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1. INTRODUCTION 

 

Contrast-associated acute kidney injury (CA-AKI) 

associated with short- and long-term adverse outcomes 

in patients undergoing cardiac angiography or angioplasty 

is common1-2. Identifying high-risk patients is of utmost 

criticality because no specific treatment is available for 

CA-AKI3. Preventive measures: reciving adequate hydra-

tion and minimizing the volume of radiocontrast in the 

high-risk CA-AKI patients have become crucial3-6. There-

fore, several CA-AKI risk prediction models to identify 

patients at high risk for developing CA-AKI after angio-

graphy or angioplasty have been developed. However, 

the lack of extensive external validations limits generali-

zability and clinical acceptance7-9. Since 2012 the Kidney 

Disease Improving Global Outcomes (KDIGO) has updated 

the definition for CA-AKI. CA-AKI defines as an increase 

in serum creatinine at least 0.3 mg/dL within 48 hours or 

1.5 times baseline within seven days, or urine output less 

than 0.5 mL/kg/hour for at least 6 hours after receiving 

intravascular radiocontrast1. As a result, validating these 

previous predicting risk models with the updated standard 

characterization of CA-AKI is essential. 

The risk prediction models of CA-AKI depend on 

either pre-procedural or procedural characteristics. Pro-

cedural risk models include variables such as the volume 

of contrast media and the use of intra-aortic balloon 

pumps, which are unknown until the completion of the 

procedure. On the contrary, pre-procedural risk models 

require only factors available before performing angio-

graphy or angioplasty10-11. Therefore, they facilitate a 

clinical routine  to  target  high-risk  patients  of  CA-AKI 
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ABSTRACT 

 

Several risk prediction models of Contrast-associated acute kidney injury (CA-AKI) in patients undergoing 

cardiac angiography or angioplasty are available. However, the lack of extensive external validations limits 

generalizability and clinical acceptance. This study conducted the external validation of three CA-AKI predictive 

risk models (Chen’s, Inohara’s, and Tziakas’ risk models) and determined the incidence of CA-AKI in Thai 

patients undergoing cardiac angiography or angioplasty. A total of 647 medical records of patients who 

underwent elective cardiac angiography (n=446) and angioplasty (n=201) were reviewed. Fifty-five percent were 

male, mean age 62.6±10.2 years, and mean estimated glomerular filtration rate (eGFR) 69.93±24.30 ml/min/1.73 

m2). Incidents of CA-AKI, defined as an absolute increase of serum creatinine of at least 0.3 mg/dL within 48 

hours or a relative increase of at least 50% within seven days after the procedure, were collected. The results 

showed that 78 patients (12.1%) had developed CA-AKI. Chen’s, Inohara’s, and Tziakas’ predictive risk models 

exhibited low discriminative ability with c-statistic of 0.571, 0.551, and 0.530, respectively. Due to low 

discriminative capability, these risk models may have low sensitivity to predict CA-AKI in Thai patients 

undergoing elective cardiac angiography or angioplasty. 
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before initiating the procedures4,10,12. Only Mehran’s 

model has been validated in Thai cardiac angiography 

or angioplasty patients and shown a good discrimination 
13. However, this procedural risk model is only margi-

nally beneficial in detecting high-risk individuals before 

the procedure. Moreover, three validated pre-procedural 

risk prediction models, Chen (2014), Iohara (2015), and 

Tziakas (2013) have been reported to have good 

discrimination10,12,14. The objectives of this study were 

to validate the CA-AKI pre-procedural predictive risk 

model’s discrimination and determine the occurrence of 

CA-AKI with KDIGO’s CA-AKI definition in Thai 

patients undergoing cardiac angiography or angioplasty. 

 

2. PATIENTS AND METHODS 

 

This retrospective study collected the data from 

patients aged ≥18 years who underwent elective cardiac 

angiography or angioplasty at Maharaj Nakorn Chiang 

Mai hospital between January 1, 2011, and December 

31, 2016. We excluded medical records whose serum 

creatinine values were within 30 days before and seven 

days after the procedure was unavailable, or who had an 

unstable renal function, end-stage renal disease, or planned 

for renal replacement therapy after  the procedures. The 

patients who underwent coronary artery bypass graft 

(CABG) or received radiocontrast within 14 days were 

excluded. Demographic data, including age, sex, body 

weight, height, underlying diseases, and medication use, 

were collected. Procedural data contained procedure type, 

fluid administration, radiocontrast dose, and laboratory 

data: SCr, hematocrit, and low-density lipoprotein (LDL), 

were collected. The analysis included only datafrom the  

first cardiac angiography or angioplasty. 

The primary outcomes were the ability to discrimi-

nate between the three risk prediction models for CA-

AKI established by Chen, Inohara, and Tziakas10,12,14-15. 

The secondary outcome was the occurrence of CA-AKI 

(defined as an increase in SCr ≥0.3 mg/dL within two 

days or an increase in SCr ≥50% within seven days after 

radiocontrast administration)1,16. 

In brief, Chen’s risk model contained nine variables: 

age, history of myocardial infarction, diabetes mellitus 

(DM), hypotension, left ventricular ejection fraction, 

anemia, estimated glomerular filtration rate (eGFR), 

high-density lipoprotein and, urgent angioplasty10. 

Iohara’s model included seven variables: age, hyperten-

sion, DM, previous angioplasty, heart failure with New 

York Heart Association class III/IV, angioplasty for the 

acute coronary syndrome, and SCr12. Tziakas’s model 

contained four variables: preexisting renal disease, 

metformin, previous angioplasty, and peripheral arterial 

disease14.  

We used N = [Z2α/2 V(AUC)]/d2 whereas α=0.05, 

d=±10%, AUC=80% and estimated CA-AKI occur at 5% 

and determine sample size with N(1+R) which required 

at least 600 patients in our study17-18. Descriptive data 

were reported as numbers and percentages. Quantitative 

data were present as mean±standard deviation (SD) or 

median and interquartile range (Q1-Q3) as appropriate. 

To evaluate the ability of the model discrimination, the 

area under the receiver operator characteristic curve 

(ROC) generally equal to C-statistics with a 95% confi-

dence interval for each model was calculated by IBM 

SPSS version 17.019. 

 

 
Table 1. Patient and procedural characteristics. 
 

Variables Patients (N=647) 

Demographic data  

Age (years)                                   62.6 ± 10.2 

Age ≥ 70 years 166 (25.7) 

Male 369 (57.0) 

Height (cm)1  159 ± 8 

Body weight (kg)1                                   56.6 ± 12.2 

Body Mass Index (kg/m2)1, 2                                   22.4 ±   4.0 

Smoking status1   

Current smoking   27   (4.7) 

Quit 251 (43.9) 

Never 294 (51.4) 

NYHA class III/IV    33 (5.1%) 

Serum creatinine (mg/dL) 1.04 (0.88 - 1.40) 
 

Data are present as mean ± standard deviation or median (Q1-Q3) as appropriate. 

1 Number of missing data: height (110), body weight (1), smoking status (76), hematocrit (2), LDL (419), HDL (420), previous cardiac angio-

plasty (4), left ventricular ejection fraction (85), radiocontrast dose (2), intravenous fluid (263), urine output (282) and current medication (4). 

2 BMI is calculated as body weight (kg)/height (m)2. 

3 Some patients had more than one disease. 

4 Low osmolar radiocontrast agents were used in all patients. 

ACEIs; Angiotensin converting enzyme inhibitors, ARBs; Angiotensin receptor blockers, BMI; Body Mass Index, CrCl; creatinine clearance 

(the Cockcroft and Gault formula), eGFR; estimated glomerular filtration rate (the abbreviated MDRD equation), HDL; high density lipoprotein, 

LDL; low density lipoprotein, LVEF; Left ventricular ejection fraction, NYHA; New York Heart Association functional classification. 
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Table 1. Patient and procedural characteristics. 
 

Variables Patients (N=647) 

Demographic data  

eGFR (mL/min/1.73 m2)3                                 63.93 ± 24.30 

eGFR < 60 mL/min/1.73 m2 287 (45.6) 

CrCl (mL/min)1, 4                                 54.64 ± 23.64 

Hematocrit1                                 37.50 ±   5.3 

LDL (mg/dL)1                               109.52 ± 37.89 

HDL (mg/dL)1                                 45.04 ± 12.99 

Previous cardiac angioplasty1  74  (11.4) 

LVEF (%)1                                 53.40 ± 16.40 

Past Medical History3  

Hypertension  346 (53.5) 

Diabetes mellitus 170 (26.3) 

Dyslipidemia 225 (34.8) 

Ischemic heart disease 361 (55.8) 

Chronic heart failure 119 (18.4) 

Valvular heart disease 251 (38.8) 

Atrial fibrillation  149 (23.0) 

Chronic kidney disease  93 (14.2) 

Current Medications1  

Aspirin  389 (60.5) 

Clopidogrel  266 (41.4) 

Warfarin  86 (28.9) 

ACEIs/ARBs 353 (54.9) 

Beta-blockers 401 (62.4) 

Calcium channel blockers 117 (18.2) 

Oral Nitrates 185 (28.8) 

Digoxin 102 (15.9) 

Diuretics  349 (54.3) 

Furosemide  255 (39.4) 

Statins 366 (56.6) 

Proton-pump inhibitors  153 (23.8) 

Metformin  69 (10.7) 

Sulfonylureas 85 (13.1) 

Insulin 36   (5.6) 

Procedure data  

Cardiac angiography 446 (68.9) 

Cardiac angioplasty 201 (31.1) 

Radiocontrast1,4 (mL)          30 (20 - 80) 

minimum     10 

maximum   460 

Intravenous fluid (mL/day)1 900 (646 - 1,400) 

Urine output (mL/day)1 1,000 (602 - 1,530) 
 

Data are present as mean ± standard deviation or median (Q1-Q3) as appropriate. 

5 Number of missing data: height (110), body weight (1), smoking status (76), hematocrit (2), LDL (419), HDL (420), previous cardiac angio-

plasty (4), left ventricular ejection fraction (85), radiocontrast dose (2), intravenous fluid (263), urine output (282) and current medication (4). 

6 BMI is calculated as body weight (kg)/height (m)2. 

7 Some patients had more than one disease. 

8 Low osmolar radiocontrast agents were used in all patients. 

ACEIs; Angiotensin converting enzyme inhibitors, ARBs; Angiotensin receptor blockers, BMI; Body Mass Index, CrCl; creatinine clearance 

(the Cockcroft and Gault formula), eGFR; estimated glomerular filtration rate (the abbreviated MDRD equation), HDL; high density lipoprotein, 

LDL; low density lipoprotein, LVEF; Left ventricular ejection fraction, NYHA; New York Heart Association functional classification. 
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Table 2. Number of serum creatinine monitoring and contrast-associated acute kidney injury. 
 

Day SCr monitoring (%) (N=647) Number of CA-AKI*,** 

1 403 (62.3) 35 

2 241 (37.2) 19 

3 149 (23.0) 2 

4 114 (17.6) 4 

5 95 (14.7) 4 

6 102 (15.8) 5 

7 106 (16.4) 9 
 

*CA-AKI was defined as an increase in SCr ≥0.3 mg/dL within 2 days or an increase in SCr ≥50% within 7 days after radiocontrast adminis-

tration., **only new CA-AKI were counted. 

SCr; serum creatinine, CA-AKI; contrast-associated acute kidney injury. 

 

3. RESULTS 

 

3.1. Baseline patient and procedural characteristics 

 

There were 647 patients with a mean age of 62.6± 

10.2 years, and 55% were male (Table 1.). The mean eGFR 

was 69.93±24.30 mL/min/1.73 m2. There were 287 patients 

(45.6%) with an eGFR less than 60 mL/min/1.73 m2. The 

three most common underlying diseases were ischemic 

heart disease (55.8%), hypertension (53.5%), and valvular 

heart disease (38.8%), respectively. Forty hundred and 

forty-six patients (68.9%) underwent cardiac angiography. 

A low osmolar radiocontrast agent and 0.9% saline solu-

tion were administed to all patients before or after the 

procedure with a variable rate and amount. 

 

3.2. Serum creatinine monitoring 

 

Most patients (76.5%) had SCr monitoring within 

two days after receiving radiocontrast (Table 2.). About 

78% of patients had SCr followed up 1-2 times, and less 

than 5% had SCr monitored more than four times within 

seven days after the procedure (Supplementary Table 1A). 
 

3.3. Occurrence of CA-AKI 

 

CA-AKI occurred in 78 patients (12.1%), and more 

than 50% of these patients had detected CA-AKI within 

the first two days. The longer-term monitoring of SCr 

resulted in additional CA-AKI detected  shown in Table 2. 

 

3.4. Performance of pre-procedural variable models 

to predict contrast-associated acute kidney injury. 

 

Of those 647 patients, 643 records were used to test 

Inohara’s risk model12. 638 records were used to test 

Tziakas’ risk model14. Only 193 records were used to test 

Chen’s risk model10 due to the unavailability of HDL 

laboratory reports. The c-statistic of Chen’s risk model 

was highest at 0.571, followed by Inohara’s risk model 

(c-statistic=0.551) and Tziakas’ risk model (c-statistic= 

0.530) (Table 3. and Figure 1.). The result of subgroup of 

patients who underwent cardiac angiography or angio-

plasty were comparable. 

4. DISCUSSION 

 

In this study, three preprocedural CA-AKI risk 

models examination resulted in the range of c-statistic 

0.530-0.57 with a comparable value among a subgroup of 

patients who underwent cardiac angiography and angio-

plasty. The results indicated that the discriminative 

ability of the three risk models was low and not clinically 

useful for elective cardiac angiography or angioplasty in 

Thai patients20-21. The performance of the tested models 

usually decreases when tested in different cohorts22. The 

explanation might be the differences in patient characte-

ristics as unreported of valvular heart disease in Chen’s 

and Iohara’s studies and only 7% reported in Tziakas’s 

study10,12,14. In addition, in the present study, 68.9% of 

patients underwent elective cardiac angiography, but all 

patients in the previous development risk models under-

went angioplasty7,19,21,23 which may affect the perfor-

mance of the tested models. The volume of fluid hydra-

tion and diuretic use might contribute to the risk of CA-

AKI but have not been included in the risk models7. Ma 

B et al. examined the risk score of Tziakas et al. in Cana-

dians who underwent cardiac angioplasty and showed 

that this risk model also had low discrimination (Supple-

mentary Table 2A.)22. 

Three CA-AKI prediction models selected in this 

study have been based on the following criteria. The pre-

procedural risk models can apply to patients who plan to 

undergo elective cardiac angiography or angioplasty. We 

excluded the procedural risk models because some 

variables can be obtained only after the procedure. There-

fore, they have little benefit in the surveillance and pre-

vention of CA-AKI. The prediction models of CA-AKI 

in patients with ST-segment elevation myocardial infarc-

tion (STEMI) who required primary angioplasty were 

excluded due to limited time for CA-AKI risk evaluation 

and prevention. Secondly, validated predictive risk models 

should yield at least 0.7 or an acceptable value of the c-

statistic of discrimination of the model24. The variables 

in the model should be ready to use for evaluation with 

no additional information required. Lastly, it should not 

be time-consuming with variables not greater than 10 in 

the model. 

A systematic review of risk prediction models with 
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Table 3. Performance of three pre-procedural contrast-associated acute kidney injury models. 

 

Risk score  Number of patients C-statistic 95% CI 

Chen8 All 193 0.571 0.436-0.706 

     angiography 126 0.557 0.407-0.707 

     angioplasty 67 0.706 0.404-1.000 

Inohara10 All 643 0.551 0.484-0.619 

     angiography 442 0.554 0.475-0.633 

     angioplasty 201 0.558 0.438-0.678 

Tziakas11 All 638 0.530 0.460-0.601 

     angiography 437 0.521 0.440-0.602 

     angioplasty 201 0.584 0.439-0.729 

 

 

Figure 1. A. Chen’s risk score (AUC 0.571; 95% CI 0.436-0.706); B. Inohara’s risk score (AUC 0.551; 95% CI 0.484-0.619); C. Tziakas’ risk 

score (AUC 0.530; 95% CI 0.460-0.601). 

 

internal validation for contrast-associated nephropathy 

demonstrated high discrimination7. Chen YL et al. per-

formed the split-sample internal validation of the two 

groups in which the baseline clinical and procedural 

characteristics had no significant differences. Chen’s 

prediction model yielded the same c-statistic of 0.82 in 

training and validation datasets10.  However, the external 

validation of Chen’s prediction model demonstrated  low 

discriminative power with c-statistic 0.555, 0.478, and 

0.49 by Liu Y-H et al., Serif L et al., and Yin W et al., 

respectively (Supplementary Table 2A.)9,25-26. Our study 

observed low discriminatory ability with c-statistic 0.571 

in Chen’s model. Although performing internal valida-

tion, Inohara’s prediction model had not reported the c-

statistic and patient characteristics in the validation 

dataset.12  as well as Chen’s prediction model, external 



Pharmaceutical Sciences Asia 

 
523 

validation by Yin W et al. demonstrated low discrimina-

tion with c-statistic 0.52 (Supplementary Table 2A.)25. 

Tziakas’ prediction model also was  validated externally 

in another three settings. The first external validation 

demonstrated excellent discriminating power with c-

statistic 0.864. The validation cohort was also from the 

setting of the derivation study cohort and had similar 

baseline characteristics14. The second external validation 

performed in a multicenter across four countries had 

moderate discrimination with a c-statistic of 0.74115. 

The third external validation exhibited a low capability of 

discriminating power with c-statistic 0.502, even though 

the study was performed in the same setting as in the first 

external validation at different times (Supplementary 

Table 2A.)9. Our finding also demonstrated low discrimi-

natory ability with c-statistic 0.530 in Tziakas’ model.  

Although there are many CA-AKI definitions27, we 

used KDIGO’s CA-AKI, a broadly accepted definition, 

to standardize and compare across studies4,28. These 

three risk models showed less discrimination capability. 

Perhaps, due to the difference in CA-AKI definition from 

the original studies9,22,25. Because c-statistics is a function 

of sensitivity and specificity of risk score, differences in 

the definition of CA-AKI can affect its value7.  

The rate of CA-AKI in this study was 12.1%. The 

incidence of CA-AKI in patients who underwent cardiac 

angiography or angioplasty range from 1.7% to 23%22, 

29-35. Reports of incidence of CA-AKI have varied, de-

pending on the population, the baseline risk factors, and 

the duration of SCr monitoring1. 

This first study reported the incidence of CA-AKI, 

regarding KDIGO’s definition, the most widely accepted 

guideline, in Thai elective cardiac angiography or angio-

plasty patients. This study had some limitations inherent 

to the retrospective study. First, the SCr monitoring in 

each patient during the high-risk period was not uniformly 

measured. The follow-up SCr in patients with a high risk 

of developing CA-AKI justified by the physician’s 

perspective was more often than usual. On the contrary, 

some patients who had not been monitored SCr or had 

less monitoring as required might have delayed diagnosis 

or failure to diagnose CA-AKI. CI-AKI usually occurs 

within 2-3 days after exposure to radiocontrast. Creati-

nine levels typically rise within 24 hours and peak three 

to five days afterward27-36. Our study found that CA-AKI 

still occurred from day 3 to 7 after contrast media admi-

nistration. Therefore, SCr should be monitored closely 

within seven days after the procedure.  Second, mainly 

because HDL data was not readily available, there were 

only 193 (29.8%) patients to examine Chen’s risk score. 

Several reasons explained why many patients did not 

have lipid panel measurements. Patients referred to the 

hospital for angiography or angioplasty purposes were 

tremendous. Second, about 40% of patients received 

coronary angiography before valvular surgery. These 

patients were young adults with low atherosclerotic risks. 

Apart from ischemic heart disease (IHD), warfarin use, 

and statin use, the main clinical and procedural charac-

teristics of these 193 patients were similar to overall 

patients (data not shown). Ischemic heart disease and 

statin usage were common in the subgroup (65.3% and 

65.3%) compared to all patients (55.8% and 56.6%). 

Because a history of myocardial infarction (MI) was a 

predictor of Chen’s risk score, the number of patients 

with such a history influenced the score that might alter 

the performance of the risk score. However, there was 

no significant difference in the history of MI among the 

overall patients (30.4%) and the subgroup patients (34.7%). 

In the subgroup, 106 patients (84.8%) with IHD had 

chronic statin use that was not significantly different from 

overall patients, 290 individuals (80.4%). While high-dose 

statin for secondary prevention in statin-naïve patients 

was advocated as one prevention measure for CA-AKI 37, 

the rates of CA-AKI in patients with IHD and statin-naive 

were 0 and 1.7 percent (p=0.33) in the subgroup of 193 

patients and total participants. Therefore, IHD and statin 

usage might not affect the performance of the risk score. 

The difference in warfarin used between the subgroup 

and overall patients might not affect the c-statistics of 

the risk score since it has not been considered a factor 

associated with CA-AKI1,5,38. Consider the c-statistics 

of Chen's risk score’s 95 percent confidence interval. This 

risk score had a low probability of being clinically useful 

(c-statistic >0.75) in Thai patients21.  An adequate number 

of patients in further studies are needed to confirm this 

assumption. 

Lastly, this was a single-center study, so generalizing 

our findings to the different populations should be done 

with caution. Compared to CA-AKI studies in Thai 

elective cardiac angiography or angioplasty patients, all 

the studies were small (n=61-305) and done in medical 

schools from 2008 to 201613,39-44. These studies usually 

selected high-risk groups as those with diabetes mellitus 
44 or chronic kidney disease41-43, and aimed to investigate 

the effectiveness of preventive measures of CA-AKI39, 

41,43. One prospective study validated Mehran’s risk score 

for CA-AKI after cardiac angiography or angioplasty13, 

the most well-known procedural risk model45. The ana-

lysis illustrated the high discrimination with a c-statistic 

of 0.86. The traditional definition of CA-AKI, SCr 

increases at least 25% or 0.5 mg/dL within 48 hours, 

were used. Majortity of the patients were elderly (the mean 

age was 67 years), and two-thirds were over 75 years old. 

Additionally, the incidence of CA-AKI was only 6.5%, 

which was less than expected due to few samples. It may 

be appropriate to use the predictive risk of CA-AKI in 

Thai patients after the procedure if Mehran’s predictive 

risk model has highly discriminating capability in the 

large sample size and the standardized CA-AKI defini-

tions used. Overall, patients in these studies were older  

than our patients, and  there were male more than females 
13,39-44. Baseline renal function as eGFR or CrCl of the 
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patients were lower to our patients in three studies that 

included only patients with CKD41-43, not differ from our 

patients in two studies13,39, and better than our patients 

in one study44. Most studies included more patients with 

hypertension, diabetes mellitus, and dyslipidemia13,39-44. 

Low osmolar contrast agents were mainly used in all 

studies13,39-44, recommended and preferred by the Society 

for Cardiovascular Angiography and Interventions 

(SCAI)6,46. At this time, the professionals should assess 

kidney function to identify those at high risk of CA-AKI 

before having cardiac angiography or angioplasty1,6,37,47. 

 

5. CONCLUSION 

 

In the present study, CA-AKI occurred in 12.1% of 

patients. The pre-procedural risk models by Chen, Inohara, 

and Tziakas illustrated low discrimination in predicting 

CA-AKI. Therefore, these predictive risk models of 

CA-AKI may have limited application in Thai elective 

cardiac angiography or angioplasty. Before coronary 

angiography or angioplasty, the health care professionals 

should confirm the kidney function of the patients at high 

risk of CA-AKI. This research is just a validation study in 

Thai cardiac angiography or angioplasty of these three 

risk models. Another validation should be done in many 

different groups in a large and sufficient sample of Thai 

cardiac angiography or angioplasty to provide an average 

c-statistic for Thai patients. A prospective study is war-

ranted, allowing for collection parameters that affect the 

CA-AKI, such as hydration fluid volume and the manage-

ment of a consistent SCr measurement. 

 

6. ACKNOWLEDGEMENT 

 

We would like to express our sincere gratitude to 

Maharaj Nakorn Chiang Mai hospital for allowing us to 

conduct this study. 

 

Funding 

None to declare. 

 

Conflict of interest 

None to declare. 

 

Ethics approval 

The research ethics committee, Faculty of Medicine, 

Chiang Mai University, approved the study protocol 

(study code: NONE-2559-04380).  The study conforms to 

the principles outlined in the Declaration of Helsinki. 

 

Implication for health policy makers/practice/research/ 

medical education 

Chen’s, Inohara’s and, Tziakas’ predictive risk models 

have moderate discriminative ability in Thai elective 

cardiac angiography or angioplasty. Development and 

validation  of  a  good  clinical applicable pre-procedural 

CA-AKI predictive risk model is still needed. 

 

Author contribution 

SS, PS conceived and designed the analysis. SS Collected 

the data. SS, KL and PS contributed data and analysis 

tools. SS performing the analysis. SS, KL and PS wrote 

the paper.  

 

Article info: 

Received May 11, 2022 

Received in revised form July 9, 2022 

Accepted July 26, 2022 

 

REFERENCES 
1. Kellum JA, Lameire N, Aspelin P, Barsoum RS, Burdmann EA, 

Goldstein SL et al. Kidney disease: Improving global outcomes 

(KDIGO) acute kidney injury work group. KDIGO clinical 

practice guideline for acute kidney injury. Kidney Inter Suppl. 

2012;2(1):1-138.  

2. Azzalini L, Kalra S. Contrast-Induced Acute Kidney Injury-

Definitions, Epidemiology, and Implications. Interv Cardiol Clin. 

2020;9(3):299-309.  

3. Ozkok S, Ozkok A. Contrast-induced acute kidney injury: A 

review of practical points. World J Nephrol. 2017;6(3):86-99.  

4. Legnazzi M, Agnello F, Capodanno D. Prevention of contrast-

induced acute kidney injury in patients undergoing percutaneous 

coronary intervention. Kardiol Pol. 2020;78(10):967-73.  

5. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, Cer-

cek B, et al. 2011 ACCF/AHA/SCAI Guideline for Percutaneous 

Coronary Intervention: a report of the American College of Car-

diology Foundation/American Heart Association Task Force on 

Practice Guidelines and the Society for Cardiovascular Angio-

graphy and Interventions. Circulation. 2011;124(23):e574-651.  

6. Naidu SS, Abbott JD, Bagai J, Blankenship J, Garcia S, Iqbal 

SN, et al. SCAI expert consensus update on best practices in the 

cardiac catheterization laboratory: This statement was endorsed 

by the American College of Cardiology (ACC), the American 

Heart Association (AHA), and the Heart Rhythm Society (HRS) 

in April 2021. Catheter Cardiovasc Interv. 2021;98(2):255-76. 

7. Silver SA, Shah PM, Chertow GM, Harel S, Wald R, Harel Z. Risk 

prediction models for contrast induced nephropathy: systematic 

review. BMJ. 2015;351:h4395. 

8. McCullough PA, Adam A, Becker CR, Davidson C, Lameire N, 

Stacul F, et al. Risk prediction of contrast-induced nephropathy. 

Am J Cardiol. 2006;98(6A):27K-36K.  

9. Serif L, Chalikias G, Didagelos M, Stakos D, Kikas P, Thomaidis 

A, et al. Application of 17 Contrast-Induced Acute Kidney Injury 

Risk Prediction Models. Cardiorenal Med. 2020;10(3):162-74. 

10. Chen YL, Fu NK, Xu J, Yang SC, Li S, Liu YY, et al. A simple 

preprocedural score for risk of contrast-induced acute kidney 

injury after percutaneous coronary intervention. Catheter Car-

diovasc Interv. 2014;83(1):E8-16.  

11. Mehran R, Dangas GD, Weisbord SD. Contrast-Associated Acute 

Kidney Injury. N Engl J Med. 2019;380(22):2146-55. 

12. Inohara T, Kohsaka S, Abe T, Miyata H, Numasawa Y, Ueda I, 

et al. Development and validation of a pre-percutaneous coronary 

intervention risk model of contrast-induced acute kidney injury 

with an integer scoring system. Am J Cardiol. 2015;115(12): 

1636-42. 

13. Jaimoon P. Validation of the Mehran Risk Scoring Tool to 

Predict Risk for Contrast Induced Nephropathy in Thai Patients 

Undergoing Cardiac Catheterization or Percutaneous Coronary 

Intervention [master’s thesis]. Bangkok: Mahidol University; 

2013.  

14. Tziakas D, Chalikias G, Stakos D, Apostolakis S, Adina T, Kikas  



Pharmaceutical Sciences Asia 

 
525 

P, et al. Development of an easily applicable risk score model 

for contrast-induced nephropathy prediction after percutaneous 

coronary intervention: a novel approach tailored to current 

practice. Int J Cardiol. 2013;163(1):46-55. 

15. Tziakas D, Chalikias G, Stakos D, Altun A, Sivri N, Yetkin E, 

et al. Validation of a new risk score to predict contrast-induced 

nephropathy after percutaneous coronary intervention. Am J 

Cardiol. 2014;113(9):1487-93. 

16. Vergadis C, Festas G, Spathi E, Pappas P, Spiliopoulos S. Me-

thods for Reducing Contrast Use and Avoiding Acute Kidney 

Injury During Endovascular Procedures. Curr Pharm Des. 2019; 

25(44):4648-55. 

17. Zhou X-H, Obuchowski NA, Mcclish DK. Statistical methods in 

diagnostic medicine. 2nd ed. New Jersey: John Wiley & Sons, Inc.; 

2011.  

18. Hajian-Tilaki K. Sample size estimation in diagnostic test studies 

of biomedical informatics. J Biomed Inform. 2014;48:193-204. 

19. Steyerberg EW, Vickers AJ, Cook NR, Gerds T, Gonen M, 

Obuchowski N, et al. Assessing the performance of prediction 

models: a framework for traditional and novel measures. Epide-

miology. 2010;21(1):128-38. 

20. Caetano SJ, Sonpavde G, Pond GR. C-statistic: A brief explana-

tion of its construction, interpretation and limitations. Eur J Can-

cer. 2018;90:130-2. 

21. Fan J, Upadhye S, Worster A. Understanding receiver operating 

characteristic (ROC) curves. CJEM. 2006;8(1):19-20. 

22. Ma B, Allen DW, Graham MM, Har BJ, Tyrrell B, Tan Z, et al. 

Comparative Performance of Prediction Models for Contrast-

Associated Acute Kidney Injury After Percutaneous Coronary 

Intervention. Circ Cardiovasc Qual Outcomes. 2019;12(11):e005854.  

23. Mandrekar JN. Receiver operating characteristic curve in diag-

nostic test assessment. J Thorac Oncol. 2010;5(9):1315-6. 

24. Li F, He H. Assessing the Accuracy of Diagnostic Tests. Shanghai 

Arch Psychiatry. 2018;30(3):207-12. 

25. Yin W, Zhou G, Zhou L, Liu M, Xie Y, Wang J, et al. Validation 

of pre-operative risk scores of contrast-induced acute kidney 

injury in a Chinese cohort. BMC Nephrol. 2020;21(1):45. 

26. Liu YH, Liu Y, Zhou YL, He PC, Yu DQ, Li LW, et al. Compa-

rison of Different Risk Scores for Predicting Contrast Induced 

Nephropathy and Outcomes After Primary Percutaneous Coro-

nary Intervention in Patients With ST Elevation Myocardial 

Infarction. Am J Cardiol. 2016;117(12):1896-903. 

27. Klein LW, Sheldon MW, Brinker J, Mixon TA, Skelding K, 

Strunk AO, et al. The use of radiographic contrast media during 

PCI: a focused review: a position statement of the Society of 

Cardiovascular Angiography and Interventions. Catheter Cardi-

ovasc Interv. 2009;74(5):728-46. 

28. Chandiramani R, Cao D, Nicolas J, Mehran R. Contrast-induced 

acute kidney injury. Cardiovasc Interv Ther. 2020;35(3):209-17.  

29. Lun Z, Liu L, Chen G, Ying M, Liu J, Wang B, et al. The global 

incidence and mortality of contrast-associated acute kidney injury 

following coronary angiography: a meta-analysis of 1.2 million 

patients. J Nephrol. 2021;34(5):1479-89. 

30. Helgason D, Long TE, Helgadottir S, Palsson R, Sigurdsson GH, 

Gudbjartsson T, et al. Acute kidney injury following coronary 

angiography: a nationwide study of incidence, risk factors and 

long-term outcomes. J Nephrol. 2018;31(5):721-30. 

31. Pavasini R, Tebaldi M, Bugani G, Tonet E, Campana R, Cimaglia 

P, et al. Contrast Associated Acute Kidney Injury and Mortality in 

Older Adults with Acute Coronary Syndrome: A Pooled Analysis 

of the FRASER and HULK Studies. J Clin Med. 2021;10(10): 

2151. 

32. Kanthasamy V, Gill S. Are we following the guidelines to prevent 

contrast induced acute kidney injury? A clinical audit on patients 

with chronic kidney disease (CKD) undergoing Coronary Angio-

gram. Atherosclerosis. 2016;252:e149.  

33. Lun Z, Liu J, Liu L, Liang J, Chen G, Chen S, et al. Association 

of Early and Late Contrast-Associated Acute Kidney Injury and 

Long-Term Mortality in Patients Undergoing Coronary Angio- 

graphy. J Interv Cardiol. 2021;2021:6641887.  

34. Margolis G, Gal-Oz A, Letourneau-Shesaf S, Khoury S, Keren 

G, Shacham Y. Acute kidney injury based on the KDIGO criteria 

among ST elevation myocardial infarction patients treated by 

primary percutaneous intervention. J Nephrol. 2018;31(3):423-8.  

35. Kanbay M, Siriopol D, Ozdogan E, Afsar B, Ertuglu LA, Grigore 

M, et al. Serum osmolarity as a potential predictor for contrast-

induced nephropathy following elective coronary angiography. 

Int Urol Nephrol. 2020;52(3):541-7. 

36. Zdziechowska M, Gluba-Brzózka A, Franczyk B, Rysz J. Bio-

chemical Markers in the Prediction of Contrast-induced Acute 

Kidney Injury. Curr Med Chem. 2021;28(6):1234-50. 

37. Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, 

Benedetto U, et al. 2018 ESC/EACTS Guidelines on myocardial 

revascularization. Eur Heart J. 2019;40(2):87-165. 

38. Wang Y, Liu K, Xie X, Song B. Contrast-associated acute kidney 

injury: An update of risk factors, risk factor scores, and preven-

tive measures. Clin Imaging. 2021;69:354-62. 

39. Nimkuntod P, Chotinoparatpat P, Sermswan A. Short Course 

Sodium Bicarbonate versus Isotonic Saline for Contrast Induced 

Nephropathy Prevention after Coronary Angiography. Thai Heart 

J. 2010;23:57-64. 

40. Chaemchoi T, Punyawudho B, Srimahachota S. Prediction of 

contrast-induced nephropathy after percutaneous coronary inter-

vention: Role of contrast volume/body weight ratio. Chula Med 

J. 2011;55(4):341-54.  

41. Tasanarong A, Vohakiat A, Hutayanon P, Piyayotai D. New 

strategy of α- and γ-tocopherol to prevent contrast-induced acute 

kidney injury in chronic kidney disease patients undergoing 

elective coronary procedures. Nephrol Dial Transplant. 2013;28 

(2):337-44. 

42. Tasanarong A, Hutayanon P, Piyayotai D. Urinary Neutrophil 

Gelatinase-Associated Lipocalin predicts the severity of contrast-

induced acute kidney injury in chronic kidney disease patients 

undergoing elective coronary procedures. BMC Nephrol. 2013; 

14:270. 

43. Kananuraks S, Assanatham M, Boongird S, Kitiyakara C, Tham-

mavaranucupt K, Limpijarnkij T, et al. Bioimpedance Analysis-

Guided Volume Expansion for the Prevention of Contrast-Induced 

Acute Kidney Injury (the BELIEVE Pilot Randomized Controlled 

Trial). Kidney Int Rep. 2020;5(9):1495-502. 

44. Worasuwannarak S, Pornratanarangsi S. Prediction of contrast-

induced nephropathy in diabetic patients undergoing elective 

cardiac catheterization or PCI: role of volume-to-creatinine clea-

rance ratio and iodine dose-to-creatinine clearance ratio. J Med 

Assoc Thai. 2010;93 Suppl 1:S29-34.  

45. Bugani G, Ponticelli F, Giannini F, Gallo F, Gaudenzi E, Laricchia 

A, et al. Practical guide to prevention of contrast-induced acute 

kidney injury after percutaneous coronary intervention. Catheter 

Cardiovasc Interv. 2021;97(3):443-50.  

46. Naidu SS, Aronow HD, Box LC, Duffy PL, Kolansky DM, Kupfer 

JM, et al. SCAI expert consensus statement: 2016 best practices in 

the cardiac catheterization laboratory: (Endorsed by the cardio-

logical society of india, and sociedad Latino Americana de Car-

diologia intervencionista; Affirmation of value by the Canadian 

Association of interventional cardiology-Association canadienne 

de cardiologie d’intervention). Catheter Cardiovasc Interv. 2016; 

88(3):407-23. 

47. Lameire N, Adam A, Becker CR, Davidson C, McCullough PA, 

Stacul F, et al. Baseline renal function screening. Am J Cardiol. 

2006;98(6A):21K-6K.  


