ml 251 (6.6) 160 (6.3) 91 (7.3)

>632 ml 249 (6.6) 125 (4.9) 124 (9.9)

Platelet transfusion 0.113

No transfusion 3,466 (91.2) 2,324 (91.3) 1,142 (91.1)

≤256ml 111 (2.9) 75 (2.9) 36 (2.9)

>256,≤ 339 ml 111 (2.9) 82 (3.2) 29 (2.3)

>339 ml 111 (2.9) 65 (2.6) 46 (3.7)

(Continued)
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TABLE 1 Continued

Variables Total
(n = 3,799)

SII≤ 949 × 109/L
(n= 2,546)

SII > 949 × 109/L
(n = 1,253)

P-value

Outcomes
AKI 819 (21.6) 280 (11) 539 (43) <0.001

Severe AKI 206 (5.4) 55 (2.2) 151 (12.1) <0.001

30-day mortality 34 (0.9) 13 (0.5) 21 (1.7) <0.001

Categorical variables are reported as No. (%), and continuous variables are reported as mean (SD) or median (interquartile range).

BMI, body mass index; CABG, coronary artery bypass grafting; SOFA, sequential organ failure Assessment; SAPS, Simplified Acute Physiology Score; WBC, white blood cell; BUN, blood urea

nitrogen; ACEI, angiotensin-converting-enzyme inhibitors; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; PRBC, packed red blood cells; AKI, acute kidney injury.

TABLE 2 Baseline characteristics of the AKI and Non-AKI groups.

Variables Total
(n = 3,799)

non-AKI
(n = 2,980)

AKI
(n = 819)

P-value

Age, years 67.4 ± 10.9 66.5 ± 10.8 70.7 ± 10.6 <0.001

Sex 0.05

Female 1,007 (26.5) 768 (25.8) 239 (29.2)

Male 2,792 (73.5) 2,212 (74.2) 580 (70.8)

BMI, Kg/m2 29.0 ± 5.7 28.9 ± 5.5 29.4 ± 6.2 0.204

Ethnicity 0.742

White 2,740 (72.1) 2,148 (72.1) 592 (72.3)

Black 150 (3.9) 113 (3.8) 37 (4.5)

Hispanic 112 (2.9) 87 (2.9) 25 (3.1)

Others 797 (21.0) 632 (21.2) 165 (20.1)

Admission type 0.002

Elective 508 (13.4) 395 (13.3) 113 (13.8)

Emergency 2,292 (60.3) 1,839 (61.7) 453 (55.3)

Urgent 999 (26.3) 746 (25) 253 (30.9)

Surgical type <0.001

CABG only 2,135 (56.2) 1,731 (58.1) 404 (49.3)

Valve only 1,128 (29.7) 906 (30.4) 222 (27.1)

Combined (CABG + Valve) 536 (14.1) 343 (11.5) 193 (23.6)

Emergency operation 2,210 (58.2) 1,826 (61.3) 384 (46.9) <0.001

Co-morbidities
Congestive heart failure 983 (25.9) 622 (20.9) 361 (44.1) <0.001

Prior myocardial infarction 1,147 (30.2) 852 (28.6) 295 (36) <0.001

Peripheral vascular disease 496 (13.1) 359 (12) 137 (16.7) <0.001

Cerebrovascular disease 327 (8.6) 232 (7.8) 95 (11.6) <0.001

Chronic pulmonary disease 724 (19.1) 533 (17.9) 191 (23.3) <0.001

Liver disease 145 (3.8) 98 (3.3) 47 (5.7) 0.001

Chronic renal disease 573 (15.1) 285 (9.6) 288 (35.2) <0.001

Hypertension 1,365 (35.9) 1,182 (39.7) 183 (22.3) <0.001

Diabetes 1,321 (34.8) 975 (32.7) 346 (42.2) <0.001

Severity of illness
SOFA score 3.0 (1.0, 5.0) 3.0 (1.0, 4.0) 4.0 (2.0, 6.0) <0.001

SAPS Ⅱ 36.3 ± 11.6 34.7 ± 10.8 42.1 ± 12.7 <0.001

Laboratory data
WBC, K/ul 12.2 ± 5.1 11.9 ± 4.8 13.1 ± 5.8 <0.001

Hemoglobin, g/dl 9.9 ± 2.0 10.0 ± 1.9 9.6 ± 2.1 <0.001

Platelets, K/ul 156.9 ± 57.7 152.0 ± 53.5 174.8 ± 68.2 <0.001

Glucose, mg/dl 120.9 ± 39.6 116.6 ± 34.6 136.5 ± 50.9 <0.001

Baseline serum creatinine, mg/dl 0.9 (0.7, 1.1) 0.9 (0.7, 1.0) 0.9 (0.7, 1.2) <0.001

BUN, mg/dl 16.0 (13.0, 20.0) 15.0 (12.0, 19.0) 19.0 (15.0, 27.0) <0.001

Creatinine, mg/dl 0.9 (0.7, 1.1) 0.8 (0.7, 1.0) 1.0 (0.8, 1.4) <0.001

SII, 109/L 714.6 (451.2, 1,087.5) 630.7 (428.2, 933.0) 1,156.6 (788.4, 1,644.9) <0.001

Medications
ACEI/ARB 1,013 (26.7) 702 (23.6) 311 (38) <0.001

CCB 510 (13.4) 338 (11.3) 172 (21) <0.001

Loop diuretics 630 (16.6) 358 (12) 272 (33.2) <0.001

(Continued)
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TABLE 2 Continued

Variables Total
(n = 3,799)

non-AKI
(n = 2,980)

AKI
(n = 819)

P-value

Transfusion
PRBC transfusion <0.001

No transfusion 3,244 (85.4) 2,645 (88.8) 599 (73.1)

≤330ml 55 (1.4) 38 (1.3) 17 (2.1)

>330, ≤632 ml 251 (6.6) 173 (5.8) 78 (9.5)

>632 ml 249 (6.6) 124 (4.2) 125 (15.3)

Platelet transfusion <0.001

No transfusion 3,466 (91.2) 2,752 (92.3) 714 (87.2)

≤256ml 111 (2.9) 74 (2.5) 37 (4.5)

>256, ≤339 ml 111 (2.9) 88 (3) 23 (2.8)

>339 ml 111 (2.9) 66 (2.2) 45 (5.5)

Outcomes
Severe AKI 206 (5.4) 0 (0) 206 (25.2) <0.001

30-day mortality 34 (0.9) 11 (0.4) 23 (2.8) <0.001

Categorical variables are reported as No. (%), and continuous variables are reported as mean (SD) or median (interquartile range).

BMI, body mass index; CABG, coronary artery bypass grafting; SOFA, sequential organ failure assessmenT; SAPS, simplified acute physiology score; WBC, white blood cell; BUN, blood urea

nitrogen; ACEI, angiotensin-converting-enzyme inhibitors; ARB, angiotensin receptor blocker; CCB, calcium channel blockers; PRBC, packed red blood cells; AKI, acute kidney injury.

FIGURE 2

The ROC curves of SII for detecting outcomes. (A) AKI (B) severe AKI (C) 30-day mortality. ROC, receiver operating characteristic; AKI, acute kidney
injury; AUC, area under curve; NLR, neutrophil-to-lymphocyte ratio.

FIGURE 3

Relationship between the SII and the risk of (A) AKI, (B) severe AKI, and (C) 30-day mortality. The shaded area represents 95% CI. RCS, restricted cubic
splines; AKI, acute kidney injury.
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TABLE 3 The non-linearity relationship between SII and CSA-AKI.

Threshold of SII OR 95%CI P-value*
≤563 × 109/L 0.999 0.997∼1 0.0976

>563 × 109/L 1.002 1.001∼1.002 <0.001

Non-linear test <0.001

*Adjusted for confounding factors with P-value < 0.1 in univariate analysis (Supplementary

Table S2).

FIGURE 4

The relationship between high SII level on admission and AKI within 7
days after cardiac surgery. Two different methods were used to
explore the relationship. (1) multivariable logistic regression. (2)
IPTW. AKI, acute kidney injury; IPTW, inverse probability of
treatment weighting.
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that the observed OR of 5.33 (high SII group vs. low SII group,

Figure 4) for AKI incidence could be nullified by an unmeasured

confounder with an OR of at least 4.05. This indicated that a

considerable unmeasured confounder would be needed to negate

the observed association.

The subgroup analysis was also conducted to ascertain the

consistency of the association between SII and CSA-AKI

(Figure 5). Though subgroup analysis was performed according

to confounders including sex, age, surgical type, pre-existing

CKD, liver disease, and diabetes, no significant interactions were

detected for any subgroups (P for interaction > 0.05 for all). This

suggested that the association between SII and postoperative AKI

remained consistent across various subgroup classifications.
3.4 Secondary outcome

Patients in the high SII group had higher rates of postoperative

severe AKI (12.1% vs. 2.2%, P < 0.001) and 30-day mortality (1.7%

vs. 0.5%, P < 0.001) in comparison to those in the low SII group.

We also used RCS to model and visualize the association

between SII and severe AKI (Figure 3B) and 30-day mortality

(Figure 3C). For severe AKI, a J-shaped curve was observed,

showing a positive relationship between SII and severe AKI

within 7 days after cardiac surgery, after adjusting for covariates

with a P < 0.1in univariate logistic regression analysis

(Supplementary Table S3). No significant relationship between

SII and 30-day mortality was found after adjusting for covariates

with a P < 0.1in univariate logistic regression analysis

(Supplementary Table S4).

Multivariate logistic regression analyses were used to examine

these findings (Figure 6 & Supplementary Tables S3 & S4). High
Frontiers in Cardiovascular Medicine 08
SII independently increased the incidence of severe AKI

(adjusted OR, 4.064; 95%CI, 2.820–5.858; P < 0.001). However,

there was no significant association between SII and 30-day

mortality (P = 0.853, Figure 6 & Supplementary Table S4).
3.5 Sensitivity analysis

To evaluate potential selection bias stemming from exclusions

because of missing SII data, we compared baseline characteristics

between the excluded and analyzed cohorts (Supplementary

Table S5). Patients unable to determine AKI, those who died

within 48 h, and individuals with malignant cancer were

excluded from the analysis. The SMD values for most variables

were small, indicating minimal differences between cohorts.
4 Discussion

In this large-scale cohort analysis, we showed that high

postoperative SII was associated with an increased risk of AKI

after cardiac surgery. This correlation was similarly observed for

the secondary outcome of severe AKI. Using RCS analyses, we

found that SII was associated with a J-shaped incidence of both

AKI and severe AKI. SII also showed moderately good predictive

capacity for both AKI and severe AKI. However, high SII was

not significantly associated with 30-day mortality after cardiac

surgery after adjusting for potential confounders.

CSA-AKI is the most common complication after cardiac

surgery. Over 2 million cardiac surgeries are performed worldwide

each year and the incidence of CSA-AKI spans from 5 to 42% (3).

As AKI progresses, especially when renal replacement therapy is

needed, it is linked with higher mortality rates. The occurrence

rate of dialysis-requiring AKI (D-AKI) after cardiac surgery ranges

from 1% to 6% (28). Based on a large-scale study (29), D-AKI

after cardiac surgery was linked to higher long-term mortality after

discharge and increased risks of needing dialysis and developing

major adverse cardiovascular events (MACE); moreover, even in

patients who recovered from the need for dialysis, these outcomes

were consistent. CSA-AKI is a recognized and stronger risk factor

for mortality in patients who underwent cardiac procedure. Even a

minor increment in serum creatinine levels after cardiac surgery

signifies escalated morbidity and mortality risks, with prolonged

ICU stay and augmented hospital expenditures (30). Timely

identification of CSA-AKI holds paramount importance in

enhancing prognostic outcomes.

The mechanisms of CSA-AKI are complex and involve

multiple injury pathways, of which, aggravated inflammation may

have an essential effect on the process (7). It has been reported

that elevated levels of inflammatory mediators are related to the

development of AKI. The platelet count stands as a potential

marker capable of reflecting inflammation, with elevated counts

serving as indicators of more pronounced inflammation (31).

Elevated platelet count was shown to correlate with a higher risk

of AKI (31). Similarly, the NLR, a gauge of inflammation, has

been demonstrated to associate with AKI progression (32).
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FIGURE 5

Subgroup and interaction analyses for sex, age, surgical type, pre-existing CKD, and diabetes. Multivariable logistic regression model was used to
assess the influence of high SII on AKI occurrence. Each stratification analysis adjusted for confounding factors based on P-value < 0.1 in univariate
analysis except the stratification factor itself. CABG, coronary artery bypass grafting; CKD, chronic kidney disease; PRBC, packed red blood cells.

FIGURE 6

Multivariable logistic regression model assessing the association
between high SII level and secondary outcomes. AKI, acute kidney
injury.

Li et al. 10.3389/fcvm.2024.1430776
Nonetheless, the sole reliance on a single index often proves

inadequate since these markers are always influenced by many

confounders. In this context, the SII emerges as a novel yet

comprehensive index. By integrating three distinct indicators, SII

potentially captures the equilibrium between inflammation,

thrombosis, and immunity. Earlier investigations have demonstrated

that SII had a superior ability to mirror inflammation and

predict unfavorable outcomes across diverse populations,

including AKI (31), cardiovascular disease (12), and cancer

(33). When compared with other single indexes such as NLR

and platelet, SII showed the strongest association with AKI
Frontiers in Cardiovascular Medicine 09
incidence in patients undergoing coronary angiography (31).

However, the association between SII levels and prognosis in

patients undergoing cardiac surgery remains elusive. This study

aimed to explore whether SII helped predict CSA-AKI.

The findings in this study demonstrated that the incidence of

CSA-AKI was high, and elevated SII was an important risk factor

for both AKI and severe AKI after cardiac procedures. A strong

inflammatory response is often observed after cardiac surgery.

Surgical injury, cardiopulmonary bypass, blood infusion, and

ischemia-reperfusion are correlated with the activation of many

inflammatory response pathways (1). Previous investigations have

similarly highlighted a surge in postoperative inflammatory

cytokine concentrations, correlating with subsequent AKI

diagnosis and amplified mortality risk (34). The findings from

this study accentuated that postoperatively elevated SII served as

an indicator of exacerbated inflammation in individuals

undergoing cardiac surgery. This, in turn, signified a heightened

vulnerability to AKI development. Importantly, we found that SII

had a better predictive performance for AKI than other single

indexes, such as NLR and platelet. Moreover, our research

underscored that SII was independently associated with the

development of both AKI and severe AKI after cardiac surgery,

even using several methods to adjust potential confounders.

Given the implications of these findings, there is a need to

continue to monitor SII and explore the relationship between SII

and CSA-AKI further.
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SII is determined using the counts of neutrophils, lymphocytes

and platelets in its calculation. A decrease in platelet or neutrophil

count results in a lower SII value, while critically ill patients often

experience neutropenia or thrombocytopenia, which predict poor

outcomes. In Figure 3A, a J-shaped relationship between SII and

AKI is depicted. Lower SII theoretically suggests that the patients

may be experiencing severe inflammation or immunosuppression,

which could potentially explain the J-shaped relationship we

observed. However, when SII was less than 563 × 109/L, the

relationship between SII and AKI was not statistically significant.

The association between SII and prognosis in other populations

has also been controversial in prior research. Jiang et al. (35)

discovered a J-shaped relationship between SII and mortality in

septic patients, but also found no significant difference in the

increased mortality risk in the lowest quartile group. Wu et al.

(36) identified a linear positive association between SII and

mortality in acute ischemic stroke patients. Notably, we

conducted an interaction analysis using a clinical platelet

threshold of 100 K/μl and found that SII was consistently

associated with AKI in both the high (>100 K/μl) and low

(≤100 K/μl) platelet groups. Thus, examining the dynamic SII

levels after cardiac surgery is needed to enhance the assessment

of patient prognosis. Future prospective studies are needed to

confirm whether there is an increased risk of AKI when SII is low.

The 30-day mortality was 0.9% among patients undergoing

cardiac surgery in this research. Previous studies have

consistently underscored the positive linkage between SII and

mortality. Yiyuan et al. conducted a 20-year follow-up cohort

study involving 42,875 US adults, revealing a close correlation

between SII and both cardiovascular death and all-cause

mortality (14). Lan et al. reported an association between SII and

mortality in patients with AKI in a J-shaped pattern, indicative

of increased risk (16). Shui et al. conducted a meta-analysis

showcasing that increasing SII values were independently

associated with poor survival in patients with pancreatic cancer

(37). Though SII was an independent risk factor for short-term

mortality across various populations, we found that SII was not

associated with 30-day mortality in patients undergoing cardiac

procedures after adjusting for potential confounders. This

discrepancy might be attributed to varying levels of inflammation

across different diseases, while there are differential degrees of

correlation between inflammation and mortality across diverse

populations. The insignificant association could also be

influenced by the relatively low 30-day mortality rate within our

study cohort. However, considering the established connection

between inflammation and mortality, alongside our observations

indicating SII’s moderate diagnostic capacity for predicting

mortality, it is advisable for subsequent investigations to closely

examine the relationship between SII and mortality following

cardiac surgery, as well as other pertinent outcomes.

Since previous study about SII in cardiac surgery was limited, we

conducted a large-scale retrospective cohort study and found a

significant association between SII and CSA-AKI. The large

sample size bolstered the reliability of the findings. Nevertheless,

there are deficiencies in our study. First, this retrospective

observational and single-center research is subject to inherent
Frontiers in Cardiovascular Medicine 10
limitations. Despite employing various methods to confirm the

independent effect of SII on AKI, potential bias and confounding

factors may have influenced the conclusions. Thus, we further

used the E-value to assess the degree of unmeasured confounders,

and we found that an unmeasured confounder was difficult to

negate the observed relationship between SII and CSA-AKI. It is

also hard to define an absolute range of SII to differentiate AKI

outcome due to the retrospective nature. Second, we only included

the initial SII value following cardiac surgery for analysis.

Preoperative SII may captures the presurgical equilibrium between

inflammation, thrombosis and immunity, which can be disrupted

by the surgery. Regrettably, the extensive amount of missing data

prevented us from incorporating preoperative SII into our

research. Delta SII (postoperative SII—preoperative SII) may

serve as an indicator of alterations in inflammation, thrombosis,

and immunity levels, warranting further investigation in the

subsequent phase of our study. Third, certain pertinent information,

particularly intraoperative details like cardiopulmonary bypass time,

were not available in the MIMIC database. Postoperative cardiac

function is known to be associated with prognosis in patients who

undergo cardiac surgery, and yet postoperative echocardiographic

data were lacking in this study. The independent effect of SII on

AKI, assessed without this information, may weaken its potential

clinical utility. Fourth, a substantial number of patients were

excluded because of missing SII data in the database, which

introduced a degree of selection bias. Hence, we conducted a

comparison of baseline characteristics between the excluded and

analyzed cohorts and observed minimal disparity between the two

groups. This suggested that missing data may have little impact on

the conclusion. Fifth, platelet transfusion elevates SII directly,

creating a misleading picture of inflammation and immune status as

reflected by SII; hence, its utility as a marker in this context

warrants further exploration. Sixth, though SII exhibited satisfactory

predictive ability, the SII alone was insufficient to predict CSA-AKI.

However, since we found a significant association between elevated

SII and a higher risk of AKI, we suggest considering SII as a

predictor when SII exceeds 563 × 109/L and clinicians are advised to

be highly vigilant of a higher risk of CSA-AKI when SII exceeds

949 × 109/L. The causal relationship between postoperative SII and

CSA-AKI warrants prospective research.

In summary, this study suggested that postoperative increased

SII levels might be related to postoperative AKI in patients

undergoing cardiac surgery.
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