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Abstract 
Introduction: This study aimed to investigate the roles of ATRIA and CHA2DS2-VASc scores in predicting 
contrast-induced nephropathy (CIN) development risk in patients presenting with chronic coronary syndromes 
(CCS) and undergoing elective percutaneous coronary intervention (PCI).
Material and methods: Patients who underwent coronary angiography due to diagnosis of CCS and decided 
to be treated with PCI between 2018 and 2020 were included in this retrospective single-centre study.
Results: A total of 447 patients were included. DM [p < 0.0001, β: 0.263, OR (95%CI): 0.187–0.459], 
CHF [p = 0.035, β: 0.384, OR (95%CI): 0.158–0.934], the volume of CA [p = 0.020, β: 0.145, OR 
(95%CI): 0.112–0.393], ATRIA [p = 0.001, β: 3.453, OR (95%CI): 1.132–6.148] and CHA2DS2-VASc [p 
< 0.0001, β: 3.120, OR (95%CI): 1.925–5.056] scores were found as independent risk factors associated 
with CIN development. The AUC for the ATRIA score was 0.779 [%95CI: 0.717–0.842]. A cutoff value of 
4.5 for the ATRIA score was associated with 74.1% sensitivity and 67.3% specificity in the prediction of CIN 
development. Moreover, the AUC for the CHA2DS2-VASc score was 0.869 [%95CI: 0.825–0.912]. A cutoff 
value of 3.5 for the CHA2DS2-VASc score was associated with 81.5% sensitivity and 76.1% specificity in the 
prediction of CIN development. 
Conclusion: ATRIA and CHA2DS2-VASc scores may be used as a marker of CIN development in CCS patients 
who underwent elective PCI and both scores may be used to define patients under risk in a practical way. 
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Introduction 

Contrast-induced nephropathy (CIN) is a kind of 
acute renal injury mediated by contrast agent (CA) 
use and one of the well-defined complications of 
coronary angiography (CAG) and percutaneous coro-
nary interventions (PCI) [1]. Coronary angiography is 
widely used in cardiology practice both for diagnostic 

and therapeutic purposes. Complex mechanisms like 
thrombosis, inflammation, vasoconstriction and vascu-
lar remodelling play a role in pathophysiology [2, 3]. 
Increase in serum creatinine (Cr) level ≥ 0.5 mg/dL or 
≥ 25% than baseline serum Cr in 48–72 hours after 
CA exposure is defined as CIN [4]. CIN development 
is associated with short and long-term mortality and 
morbidity and additionally raised healthcare costs due 
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to prolonged hospital stays, the need for intensive care 
and haemodialysis [5]. Advanced age, female gender, 
diabetes mellitus (DM), congestive heart failure (CHF), 
hypertension (HT), type and amount of CA, renal 
dysfunction, nephrotoxic agent exposure, being in de-
hydrated status and urgent interventions are some of 
the risk factors and the incidence may raise to 20–30% 
in patients with risk factors [6, 7]. Defining high-risk 
patients is essential to take preventive precautions to 
alter the clinical course [8, 9]. 

Scoring systems give the chance for comprehensive 
evaluation of patients and are preferred for use in daily 
clinical practice. Anticoagulation and Risk Factors in 
Atrial Fibrillation (ATRIA) and beyond CHA2DS2-VASc 
scores are validated and feasible scoring systems used 
to predict the risk of embolic stroke and to guide the 
anticoagulant treatment decisions in patients with atrial 
fibrillation (AF) [10–12]. The clinical value of both risk 
scores was evaluated in different cardiac conditions. 
The variables of the CHA2DS2-VASc score are also risk 
factors for CAD and have been previously shown to be 
linked with mortality in chronic coronary syndromes 
(CCS) and acute coronary syndromes [13, 14]. The 
utility of CHA2DS2-VASc score in stroke prediction, 
long-term all-cause and cardiac mortality and patients 
treated with percutaneous coronary intervention (PCI) 
has been studied previously [15]. ATRIA stroke risk sco-
re shares some variables with the CHA2DS2-VASc score. 
Both risk scores were found to have a modest ability 
to predict adverse outcomes in patients with heart 
failure with preserved ejection fraction [16]. Similarly, 
the variables included in these scoring systems are de-
fined as risk factors for CIN development. The relation 
between high ATRIA score and CIN development in 
patients who presented with ST-elevation myocardial 
infarction (STEMI) and underwent primary PCI and 
also CHA2DS2 score in (CCS) patients who underwent 
elective PCI have been shown [17, 18]. 

Objective 

The purpose of this study is to investigate the roles 
of the ATRIA and CHA2DS2-VASc scores in predicting 
CIN development risk in patients presenting with CCS 
and undergoing elective PCI.

Material and methods 

Patients who underwent CAG due to diagnosis of 
CCS and decided to be treated with PCI between 2018 
and 2020 were included in this retrospective single-cen-
tre study. Patients’ files and the local hospital database 
were used to obtain demographic, clinical, and laborato-
ry parameters and receive medical treatments. History 

of malignancy, chronic autoimmune disease, current 
steroid or nonsteroidal anti-inflammatory therapy, or-
gan transplantation, end-stage renal disease or previous 
CA administration within the past 2 weeks were defined 
as exclusion criteria. Transthoracic echocardiography 
was performed in all patients (Vivid S70; GE Medical 
System, Horten, Norway) and left ventricular ejection 
fraction (LVEF) was measured using Simpson’s method. 
Elective PCI procedures were scheduled at another 
session as a routine practice of the clinic. Patients with 
decreased renal function (eGFR < 60 mL/min/1.73 m2) 
were hydrated with 0.9% saline at 1 mL/kg/hr for 12 
hours before and after CAG; the hydration rate was 
reduced to 0.5 mL/kg/h in patients with LVEF < 40% 
or overt heart failure as a routine follow-up procedure 
of the clinic. A non-ionic, low-osmolality contrast agent 
(iohexol) was used in the catheterization laboratory 
routinely. Patients who underwent elective PCI were 
evaluated with physical examination and serum bioche-
mistry as a routine follow-up procedure of the clinic at 
postprocedural 2nd or 3rd days. 

A previous history of heart failure, or objective 
evidence of reduced left LVEF ≤ 40% on admission was 
accepted as CHF [19]. A previous formal diagnosis or 
prescribed medications for lowering blood pressure 
were used for HT diagnosis [20]. Stroke was defined 
as any history of neurological deficits lasting more than 
24 hours and transient ischaemic attack (TIA) was 
defined as reversible neurological dysfunction causing 
symptoms less than 24 hours [21]. Fasting blood sugar 
level of ≥ 126 mg/dL (7.0 mmol/L) and/or haemoglo-
bin A1c value > 6.5% or use of antidiabetic medicine 
was accepted as DM [22]. Luminal narrowing > 50% 
in at least one major epicardial vessel by diagnostic 
CAG was indicative of coronary artery disease (CAD) 
diagnosis. A history of peripheral artery disease (PAD) 
was defined as PAD [23]. History of CAD, PAD, PCI 
or coronary artery bypass graft surgery was indicative 
of vascular disease. 

The ATRIA and CHA2DS2-VASc scores were calcula-
ted for each patient. Age, gender, glomerular filtration 
rate, history of stroke, DM, CHF, HT and presence of 
proteinuria are variables of ATRIA risk score. CHA2DS2-

-VASc consist of CHF, HT, age ≥ 75 years (doubled), DM, 
previous stroke, TIA, or thromboembolism (doubled), 
vascular disease, age 65–75 years and sex category as 
variables (Supplementary Table 1 — see journal web-
site). Both two scores were calculated for each patient 
by using an online tool (https://www.mdcalc.com/
calc/1842/atria-stroke-risk-score, https://www.mdcalc.
com/calc/801/cha2ds2-vasc-score-atrial-fibrillation-
-stroke-risk). Serum Cr level on first admission was 
accepted as baseline Cr and the maximum serum Cr 
level which was analysed at least 48 hours after contrast 
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administration was accepted as maximal Cr level. An 
increase in serum Cr level ≥ 0.5 mg/dL or ≥ 25% than 
baseline serum Cr in this period was accepted as CIN 
development and those patients formed the CIN (+) 
group and CIN non-developed patients formed the CIN 
(–) group. The primary endpoint of this study was the 
occurrence of CIN. The Human Studies and Research 
Committee of the institution approved the study and 
patient consent was waived accordingly. 

Statistical analysis

All statistical tests were conducted using the Stati-
stical Package for the Social Sciences 22.0 (SPSS Inc., 
Chicago, IL, USA). Continuous variables are expressed 
as mean ± SD and categorical data are expressed as 
numbers (n) and percentages (%). Differences in ca-
tegorical variables between groups were assessed by 
the Chi-square test. Unpaired samples were compared 
by using the Student’s t-test or Mann-Whitney U test. 
Pearson’s correlation test was performed to evaluate 
variables having linear correlation and Spearman’s 
correlation test was performed to evaluate variables 
having nonlinear correlation. The association of ATRIA 
and CHA2DS2-VASc scores with CIN development was 
investigated. Exploratory data analyses were conducted 
with the univariate model to examine distributions of 
key variables. Variables were found to be significantly 
associated with CIN development after univariate ana-
lyses and those that were established risk factors were 
put in a multivariate logistic regression model to identify 
the independent predictors for CIN development. 
Calculated were also the areas under the receiver 
operating curve to assess the ability of ATRIA and 
CHA2DS2-VASc scores to estimate CIN development. 
Significance was assumed at a 2-sided p < 0.05. 

Results

A total of 447 patients who underwent CAG due 
to diagnosis of CCS were enrolled in this retrospecti-
ve single-centre study. The mean age was 66.3 ± 9.7 
(70.5% male). Baseline Cr level was 1.31 ± 0.22. The 
CIN (+) group (n = 81) and CIN (–) group (n = 366) 
were similar in terms of age, body mass index, smoking 
status, incidence of HT, hyperlipidaemia and medical 
treatment. Though, female gender (43.2% vs. 26.5%; 
p = 0.003), DM (66.7% vs. 27.7%; p < 0.0001), CAD 
(62.9% vs. 34.4%; p < 0.0001), PAD (32.1% vs. 1.1%; 
p < 0.0001), CHF (39.5% vs. 15.6%; p < 0.0001) and 
stroke (19.8% vs. 1.4%; p < 0.0001), ATRIA score (6.4 
± 2.7 vs. 3.7 ± 2.1; p < 0.0001), CHA2DS2-VASc score 
(4.8 ± 1.5 vs. 2.5 ± 1.3; p < 0.0001) and volume of 
CA (136 ± 47 vs. 92 ± 41; p < 0.0001) were signifi-

cantly higher in CIN (+) group. In terms of laboratory 
markers; maximal Cr (1.89 ± 0.62 vs. 1.26 ± 0.25;  
p < 0.0001), maximal urea (84.6 ± 53.7 vs. 52.9 ± 21.7; 
p < 0.0001) levels were significantly higher and LVEF 
(44.6 ± 12.1 vs. 49.4 ± 10.9; p = 0.001), albumin (4.1 
± 0.5 vs. 4.2 ± 0.5; p = 0.024), haemoglobin (12.1 ± 
1.9 vs. 12.8 ± 2.1; p = 0.005) and haematocrit (37.5 
± 5.4 vs. 38.9 ± 5.8; p = 0.05) levels were significantly 
lower in in CIN (+) group. All demographical, clinical, 
and biochemical characteristics of the two groups are 
presented in detail in Table 1.

To further evaluate individual risk factors for CIN 
development, univariate logistic regression analysis 
was performed for gender, DM, CAD, CHF, stroke, 
volume of CA, LVEF, ATRIA and CHA2DS2-VASc scores, 
respectively. By univariate logistic regression analysis, 
gender, volume of CA, presence of DM, CHF, ATRIA 
and CHA2DS2-VASc scores were found to be related to 
CIN development. These variables were included in the 
multivariate logistic regression model. DM [p < 0.0001, 
β: 0.263, OR (95%CI): 0.187–0.459], CHF [p = 0.035, 
β: 0.384, OR (95%CI): 0.158–0.934], volume of CA  
[p = 0.020, β: 0.145, OR (95%CI): 0.112–0.393], 
ATRIA [p = 0.001, β: 3.453, OR (95%CI): 1.132–6.148] 
and CHA2DS2-VASc [p < 0.0001, β: 3.120, OR (95%CI): 
1.925–5.056] scores were independent risk factors 
associated with CIN development (Table 2). ROC 
curve analysis was performed to identify the optimal 
cut-off value and area under the curve (AUC) for 
ATRIA and CHA2DS2-VASc scores. The ROC curve for 
the accuracy of ATRIA and CHA2DS2-VASc scores for 
predicting CIN development in patients presenting with 
CCS and undergoing elective PCI is shown in Figures 
1A and 1B. The AUC for the ATRIA score was 0.779 
[95% CI: 0.717–0.842]. A cutoff value of 4.5 for the 
ATRIA score was associated with 74.1% sensitivity and 
67.3% specificity in the prediction of CIN development. 
Moreover, the AUC for the CHA2DS2-VASc score was 
0.869 [95% CI: 0.825–0.912]. A cutoff value of 3.5 for 
the CHA2DS2-VASc score was associated with 81.5% 
sensitivity and 76.1% specificity in the prediction of 
CIN development. 

Discussion

The results of this study suggest that preprocedural 
assessment of the ATRIA and CHA2DS2-VASc scores 
give additional information to predict the incidence 
of CIN in patients with CCS who underwent elective 
PCI even in the patient population with Cr levels in the 
normal range. DM, CHF and total volume of CA used 
during the procedure were also found as independent 
predictors. Preventive precautions against CIN deve-
lopment and intense follow-up in patients with ATRIA > 
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Table 1. Clinical and demographic data of the study population and two groups according to contrast-induced nephropathy development
Variables All

(n = 447)
Group-1
CIN (+)
(n = 81)

Group-2
CIN (–)
(n = 366)

p

Clinical characteristics and comorbidities

Age (years) 66.3 ± 9.7 67.6 ± 9.4 65.9 ± 9.7 0.174

Male, n (%) 315 (70.5) 46 (56.8) 269 (73.5) 0.003

BMI [kg/m2] 28.4 ± 4.2 29.1 ± 5.1 28.3 ± 4.1 0.139

Smoker, n (%) 164 (36.7) 34 (41.9) 130 (36.4) 0.351

HT, n (%) 281 (62.9) 43 (53.1) 238 (65.1) 0.056

HPL, n (%) 94 (21.1) 16 (19.7) 78 (21.3) 0.251

DM, n (%) 178 (39.8) 54 (66.7) 124 (27.7) < 0.0001

Previous CAD, n (%) 177 (39.6) 51 (62.9) 126 (34.4) < 0.0001

Previous stroke, n (%) 21 (4.7) 16 (19.8) 5 (1.4) < 0.0001

Previous CHF, n (%) 89 (19.9) 32 (39.5) 57 (15.6) < 0.0001

Previous PAD, n (%) 30 (6.7) 26 (32.1) 4 (1.1) < 0.0001

LVEF (%) 48.5 ± 11.3 44.6 ± 12.1 49.4 ± 10.9 0.001

Volume of CA [mL] 129 ± 61 136 ± 47 92 ± 41 < 0.0001

ATRIA score 4.2 ± 2.5 6.4 ± 2.7 3.7 ± 2.1 < 0.0001

CHA2DS2-VASc score 2.9 ± 1.6 4.8 ± 1.5 2.5 ± 1.3 < 0.0001

Drugs, n (%)
– Aspirin
– ACE inhibitor/ARB use
– Calcium channel blocker
– β-Blocker

327 (73.2)
259 (57.9)
126 (28.2)
145 (32.4)

59 (72.8)
46 (56.8)
23 (28.4)
26 (32.1)

268 (73.2)
213 (58.2)
103 (28.1)
119 (32.5)

0.534
0.286
0.612
0.482

Laboratory parameters

Urea [mg/dl]
– Baseline
– After 48 h

55.1 ± 23.1
58.4 ± 32.2

58.3 ± 19.5
84.6 ± 53.7

54.3 ± 23.8
52.9 ± 21.7

0.167
< 0.0001

Creatinine [mg/dL]
– Baseline
– After 48 h

1.31 ± 0.22
1.37 ± 0.43

1.35 ± 0.26
1.89 ± 0.62

1.31 ± 0.21
1.26 ± 0.25

0.090
< 0.0001

Haemoglobin [g/dL] 12.7 ± 2.1 12.1 ± 1.9 12.8 ± 2.1 0.005

Haematocrit (%) 38.6 37.5 ± 5.4 38.9 ± 5.8 0.050

RDW (%) 14.2 14.2 ± 1.2 14.3 ± 1.5 0.635

MPV [fL] 8.8 ± 1.4 8.9 ± 1.5 8.7 ± 1.4 0.285

WBC × 10³/μL 8.6 9.7 ± 5.2 8.9 ± 4.6 0.127

Platelet counts 10³/μL 197 (147–494) 192 (168–494) 201 (147–394) 0.246

Albumin [g/dL] 4.2 ± 0.5 4.1 ± 0.5 4.2 ± 0.5 0.024

Uric acide [mg/dL] 6.8 ± 2.2 7.1 ± 1.9 6.8 ± 2.3 0.544

ProBNP [pg/ml] 75.1 (50–3500) 106.0 (66–3500) 74.9 (50–1280) 0.053

Fasting glucose [mg/dL] 139.9 ± 73.3 152.9 ± 69.4 137.2 ± 73.9 0.087

AST [U/L] 29.0 (10–145) 31.0 (11–145) 28.0 (10–125) 0.414

ALT [U/L] 23.0 (5–115) 22.0 (9–115) 23.5 (5–105) 0.375

Total cholesterol [mg/dL] 177.9 ± 46.4 175.7 ± 37.9 178.4 ± 48.1 0.628

Triglycerides [mg/dL] 174.2 ± 123.9 151.3 ± 72.8 179.2 ± 132.2 0.067

LDL cholesterol [mg/dL] 105.8 ± 38.1 108.5 ± 34.8 105.2 ± 38.8 0.481

HDL cholesterol [mg/dL] 39.8 ± 11.7 39.7 ± 8.4 39.8 ± 12.3 0.930
ACEI/ARB — angiotensin-converting enzyme/angiotensin receptor blocker; ALT — alanine aminotransferase; AST — aspartate aminotransferase; BMI — body mass index;  
CA — contrast agent; CAD — coronary artery disease; CCU — coronary care unit; CHF — congestive heart failure; CIN — contrast induced nephropathy; DM — diabetes mellitus; 
HDL — high-density lipoprotein; HPL — hyperlipidaemia; HT — hypertension; LDL — low-density lipoprotein; LVEF — left ventricular ejection fraction; MPV — mean platelet  
volume; PAD — peripheral artery disease; Pro-BNP — pro-brain natriuretic peptide; RDW — red cell distribution width; WBC — white blood cell
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4.5 and CHA2DS2-VASc score > 3.5 may be suggested 
according to the present results. 

With advances in diagnostic and therapeutic appro-
aches particularly in cardiology practice, CA use rises 
thus CIN stays as one of the significant complications. 
Although the underlying mechanisms for CIN deve-
lopment are not clearly understood, endothelial dys-
function, renal vasoconstriction and endothelial damage 
were detected as related pathologies by previous studies 
[24]. Advanced age, presence of CKD DM, HT, CHF, 
patients presenting with ACS and volume depletion are 
at high risk for CIN development [25–27]. Most of the 

patients with CAD have mentioned risk factors. While 
each risk factor individually increases the risk of CIN, 
having more than one risk factor for a patient at the 
same time increases the risk even more. In this context, 
scoring systems help clinicians with risk assessment in 
different clinical conditions. Considering its relation-
ship with morbidity and mortality, prevention of CIN 
development is essential. ATRIA and CHA2DS2-VASc  
scores share common variables that are also defined 
as risk factors for CIN development. These two risk 
scores mainly consist of patient-related risk factors. 
Since CCS patients were included in the present stu-

Figure 1B. Area under the ROC curve of CHA2DS2-VASc 
score and development of CIN in patients with the chronic 
coronary syndrome who underwent elective percutaneous 
coronary intervention

Figure 1A. Area under the ROC curve of ATRIA score and 
development of CIN in patients with chronic coronary syn-
drome who underwent elective percutaneous coronary in-
tervention

Table 2. Univariate and multivariate forward stepwise logistic regression analysis: predictors of contrast-induced nephropathy
Univariate OR 95% CI p Multivariate OR 95% CI p

Gender 2.110 1.283–3.469 0.003 1.483 0.727–3.027 0.730

Diabetes mellitus 0.256 0.154–0.427 < 0.0001 0.263 0.187–0.459 < 0.0001

Previous CAD 0.596 0.161–1.021 0.056

Previous CHF 0.111 0.065–0.188 0.001 0.384 0.158–0.934 0.035

Previous stroke 0.809 0.650–1.069 0.051

Volume of CA 0.263 0.192–0.342 0.003 0.145 0.112–0.393 0.020

LVEF 0.938 0.896–1.143 0.232

ATRIA score 2.660 1.464–4.882 < 0.0001 3.453 1.132–6.148 0.001

CHA2DS2-VASc 
score

3.397 2.602–4.433 < 0.0001 3.120 1.925–5.056 < 0.0001

ATRIA — Anticoagulation and Risk Factors in Atrial Fibrillation; CA — contrast agent; CAD — coronary artery disease; CHF — congestive heart failure;  
LVEF — left ventricular ejection fraction
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dy, the patients were haemodynamically stable. Thus, 
patient and procedure-related factors were expected 
to be related to CIN development. A total volume of 
CA was found as a procedure-related factor. Additio-
nally, ATRIA and CHA2DS2-VASc scores were found as 
independent risk factors for CIN development. Whilst 
the variables evaluated individually; DM, CHF and total 
volume of CA used were established as independent 
risk factors in the present study. Since female gender 
was not revealed as an independent predictor, female 
gender was more frequent in in CIN (+) group. Renin-
-angiotensin-aldosterone system activation, elevated 
endothelin-1, and reactive oxygen species levels were 
thought to be parts of CIN pathogenesis via inducing 
intrarenal vasoconstriction [2]. The impact of renin-
-angiotensin-aldosterone system-blocking agents on 
CIN development is still debated [28–30]. This study did 
not detect any effect of Angiotensin Converting Enzyme 
Inhibitor/Angiotensin Receptor Blocker (ACEI/ARB)  
usage on the incidence of CIN development in patients 
who were treated with elective PCI. On the other 
hand, the dose and length of medication use couldn’t be 
obtained, and this may affect the results. A prospective 
study, with the doses and time interval of drug use, 
may give further and reliable information on this issue.

Although these risk scores were designed primarily 
to predict thrombo-embolism in AF, they were used in 
different cardiac conditions regardless of being in AF 
rhythm [16, 31–34]. CHA2DS2-VASc was found to have 
effective discriminating power in determining CIN de-
velopment in STEMI patients [35]. The ATRIA score was 
shown to predict CIN better than the CHA2DS2-VASc  
score in patients presenting with STEMI and who un-
derwent primary PCI [36]. However, the ATRIA score 
was found to have lower sensitivity and specificity to 
predict CIN development in CCS patients according 
to the present results. Age is a remarkable variable 
and is better categorized in the ATRIA score. Age was 
similar between CIN (+) and (–) groups according to 
the present study; therefore, this may be related to 
the lower sensitivity and specificity of the ATRIA score 
in this study. CHA2DS2-VASc score includes vascular 
disease history as a variable which may indicate the 
extent of atherosclerosis. In the present study, there 
were 30 patients with a history of PAD, 26 (86.7%) of 
whom developed CIN and 177 patients with a history 
of CAD, 51 (28.8%) of whom developed CIN. This high 
incidence in this subgroup may be explained by renal va-
scular impairment due to the extent of atherosclerosis. 

Limitations 

The present study was primarily designed to assess 
risk factors retrospectively. Combining biomarkers 

would give further information and an opportunity to 
correlate with ATRIA and CHA2DS2-VASc scores. The 
authors obtained the post-procedural creatinine level 
48 hours after contrast exposure, therefore, they may 
have missed patients who had a subsequent increase in 
serum Cr levels. Routine hydration was performed for 
all patients and hydration was known to be protective 
against CIN development. This may also alter the re-
sults. Calculating the maximum allowed contrast dose 
and defining patients who exceeded this value in both 
CIN (+) and (–) groups would give more consistent 
results. 

Conclusions 

The present results revealed the ATRIA and 
CHA2DS2-VASc scores as a marker of CIN development 
in CCS patients who underwent elective PCI and both 
scores may be used to define patients under risk in 
a practical way. Prospectively designed studies with 
a larger patient population would better evaluate the 
relation between ATRIA and CHA2DS2-VASc scores and 
CIN development.
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