
Systemic Immune-Inflammation Index Predicts Acute Kidney Injury 
after Cardiac Surgery: A Retrospective Observational Study

Objectives: Inflammation plays an essential role in the development of postoperative acute kidney injury (AKI) in patients receiving cardiac surgery. 
The study aims to examine the predictive value of the systemic immune-inflammation index (SII), a new biomarker reflecting systemic inflammation, 
in the development of AKI following cardiac surgery in patients who had coronary artery bypass grafting (CABG).
Methods: Patients who received CABG operation in 2022 were retrospectively examined. The incidence of AKI 7 days postsurgery using Kidney Dis-
ease Improving Global Outcomes criteria was the primary outcome. The patients were classified into the AKI (n=160) and non-AKI groups (n=424). 
Patients were compared in terms of basic clinical features, operative characteristics, postoperative variables, and hematological indices derived from 
preoperative complete blood count analysis. The ability of SII to predict AKI was assessed using receiver-operating characteristic (ROC) curve analy-
sis. Multivariate logistic regression analysis was used to determine the independent relationship between the development of SII and AKI. 
Results: In this investigation, the incidence of AKI was 25.6%. eGFR, serum albumin, and hemoglobin were significantly lower in the AKI group, whereas 
body mass index, hypertension, serum creatinine, neutrophil–lymphocyte ratio, platelet–lymphocyte ratio, and SII were significantly greater. The preop-
erative SII cutoff of 651.7 predicted AKI with 65.0% sensitivity and 64.9% specificity. The area under the ROC curve was 0.718 (95% confidence interval 
0.676–0.760).
Conclusion: Preoperative SII may be a simple, inexpensive, and useful prognostic biomarker in predicting postoperative AKI in patients undergoing CABG.
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Introduction
Acute kidney injury (AKI) after cardiac surgery is one of 
the most frequent and significant complications found in 
patients undergoing open heart surgery. High mortality 
and morbidity are linked to AKI.[1,2] It has been revealed 
that the incidence of AKI after cardiovascular surgery is 
5%–42%, and the incidence of renal replacement therapy 
(RRT) is 2%–8%.[3-5] There is no developed treatment for AKI 
after cardiovascular surgery An opportunity to create early 
identification and intervention techniques to improve out-
comes may arise from an accurate assessment of AKI. Vari-
ous risk-scoring models with independent risk factors have 

been created in previous studies to increase AKI predict-
ability.[4-7] Due to the inconsistent risk factors found in this 
research or the expensive price of new biomarkers, there is 
still a need to discover a clinically meaningful and afford-
able risk factor for AKI.

Atherosclerosis is a major contributor to coronary artery dis-
ease and is highly linked with an ongoing inflammatory re-
sponse.[8,9] The role of direct inflammatory injury in addition 
to intraoperative ischemia-reperfusion injury, endothelial 
cell dysfunction, and apoptosis in the pathogenesis of AKI 
is well known.[10,11] However, there are limited studies investi-
gating the impact of inflammation due to preoperative ath-
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erosclerosis and other comorbid conditions on postoperative 
complications in patients who will be operated on for coro-
nary artery bypass grafting (CABG). The neutrophil×platelet/
lymphocyte ratio-based systemic immune-inflammation in-
dex (SII), which combines three inflammatory peripheral cell 
counts to take patients' inflammatory and immunological 
status into account, was recently developed.[12,13] This index 
has been reported to have a predictive value for mortality 
in patients with cardiovascular disease, including coronary 
artery disease and acute coronary syndrome.[14,15] In cardiac 
surgery, preoperative SII value has been linked with major 
negative outcomes such as postoperative atrial fibrillation 
(AF), prolonged mechanical ventilation, intra-aortic balloon 
pump (IABP) requirement, and mortality.[16-18] However, the 
literature on the usefulness of preoperative SII in predicting 
the occurrence of AKI after cardiac surgery, particularly in pa-
tients undergoing isolated CABG, is limited. As a result, this 
study mainly aimed to examine the predictive accuracy of SII 
for the formation of AKI in patients receiving CABG. 

Methods
Ankara City Hospital's local ethics committee approval 
(approval no: E1-22-2983, date: 19.10.2022) was obtained 
for the study. The records of 660 patients who had car-
diopulmonary bypass (CPB) during CABG in our hospital's 
operating theater for cardiovascular surgery between Jan-
uary 2022 and December 2022 were then retrospectively 
examined. Patients with preoperative evidence of acute 
or chronic infection, patients with systemic inflammatory 
or autoimmune dysfunction, patients with dialysis-depen-
dent chronic kidney disease (CKD), patients with recurrent 
cardiac surgery, patients who need preoperative or post-
operative IABP/extracorporeal membrane oxygenation 
(ECMO), and patients who were reoperated and/or died 
due to bleeding revision in the first week were removed 
from the study (Fig. 1). The files of the remaining 624 pa-
tients had the baseline complete blood count needed for 
inflammatory indices and all available clinical data. For the 
post hoc analysis, these patients were deemed fully eval-
uable. The need for informed consent was waived for this 
retrospective study. All procedures were conducted to the 
Declaration of Helsinki.

Patients' age, gender, body mass index (BMI), comorbidities, 
left ventricular ejection fraction, and preoperative labora-
tory data (blood urea, serum creatinine [sCr], determined 
glomerular filtration rate [eGFR], blood glucose level, gly-
cosylated hemoglobin [HbA1c]), hemoglobin, neutrophils, 
lymphocytes, platelets, and C-reactive protein (CRP) were 
noted. Neutrophil–lymphocyte ratio (NLR), platelet–lym-
phocyte ratio (PLR), and SII (neutrophil×platelet/lympho-
cyte) values were determined. In the intraoperative period, 

cross clamp (CC), CPB, operation times, totally infused intra-
venous fluid (excluding blood product), blood and blood 
products, amount of urine, and need for diuretic and ino-
tropic agents were recorded. The Kidney Disease Improving 
Global Outcomes (KDIGO) criteria, which classify AKI based 
on the highest change in sCr from preoperative baseline 
levels, were used to characterize the incidence of AKI.[19] 
All patients who met the KDIGO requirement for stages 1, 
2, and 3 were considered to have AKI. A new requirement 
for dialysis following surgery is known as RRT. Postoperative 
result variables included extubation time, length of hospi-
tal and intensive care unit (ICU) stay, postoperative compli-
cations (AF, cerebrovascular accident), the requirement for 
erythrocyte suspension, and 30-day mortality.

Statistical Analysis
The IBM SPSS.25.0 software was employed for all dates ex-
amined. Categorical variables were defined as frequencies 
and percentages and analyzed with the Chi-squared test 
or Fisher's exact test. Continuous variables were presented 
as mean±SD (standard deviation) or medians (interquartile 
range) and to examine the differences between the two 
groups, the normality test (Kolmogorov–Smirnov) Mann–
Whitney U test or Student’s t-test were employed. To gather 
information on systemic inflammatory indices' capacity to 
predict AKI, a receiver-operating characteristic (ROC) curve 
was created. The area under the curve (AUC) was used 
to evaluate the ROC curve. Youden's index (J=sensitivi-
ty+specificity−1) was used to determine the most appropri-
ate cutoff value. A model for multivariate logistic regression 
analysis was developed using factors that showed statisti-
cal significance in univariate logistic regression to identify 
the predictors of AKI. To prevent multicollinearity, NLR, PLR, 
neutrophil, lymphocyte, and platelet were excluded from 

Figure 1. Flowchart of the patients.

CABG: coronary artery bypass grafting; CKD: chronic kidney disease; iabp, int-
ra-aortic balloon pump; AKI: acute kidney injury; ECMO: extracorporeal memb-
rane oxygenation.
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the multivariate logistic regression model. The Hosmer–
Lemeshow test was employed for model fit. p<0.05 was 
considered significant in all comparisons. The sample size 
was established by the number of cases between the giv-
en dates, and posthoc power analysis was done using the 
total number of patients. After the study was completed, 
SII (measurement with the difference between groups) val-
ues were used for power analysis. According to this; Pow-
er analysis was conducted with G*Power 3.1.9.7 statistical 
package program; n=624 (n1=160, n2=464), α=0.05, effect 
size (d)=0.3; power=93% was observed.

Results
The data of 624 patients included in the study were exam-
ined retrospectively. The patients were classified into two 
groups patients who developed AKI (all patients with KDI-
GO stages 1, 2, and 3, Group AKI) and patients who did not 

develop AKI (Group NoAKI). According to KDIGO criteria, 
stage 1 AKI was found in 134 patients in Group AKI within 
the first 7 days postoperatively, stage 2 in 21 patients, and 
stage 3 in 5 patients. RRT was required in 4 patients. The in-
cidence of AKI in this investigation was 25.6% (n=160). There 
was no statistical difference between the groups in terms of 
age, gender, ejection fraction, and comorbidities (diabetes, 
hyperlipidemia, chronic obstructive pulmonary disease, and 
previous cerebrovascular disease) (p:>0.05). Hypertension 
rate and BMI were statistically considerably lower in the AKI 
group (p:0.047, p:0.002, respectively). sCr, blood urea, NLR, 
PLR, and SII values were observed to be statistically signifi-
cantly greater in the AKI group (p:0.004, p:<0.001, p:<0.001, 
p:<0.001, p:<0.001, respectively) (Table 1). Albumin, eGFR, 
hemoglobin, and lymphocyte levels were statistically signifi-
cantly lower in the AKI group (p:<0.001, p:<0.001, p:0.002, 
p:<0.001, respectively) (Table 1).

Table 1. Baseline characteristics and laboratory data

 NoAKI (n=464) AKI (n=160) p*
 Mean±SD Mean±SD

Gender (M), n(%) 380 (81.9) 127 (79.4) 0.481
Age (year) 60.49±9.4 62.13±8.0 0.051
BMI (kg/m2) 28.25±3.4 29.29±3.66 0.002
EF (%) 52.99±6.8 52.07±7.2 0.162
Hypertension, n(%) 165 (35.6) 71 (44.4) 0.047
Diabetes, n(%) 182 (39.2) 64 (40.0) 0.863
Hyperlipidemia, n(%) 108 (23.3) 36 (22.5) 0.841
COPD, n(%) 51 (11.0) 20 (12.5) 0.604
Cerebrovascular disease, n(%) 19 (4.1) 6 (3.8) 0.848
Baseline laboratory data

 Median (IQR) Median (IQR) 

Serum creatinine (mg/dL) 0.90 (0.8–1.0) 0.94 (0.8–1.1) 0.004
Blood urea (mg/dL) 34.00 (28.0–41.0) 38.0 (32.0–45.0) <0.001
eGFR (ml/min/1.73 m2) 88.00 (75.0–99.0) 80.00 (66.0–95.0) <0.001
Blood glucose level (mg/dL) 111.00 (93.0–154.5) 120.00 (101.5–156.5) 0.065
HbA1c (%) 7.00 (6.0–9.1) 7.05 (6.0–8.3) 0.728
Serum albumin (g/dL) 43.00 (40.0–45.0) 41.00 (38.0–44.0) <0.001
CRP (mg/dL) 3.2 (1.5–7.6) 3.8 (1.9–9.0) 0.785
Hemoglobin (g/dL) 14.00 (12.9–14.9) 13.60 (12.0–14.6) 0.002
Neutrophil (103/µL) 4.93 (4.0–6.0) 4.76 (3.9–5.9) 0.402
Lymphocyte (103/µL) 2.18 (1.7–2.7) 1.60 (1.3–1.84) <0.001
Platelet (103/µL) 243.00 (204.5–286.0) 259.50 (212.5–309.0) 0.051
NLR 2.25 (1.7–2.9) 2.99 (2.4–3.7) <0.001
PLR 112.26 (86.7–142.5) 155.46 (132.1–199.9) <0.001
SII 541.17 (388.5–758.8) 747.18 (577.9–1043.2) <0.001

COPD: chronic obstructive pulmonary disease; SD: standard deviation; BMI: body mass ındex; EF: ejection fraction; CRP: C-reactive protein; eGFR: estimated 
glomerular filtration rate; Hb: hemoglobin; NLR: neutrophil–lymphocyte ratio; PLR: platelet–lymphocyte ratio; SII: systemic immune-inflammation index.

*Bold values indicated p:<0.05, The independent samples t-test was used for continuous variables (mean±SD), the Mann–Whitney U test was used for 
continuous variables (median, IQR), and the Chi-square test was performed for categorical variables (n, %).
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In the intraoperative period, the mean duration of CPB-
packed red blood cell (pRBC) transfusion, and the propor-
tion of patients in need of dobutamine and diuretics were 
observed to be statistically significantly higher in the AKI 
group. The proportion of patients in Group AKI who required 
only a pRBC transfusion during the postoperative phase was 
found to be statistically greater (p: 0.041) (Table 2).

We employed preoperative SII, NLR, and, PLR values for ROC 
analysis. The optimal value of the SII level in identifying AKI 
was 651.37 with a sensitivity of 65.0% and a specificity of 
64.9%. Notably, the SII's AUC value (0.760) for detecting AKI 

was substantially greater than the NLR's and the PLR's com-
bined AUC values (AUC: 0.556 vs. AUC: 0.554, respectively, 
Fig. 2).

A model was developed for multivariate regression analysis 
from the parameters reported to be potential risk factors for 
AKI in univariate logistic regression analysis (Table 3). Accord-
ing to the findings of multivariate logistic regression analy-
sis, there was a higher risk of AKI in patients with BMI ≥ 30 
kg/m2 (1.7 times), patients with preoperative sCr > 1.3 mg/
dL (2.3 times), patients with preoperative serum albumin < 
4 g/dL (1.9 times), in patients who require pRBC transfusion 

Table 2. Intraoperative and postoperative variables

  No AKI (n=464) AKI (n=160) p*
  Mean±SD Mean±SD 

Intraoperative Period
 Duration of CC (dk) 63.20±18.8 64.72±18.4 0.373
 Duration of CPB (dk) 100.05±25.9 107.96±28.6 0.002
 Duration of operation (dk) 312.21±48.7 320.47±37.2 0.051
pRBC transfusion, n (%)   
 0 unit 359 (77.4) 96 (60.0) 
 1–3 units 101 (21.8) 60 (37.5) <0.001
 4–6 units 4 (0.9) 4 (2.5) 
FFP transfusion, n(%)   
 0 unit 405 (87.3) 131 (81.9) 
 1–3 units 57 (12.3) 26 (16.3) 0.086
 4–6 units 2 (0.4) 3 (1.9) 
PC transfusion, n(%)   
 0 unit 462 (99.6) 158 (98.8) 0.263
 1 unit 2 (0.4) 2 (1.3) 
Total intravenous fluid (ml) 1607.03±537.7 1559.17±429.5 0.382
Total urine output (ml) 915.11±498.5 958.26±461.8 0.392
Dopamine, n(%) 86 (18.5) 39 (24.4) 0.111
Dobutamine, n(%) 29 (6.3) 20 (12.5) 0.011
Steradine, n(%) 7 (1.5) 4 (2.5) 0.411
Adrenalin, n(%) 4 (0.9) 4 (2.5) 0.112
Diuretic, n(%) 50 (10.8) 32 (20.0) 0.003
Postraoperative Period

  Median (IQR) Median (IQR) 

CVD SVD, n(%) 30 (6.5) 9 (5.6) 0.705
AF, n(%) 52 (11.2) 17 (10.6) 0.840
pRBC transfusion, n(%) 150 (32.3) 66 (41.3) 0.041
Extubation time (>12 h), n(%) 8 (1.7) 2 (1.3) 0.680
ICU stay (h) 24 (20–24) 24 (22–48) 0.800
Hospital stay (day) 7 (6–12) 7 (6–12) 0.343
Mortalite, n(%) 6 (1.3) 2 (1.3) 0.967

SD: standard deviation; CC: cross clamp; CPB: cardiopulmonary bypass; pRBC: packed red blood cell; FFP: fresh frozen plasma; CVD: cerebrovascular diseases; 
AF: atrial fibrillation; PC: platelet concentrate.

*Bold values indicated p:<0.05. The independent samples t-test was used for continuous variables (mean±SD), the Mann–Whitney U test was used for 
continuous variables (median, IQR), and the Chi-square test was performed for categorical variables (n, %).
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during surgery (1.8 times), who need intraoperative diuretics 
(1.8 times), in patients with CPB time > 120 min (1.7 times), 
patients with preoperative SII > 651.37 (3.3 times) (p:<0.05).

Discussion
In this retrospective study, it was revealed that preoperative 
SII value may be a significant and independent predictor 
of postoperative AKI in patients receiving isolated CABG. 
However, obesity, preoperative creatinine elevation, hypo-
albuminemia, intraoperative pRBC transfusion, diuretic re-
quirement, and long CPB duration were validated as inde-
pendent risk factors among other predictive risk factors in 
previous studies. Moreover, compared to NLR and PLR, the 
preoperative SII value demonstrated a better effective dis-
crimination ability for AKI. Postcardiovascular surgery AKI is 
an independent risk factor that increases cost and morbid-
ity and in-hospital mortality.[1,2] However, positive results 
can be attained if therapeutic interventions are undertak-
en within 24–48 h.[20] Thus, early risk factor identification by 
anesthesiologists and surgeons is crucial to lowering mor-
tality and improving prognosis in patients with AKI.

Inflammation has been associated with many diseases, in-
cluding chronic heart failure, cancer, metabolic problem, 
and cardiovascular disease.[21-23] In patients with coronary 
artery disease, atherosclerosis is now recognized not only 
as a cholesterol disorder accumulating on the vessel walls 
but also as a continuous, dynamic, and inflammatory pro-
cess in the vascular system.[8,9] It has been demonstrat-
ed that endothelial damage and occlusive intravascular 
platelet aggregation contribute to the pathophysiology 
of atherosclerosis and acute coronary syndrome.[24] This 
platelet activation adheres to the endothelium during 
the coronary artery disease process, releasing a variety 
of proinflammatory cytokines. Moreover, it leads to neu-
trophil adhesion. Inflammatory mediators are secreted 
by neutrophils, which can control inflammatory respons-

Table 3. Univariate and multivariate logistic regression

   Univariate   Multivariate

  p OR %95 CI p OR %95 CI

BMI ≥ 30 kg/m2 0.012 1.676 1.122–2.503 0.013 1.757 1.127–2.741
Hypertension 0.048 1.446 1.003–2.083   
Preoperative hemoglobin ≤ 10 g/dL 0.019 3.436 1.226–9.633   
Preoperative blood urea ≥ 40 mg/dL 0.005 2.077 1.241–3.474   
Preoperative sCr > 1.3 mg/dL <0.001 2.713 1.598–4.608 0.006 2.303 1.278–4.151
Preoperative eGFR < 90 ml/min/1.73 m2 0.004 1.721 1.185–2.501   
Preoperative serum albumin < 4 g/dL <0.001 2.095 1.439–3.051 0.002 1.929 1.276–2.916
Preoperative SII > 651.37 <0.001 3.397 2.331–4.950 <0.001 3.345 2.251–4.973
pRBC transfusion during surgery <0.001 2.279 1.553–3.346 0.004 1.839 1.209–2.796
Intraoperative dobutamin use 0.013 2.143 1.175–3.907   
Intraoperative furosemid use 0.003 2.070 1.273–3.365 0.030 1.800 1.057–3.062
CPB time > 120 min 0.003 1.906 1.238–2.936 0.029 1.706 1.055–2.759

OR: odds ratio; CI: confidence interval; BMI: body mass index; sCr: serum creatinine; pRBC: packed red blood cells; CPB: cardiopulmonary bypass; eGFR: 
estimated glomerular filtration rate; SII: systemic immune-inflammation index.

Figure 2. ROC curve analysis to establish the predictive value of SII, 
NLR, and PLR for AKI.

ROC: receiver-operating feature; AUC: area under the curve; NLR: neutrophil–ly-
mphocyte ratio; PLR: platelet–lymphocyte ratio; SII: systemic immune-inflam-
mation index.
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es. They may also demonstrate vigorous chemotaxis and 
phagocytosis. An increased neutrophil count shows an 
overactivated inflammatory response. Lymphocytes play 
a major role in specialized immunity. Inflammation and 
reduced lymphocyte count are two characteristics of 
weakened immunity. Hematological parameters such as 
neutrophils, platelets, and lymphocytes acquired from 
the complete blood count are potential markers of this 
inflammation. For instance, NLR is an indicator of critical 
stenosis and has been linked with both the severity and 
plaque morphology of coronary atherosclerotic disease.
[25] Similar to NLR, PLR has also been shown to be a reli-
able indicator of advanced atherosclerosis.[26] For these 
reasons, coronary artery patients are operated on with 
varying degrees of inflammatory load, depending on the 
severity of the disease. As a result, we sought to assess 
preoperative inflammation and determine the prognostic 
value of AKI, one of the problems that follow heart sur-
gery that is frequently reported.

In this study, SII was employed as a measure of systemic 
inflammatory response for AKI. In a noninvasive, widely 
accessible full blood count, SII is easily collected. It is an 
innovative inflammatory biomarker that combines neu-
trophil, lymphocyte, and platelet counts to represent the 
overall inflammatory state of the body. The predictive val-
ue of this indicator has been investigated in studies on a 
variety of disorders. It was initially investigated for poor 
outcomes in cancer patients.[27,28] Subsequently, the pre-
dictive accuracy of SII for mortality in chronic heart failure 
cases was demonstrated.[29] Similar findings have been 
made with coronary artery patients who have received 
the percutaneous coronary intervention, showing it to be 
an independent predictor for significant cardiovascular 
events, including abrupt cardiac death.[30] There are also 
studies analyzing the association between preoperative 
SII and postoperative complications in patients undergo-
ing cardiac surgery. In a study performed on patients op-
erated on for acute type A aortic dissection, it was found 
that preoperative SII was predictive for predicting post-
operative multiorgan failure and 30-day mortality.[18] In 
another study, preoperative SII in patients who received 
on-pump CABG; has been linked to longer postoperative 
mechanical ventilation and ICU stay, AF, increased require-
ment for inotropic support, IABP support, and other in-
fections other than sepsis.[17] To our knowledge, our study 
is the first to assess SII particularly in predicting AKI after 
CABG and isolated showed that SII was independently as-
sociated with AKI in patients undergoing CABG. Accord-
ing to our multivariate analysis result, we revealed that 
the risk of AKI increased 3.3 times with a cutoff value of 
SII>651.37 (65.0% sensitivity, 64.9% specificity).

It has been demonstrated that preoperative NLR eleva-
tion is determinative for both postoperative AKI and RRT 
requirements.[31] However, in patients receiving CABG, a 
high preoperative NLR was linked to poor baseline renal 
function.[32] Similar to NLR, preoperative PLR can be used 
as an independent indicator of AKI following cardiac sur-
gery.[33] In comparison to either of these markers alone, 
SII can more accurately reflect the body's immunological 
and inflammatory condition.[34] Furthermore, several pre-
vious studies have contrasted the prognostic importance 
of the index with its components, including NLR or PLR. 
For instance, SII values have been demonstrated to predict 
postoperative AF more efficiently than NLR or PLR in pa-
tients undergoing isolated CABG.[16] Remarkably, we also 
discovered in our study that SII has a higher AUC for AKI 
compared to the AUC of NLR or PLR. This could be justified 
by the idea that calculating SII by adding platelet count 
to the NLR would simultaneously assess the aggregation 
route and the inflammatory pathway.[35,36]

In addition to SII, our study also showed that obesity, pre-
operative creatinine elevation, hypoalbuminemia, intra-
operative pRBC transfusion, diuretic need, and prolonged 
CPB duration may all be risk factors for postoperative AKI. 
The secondary findings of our study are mostly consistent 
with previous studies analyzing risk factors for cardiac sur-
gery-related AKI.[4,37-39] Adding preoperative SII to these 
risk factors may also enhance the selection of high-risk pa-
tients. The patient's risk for AKI can help doctors prepare for 
intraoperative and postoperative follow-up/management. 
In the high-risk patient group, such prevention of intraop-
erative nephrotoxic agents, optimization of intravascular 
volume, improvement perfusion during CPB, and prophy-
lactic renal protective measures like mannitol/fenoldopam 
can be taken. Moreover, RRT can be initiated early or an-
ti-inflammatory medication can be used, albeit there isn't 
enough evidence to support either one yet.[20,40]

Limitations
This research has several limitations. First, it was a sin-
gle-center retrospective analysis. Some patients were ex-
cluded because of missing variables. The correlation be-
tween AKI and SII was found using spot laboratory data. 
Unfortunately, data on postoperative SII were not ob-
tained. Inflammation caused by the CPB pump can cause 
bias. These results will need to be confirmed by a larger 
sample size prospective research.

In conclusion, the risk stratification method in cardiac sur-
gery cohorts should adequately address the inflammatory 
profile of patients. As a simple, easily calculable, and repro-
ducible inflammatory marker, SII is independently associat-
ed with an elevated risk of AKI in patients receiving CABG.
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