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Introduction

Abstract

Background: Previous studies have shown that high-sensitivity C-reactive
protein (hs-CRP) was an independent risk factor for Contrast-Induced Acute
Kidney Injury (CI-AKI). However, the relationship between new inflammatory
indicators (eg. NLR, Neutrophil to Lymphocyte Ratio; MLR, Monocyte to
Lymphocyte Ratio; PLR, Platelets to Lymphocyte Ratio) and CI-AKI remains
unclear.

Methods: It was a multicenter retrospective observational study. Patients
undergoing elective percutaneous coronary angiogram with creatinine record
pre- and post-operative in 72hrs were recruited into this study from January 2015
to December 2019. All patients were divided into CI-AKI and non-CI-AKI groups.
Multivariate logistic regression was used to explore the predictive value of
inflammation indicators on CI-AKI. The receiver operating characteristic (ROC)
curve was used, and the area under the ROC curve (AUC) were calculated.

Results: Totally 3545 patients were enrolled, and 15.0% (532/3545)
patients suffered from CI-AKI. Multivariate logistic regression analysis indicated
that hs-CRP (OR 1.025, 95% CI 1.014-1.036, P<0.001) was an independent
risk factor for the incidence of CI-AKI. NLR (OR 1.121, 95% CI 1.078-1.165,
P<0.001), MLR (OR 5.672, 95% CI 3.400-9.463, P<0.001), PLR (OR1.043, 95%
Cl 1.024-1.062, P=0.001) were also independent risk factors for the incidence of
CI-AKI. All the results were confirmed in the subgroup analysis, and the results
were consistent.

Conclusions: Elevated levels of inflammatory indicators, including hs-CRP,
NLR, MLR, and PLR are independent risk factors for the incidence of CI-AKI in
patients undergoing percutaneous coronary angiogram.

Keywords: Contrast-induced acute kidney injury; Inflammatory indicators;
Neutrophil to lymphocyte ratio; Monocyte to lymphocyte ratio; Platelets to
lymphocyte ratio; Percutaneous coronary angiogram

The pathogenesis of CI-AKI has not yet been fully clarified.
It was reported that decreased renal blood perfusion and renal

Coronary Artery Disease (CAD) which has a mortality rate
of approximately 13%, ranks as the third leading cause of death in
China. Coronary Angiography (CAG) and Percutaneous Coronary
Intervention (PCI), which are the gold standard for vascular
assessment and effective therapy for CAD patients, are widely used.
However, complications of these procedures have been gradually
brought to attention. Contrast-Induced Acute Kidney Injury (CI-
AKI) remains one of the most common complications of these
procedures, which is significantly associated with prolonged
hospitalization, medical expense and increased short-term or long-
term mortality [1,2]. It was found that the incidence of CI-AKI in
patients with serum creatine (Scr) >176umol/L before CAG occurs
in up to 20-30% [3], and is generally considered to be the third most
common cause of in hospital AKI [4,5].

tubular epithelial damage caused by oxygen free radicals will lead
to renal medullary ischemia hypoxia damage [6-9]. The occurrence
of CI-AKI might be associated with decreased coronary blood flow,
hemodynamic instability, renal micro-thrombosis, inflammatory
impairs, drug toxicity and other factors [10,11]. However, there are
no recognized particularly effective preventive measures of CI-AKI
except volume expansion, according to the latest European Society
of Urogenital Radiology (ESUR) guidelines. It is a necessity and
feasibility to further explore the underlying mechanism of CI-AKI
[5,12,13].

Complete blood count (CBC) is a simple, inexpensive, and
routine examination that can provide us with a wealth of blood-
related information, including the number and size of Red Blood
Cells (RBCs), White Blood Cells (WBCs), Platelets (PLTs) and other
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cell subgroups. Neutrophil to Lymphocyte Ratio (NLR), Monocyte to
Lymphocyte Ratio (MLR), and Platelets to Lymphocyte Ratio (PLR)
have been proposed as surrogate indicators of endothelial dysfunction
and inflammatory response, and has prognostic values [14-16].
Studies showed that NLR was related to the incidence and mortality
of STEMI, NSTEMI, and acute cerebral infarction [17,18]. Elevated
levels of PLR reflect inflammation status, atherosclerosis and platelet
activation[19]. Recently, some studies found that PLR level in patients
with CI-AKI were significantly higher than that in patients without
CI-AKI after PCI or CAG. This indicated that elevated PLR might be a
potential predictor of CI-AKI [20-24]. PLR has also been proven to be
an inexpensive and convenient method to predict the occurrence of
CI-AKI after PCI or CAG in patients with Acute Coronary Syndrome
(ACS) [20-24]. However, the relationship between PLR and CI-AKI
in chronic coronary syndrome remains unclear. MLR also serves as a
highly stable composite inflammatory index. However, few studies to
explore the relationship between MLR and CI-AKI, and rare study to
include NLR, PLR, and MLR simultaneously.

The current study evaluates the inflammation indicators
(hsCRP, NLR, MLR and PLR) before elective percutaneous coronary
angiogram, and to explore the early predictive value of inflammation
indicators for CI-AKI.

Methods
Study Design and Setting

All consecutive eligible patients underwent elective percutaneous
coronary angiogram were retrospectively recruited into this study
from January 2015 to December 2019 at Sir Run Run Shaw Hospital
and its medical consortium hospitals. Exclusion criteria were: (1)
patients with Contrast Media (CM) use within 1 week before PCI (2)
patients with nephrotoxic drugs use within 2 weeks; (3) allergic to
CM; (4) patients with pre-existing end stage renal disease requiring
hemodialysis, eGFR (estimated glomerular filtration rate) <45 mL/
min/1.73m?% (5) patients with Non ST segment Elevation Myocardial
Infarction (NSTEMI), ST Segment Eelevation Myocardial Infarction
(STEMI) or high-risk unstable angina pectoris (UA) within 1 month;
(6) patients with cardiogenic shock, stroke or severe valvular heart
disease. The study was approved by the Medical Ethical Review
Committee of Sir Run Run Shaw Hospital (NO.20201217-36).
Informed consent for experiments involving human samples was
obtained from all participants.

Procedures and Definitions

The data were collected from Hospital Information System (HIS),
included the demographic information including age, gender, Body
Mass Index (BMI), comorbid diseases, and current used medications.
Results of laboratory blood biochemical tests, type and volume of CM
during the procedure were documented. CBC was measured in all
patients at hospital admission. Automatic Blood Cell Counter (XE-
2100, Sysmex, Kobe, Japan) was used to measure Neutrophil (N),
Lymphocyte (L), Monocyte (M), Platelet (PLT) counts and calculated
NLR, PLR, MLR. Scr concentrations were measured in all patients
at hospital admission, and the postoperative Scr concentrations
recorded were the highest level measured at least 3 times within a 72-
hour timeframe. An increase of either 25% or 0.5mg/dL (44.2umol/L)
in basal Scr level within 72 hours following the implementation of
CM was identified as CI-AKI [25]. Based on the diagnose of CI-AKI,

patients were divided into CI-AKI and non-CI-AKI groups. The
treatment strategies and perioperative medications were based on
the current guidelines. Iodine CM (iohexol, iopamidol, iodixanol)
was used during procedure. The formula invented by Cigarroa was
used to calculate the dose of CM: 5mlxweight (Kg)/Cr(mg/dl), and
maximum dose < 300ml. CM overuse was defined if dose exceeded
above.

Data Analysis

All tests were performed using the SPSS statistical package, version
24.0 (Chicago, Illinois, USA). Continuous variables are presented
asmean+SD if normally distributed, or as median (interquartile range)
if not, and compared using t test or non-parametric Mann-Whitney
U test. Categorical variables were expressed as numbers (percentage)
and compared with chi-square test or Fisher exact test. Logistic
regression analysis was used to explore the independent predictors of
CI-AKI. The Area Under the Curve (AUC) of inflammatory factors
was evaluated by Receiver Operating Characteristic (ROC) curve
analysis. P-values<0.05 were considered statistically significant
unless stated otherwise.

Results

Baseline Characteristics of the Population

A total 3545 patients were enrolled in the current study, 15.01%
(532/3545) were diagnosed as CI-AKI. The baseline clinical and
procedural characteristics are shown in (Table 1). Compared with
non-CI-AKI group, those with CI-AKI were significantly older (70
vs 67, p < 0.001), more female patients (43.67% vs 34.38%, p < 0.001),
more diabetes (p < 0.001) and more CM overuse (6.3% vs 4.0%,
p=0.022). In the group of CI-AKI, patients had higher BMI, and
lower triglyceride, hemoglobin and Estimated Glomerular Filtration
Rate (eGFR) (p for all <0.05). In addition, patients with CI-AKI had
higher level of inflammatory indicators, including NLR, MLR, PLR,
and hs-CRP (p for all <0.05).

Regression Analysis

Univariate logistic analysis showed in (Table 2) was performed,
and totally 11 variables were significantly associated with CI-AKI,
including elderly, female, diabetes, BMI, LVEF, eGFR, dose of CM
and 4 inflammatory factors (NLR, MLR, PLR, hs-CRP).

Multivariate logistic analysis showed in (Table 3) was performed
to explore independent risk factors for CI-AKI. After adjusting for age,
gender, diabetes, BMI, LVEF, eGFR, dose of CM and other potential
confounders, high level of hs-CRP (OR1.025, 95% CI 1.014-1.036,
p<0.001) is an independent risk factor for CI-AKI. Similarly, NLR
(OR1.121, 95% CI 1.078-1.165, p<0.001), MLR (OR 5.672, 95% CI
3.4-9.463, p<0.001) and PLR (OR1.043, 95% CI 1.024-1.062, p=0.001)
are independent risk factors for CI-AKI.

Subgroup Analysis

Subgroup analysis in age, sex, hypertension, diabetes, renal
insufficiency, and heart failure were performed. The results showed
that CRP, NLR, MLR and PLR have predictive values for CI-AKI
except for the value of PLR in the population of female and patient
without hypertension (Figure 1).

ROC Curve Analysis
The AUC of hs-CRP is 0.618 (95% CI: 0.592-0.645, P<0.001). The
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Figure 1: Subgroup analysis in age, sex, hypertension, diabetes, renal insufficiency, and heart failure.
Table 1: Basic clinical and procedural characteristics of the CI-AKI and Non-Cl- Total cholesterol (mmol/L) 4124118 4412 0027
AKI groups.
. Non-CI-AKI CI-AKI Triglyceride (mmoliL) 1.29(0.97-1.825) | 1.18(0.86-1.59) <0.001
Variable _ _ p
n=3013 n =532 .
Medicine
Age (years) 66.8+10.4 70.1£9.9 <0.001
ACEI, N (%) 459(15.2) 99(18.6) 0.053
Male, N(%) 1977(65.6) 305(57.3) <0.001
CCB, N (%) 882(29.3) 166(31.2) 0.381
BMI 24.4+5.3 25.245.4 0.005
: Statin, N (%) 2568(85.2) 396(74.4) <0.001
Current smoking, N(%) 469(15.6) 69(13.0) 0.132 :
Contrast volume>5mlixweight 108(4.0) 31(6.3) 0.022
DM, N(%) 696(23.1) 150(28.2) 0.013 (Kg)/Cr(mg/dl) : : :
. BMI-Body Mass Index; EF-Ejection Fraction; PLT-Platelets; NLR-Neutrophil
0,
Hypertension, N(%) 1921(63.8) 354(66.5) 0221 To Lymphocyte Ratio; MLR-Monocyte To Lymphocyte Ratio; PLR-Platelets To
Previous MI, N(%) 45(7.9) 8(7.5) 0.551 Lymphocyte Ratio; hs-CRP-High-Sensitivity C-Reactive Protein; LDL-C-Low-
. 0 Density Lipoprotein Cholesterol; HDL-C-High-Density Lipoprotein Cholesterol;
Previous PCI, N(%) 159(27.4) 23(21.9) 0.234 ACEI-Angiotensin Converting Enzyme Inhibitor; CCB-Calcium Calcium Entry
Stable angina Pectoris, N(%) 925(30.7) 105(19.8) 0.046 Blockers; eGFR-Esti Mated Glomerularfiltrationrate; DM-Diabetes Mellitus
EF(%) 60.88+12.21 58.6+10.97 0.111 AUC of NLR, MLR and PLR respectively are 0.606 (95% CI: 0.578-
V) . _ V) .
eGFR (mi/min/1.73m~2) 84.53(67.33-94.43) 82.04(56.1-94.26) <0.001 0.633, P<0.001), 0.604 (95% CI: 0.577-0.631, P<0.001), 0.570 (95% CI:
0.542-0.598, P<0.001).
Laboratory index
WBC (x10°9/L) 6.2(5.1-7.3) 635577) | oos5  LDIscussion
lymphocyte (x1079/L) 22.9(17.7-28.6) 19.525(14.4- <0.001 As the procedure of CAG and PCI widely applied in the diagnosis
25.9375)
Mononuclear | cells and treatment of CAD, CI-AKI has become one of the most severe
(x10%9/L) 7:3(6.05-88) 7:5(6.1-9.4) 0.03 complications. Although there is no effective treatment for CI-AKI
neutrophil (x10"9/L) 66.5(60.4-72.1) | 69.2(62.5125-75.9) <0.001 [26-30], it is feasible to prevent CI-AKI. It is relatively rare research
PLT (x10°9/L) 172(139-212)  166(135.125-210)  0.36 to explore the relationship between inflammatory indicators and the
NLR 2.89(2.12-4.03) 3.62(2.38-5.25) <0.001 1nc.1dence of CI.-AKI in elective percutanec?us coronary angiogram.
This retrospective study confirmed that inflammatory indicators
MLR 0.32(0.24-0.44) 0.39(0.28-0.55) |<0.001 including hs-CRP, NLR, MLR, and PLR were independent risk factors
PLR 7.51(5.62-10.5)  8.41(6.04-12.83) |<0.001  for CI-AKI in patients undergoing elective percutaneous coronary
hs-CRP (mg/L) 1.8(0.8-5) 3.7(1.3-11.025) |<0.001 angiogram, which were confirmed in the sensitivity analyses.
LDL-C (mmol/L) 2.2+0.9 2.18+0.92 0.668 The pathophysiological processes of CI-AKI are very complex
HDL-C (mmol/L) 0.99(0.84-1.18) 0.98(0.78-1.17) | 0.021 and remain unclear. It was reported that renal ischemia and

nephrotoxicity induce functional and structural changes of renal
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Table 2: Univariate analysis for the risk factors of CI-AKI in patients who
underwent PCI.

Variable Univariate analysis
OR 95% ClI p
Age (per 1years) 1.034 1.024-1.044 <0.001
Male 0.704 0.584-0.849 <0.001
BMI 1.028 1.009-1.048 0.004
Current smoking 0.808 0.616-1.060 0.125
DM 1.307 1.063-1.608 0.011
Hypertension 1.131 0.93-1.347 0.217
EF<35% 2.622 2.173-3.163 <0.001
eGFR<60 1.891 1.5301-2.337 <0.001
CRP (per 1mg/L) 1.035 1.027-1.044 <0.001
LDL-C (per 1mmol/L) 0.978 0.882-1.084 0.668
NLR 1.139 1.104-1.175 <0.001
MLR 6.828 | 4.561-10.221 <0.001
PLR 1.051 1.036-1.066 <0.001
\?;T;::Smlxweight (Kg)/Cr(mg/dl) 1629 1.08-2.459 0.02

BMI-Body Mass Index; EF-Ejection Fraction; PLT-Platelets; NLR-Neutrophil
To Lymphocyte Ratio; MLR-Monocyte To Lymphocyte Ratio; PLR-Platelets To
Lymphocyte Ratio; hs-CRP-High-Sensitivity C-Reactive Protein; LDL-C-Low-
Density Lipoprotein Cholesterol; HDL-C-High-Density Lipoproteincholesterol;
eGFR-Esti Mated Hlomerularfiltrationrate; DM-Diabetes Mellitus

tubular epithelial cells and renal vascular endothelial cells, and
then cause CI-AKI. Furthermore, inflammation is also considered
as one of the basic mechanisms of CI-AKI [4]. It was reported that
CM accelerate the production of oxygen free radicals, which leads
to an inflammatory response. Then inflammatory factors (such as
neutrophils, macrophages, natural killer cells, lymphocytes, etc.)
infiltrate the damaged tissues and induce inflammatory mediators,
including cytokines and chemokines. All of these might contribute
to damage the renal vascular endothelium, which could aggravate
renal function damage [31,32]. Therefore, inflammation may play an
important role in the initial and subsequent stages of CI-AKIL

Hs-CRP is currently regarded as the main inflammatory factor in
clinical, which is directly related to the inflammatory status. Elevated
levels of hs-CRP can lead to increased expression of adhesion

molecules, reduced nitric oxide production and decreased antioxidant
defense capabilities, which cause endothelial dysfunction [33]. The
blood vessels are prone to pro-thrombotic, pro-inflammatory, and
pro-constrictive, all of which participate in the development of CI-
AKI. Shacham et al. and Liu Y et al. supposed that hs-CRP level were
associated positively with the incidence of CI-AKI in patients with
STEMI [29,34]. Su JZ et al. also showed that elevated levels of hs-
CRP were related to the occurrence of CI-AKI in patients with ACS
[35]. Consistent with previous studies, our study demonstrated that
elevated levels of hs-CRP were independent factors for CI-AKI in
patients undergoing elective percutaneous coronary angiogram.

Recently, the application of complex inflammatory indicators
in the cardiovascular disorders has been progressively expanding.
Compared with a single indicator, complex inflammatory
indicators are more significant and stable. The main advantages
are reflected in two points: 1) complex inflammatory indicators
are less influenced by absolute number of a single index, and have
predictive power in a larger range; 2) complex inflammatory
indicators can integrate the two immune pathways of specificity and
non-specificity, which is important prompt role in the outcome.
Circulating lymphocytes are known to play an important role in
specific immunity, while neutrophils, monocytes, platelets and the
cytokines are believed to be associated with non-specific pathways.
Studies showed that NLR was related to the incidence and mortality
of CVD, including SAP, NSTEMI, and STEMI [36-41]. Kurtui A
et al reported that lymphocyte counts in the CI-AKI group were
significantly lower than the non-CI-AKI group among patients
with NSTEMI [17]. Kaya A et al found that the higher levels of NLR
were related to the increased risk of CI-AKI in STEMI patients [27].
High level of platelet count was an independent risk factor for CI-
AKI in patients with diabetes or renal insufficiency [42]. As the
ratio of platelets to lymphocytes, PLR reflects overactive coagulation
and inflammation, which may reduce renal blood flow and oxygen
delivery [20]. Previous researches have proven that PLR had a
strong predictive value for the occurrence of CI-AKI in patients
with NSTEMI [37], and it was also an independent predictor of CI-
AKI in patients with ACS [20-24]. Similarly, another study among
STEMI patients showed that the level of PLR in the CI-AKI group was
significantly higher than that in the non-CI-AKI group [22,24], which
also existed in the diabetes subgroup [23]. Domircelik and Kocas also

Table 3: Multivariate analysis for the risk factors of CI-AKI in patients who underwent PCI.

CRP NLR MLR PLR
OR | 95% Cl p | OR 95%Cl p | OR 95%Cl p | OR 95%Cl p
CRP/NLRMLRPLR | 1.025 1014 | 1036 0 | 1121 1078 1165 0 5672 34 9463 0 1043 1.024 1062 O
Age (Per1Years)  1.026 1014 1039 0  1.024 1012 1037 0 102  1.007 1.032 0002 1.028 1.015 104 0
Male 071 0562 0.898 0.004 0.685| 0.541 0.868 0002 0.621 0488 | 0.793 0 | 071 0561 | 0.898 0.004
BMI 1011 099 1032 0325 101 098 1.032 0335 101 | 0988 1031 0372 1.011 099 1032 0.322
DM 132 1029 | 1.694 | 0.029 1.301 1013 1.67 0039 1.347 1049 173 002 13 | 1013 1.668 0.039
Hypertension 954 0751 1213 0702 0957 0752 1.218 0722 0981 | 0.771 1.249 | 0.877 0931 | 0.733  1.184 | 0.56
EF>35% 2525 2013 3167 0 266 | 2123 3333 0 | 2608 208 30269 0 266 | 2125 3331 O
eGFR<60 1164 | 0.876 | 1.547 0294 1111 0.835 1479 | 0.469 1.092 0.82 | 1.455 0546 114 0.858 1.514 | 0.367
Con"a\s;;’ig'r:'tme > 4151 0693 1912 0586 1081 065 1799 0764 1023 0614 1705 093 1096 0659 1.823 0725

PLT-Platelets; NLR-Neutrophil To Lymphocyte Ratio; MLR-Monocyte To Lymphocyte Ratio; PLR-Platelets To Lymphocyte Ratio-hs-CRP-high-sensitivity C-reactive

protein; Contrast-volume>5mixweight (Kg)/Cr(mg/dl)
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found that the PLR level was an independent risk factor for predicting
the occurrence of CI-AKI in patients with NSTEMI or ACS [20,21].
Monocytes and lymphocytes are important immune cells in the
process of inflammation. MLR is a new inflammation indicator
formed by combining monocytes and lymphocytes. Previous studies
focused on the relationship between MLR and the prognosis of
tumors, but few studies have explored the relationship between MLR
and CI-AKI. Our study found that MLR also have a certain predictive
effect on the incidence of CI-AKI in patients undergoing elective
percutaneous coronary angiogram.

Although it is well known that elevated levels of inflammatory
factors are associated with the incidence of CI-AKI in STEMI, the
current widely used risk assessment models do not include complex
inflammatory indicators such as NLR, MLR, and PLR [30,43,44].
Few studies have comprehensively explored the predictive value of
applicable inflammatory factors for CI-AKI in patients undergoing
elective percutaneous coronary angiogram, including NLR, MLR,
PLR, hs-CRP and other indicators. At present, the treatment of CI-
AKI is rather limited, and the occurrence of CI-AKI will lead to
prolonged hospitalization and poor prognosis. The main strategy to
solve this problem is prevention. This study used large population
cohort data to confirm the relationship between inflammatory factors
and CI-AKI. Therefore, the predictive value of inflammatory factors
levels should be emphasized in clinic to guide the prevention and
treatment of CI-AKI.

This study has several limitations. First, as a multicenter,
retrospective and observational study, the risk of bias cannot be
completely ruled out, although we attempted to adjust for the
confounding factors. Therefore, large-scale randomized controlled
trials are needed to confirm our findings and hopefully develop
new prevention strategies to reduce the incidence of CI-AKL
Second, our study conducted follow-up assessment of renal function
within 1-3 days after PCI. Therefore, we might have missed a
small part of population with the long-term increased Scr rather
than deterioration of renal function within 72h, which lead to
underestimate the incidence of CI-AKI.

Conclusion

Elevated levels of inflammatory factors, including hs-CRP,
NLR, MLR, and PLR, are independent risk factors for the incidence
of CI-AKI in patients undergoing elective percutaneous coronary
angiogram.
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