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ABSTRACT

Introduction and objectives: Between 10% and 25% of patients hospitalized due to an acute coronary syndrome develop acute 
kidney injury, a condition associated with higher morbidity and mortality rates. Scores have been developed to predict the occur-
rence of post-coronary angiography contrast-induced nephropathy (CIN) in patients with acute coronary syndrome. The objective 
of this study was to assess the association between microalbuminuria and post-coronary angiography CIN in patients with acute 
coronary syndrome.
Methods: Patients admitted with acute coronary syndrome in whom a coronary angiography was performed during their hospital-
ization and with urinary albumin-to-creatinine ratio (ACR) assessment within the first 24 hours were analyzed. The best ACR cutoff 
value for coronary angiography-induced CIN was determined using the C-statistic measure. The receiver operating characteristic 
(ROC) curves were built to compare between the predictive ability of the Mehran score alone and also in combination with the 
ACR.
Results: A total of 148 patients were analyzed. Median age was 64 years (56-73), 35% were women, mean creatinine clearance 
rate at admission was 86 mL/min (66-107) and the ACR was 5 mg/g (0-14). The analysis showed that 9.6% of the patients developed 
post-coronary angiography CIN with ACR levels ≥ 20 mg/g compared to 1.6% when these levels were < 20 mg/g. The area under 
the ROC curve of the Mehran score to predict the development of post-coronary angiography CIN was 0.75 (95%CI, 0.68-0.81) 
and when the ACR was added it went up to 0.82 (95%CI, 0.76-0.87).
Conclusions: The ACR levels at admission were associated with the development of post-coronary angiography CIN and bring 
added value to an already validated predictive score. Therefore, the ACR should be used as a simple and accessible tool to detect 
and prevent this severe complication in patients with acute coronary syndrome.
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La microalbuminuria predice el desarrollo de nefropatía inducida  
por contraste en pacientes con síndrome coronario agudo

RESUMEN

Introducción y objetivos: Entre el 10 y el 25% de los pacientes hospitalizados por síndrome coronario agudo desarrollan insuficiencia 
renal aguda, lo que aumenta la morbimortalidad. Existen escalas para predecir la aparición de nefropatía inducida por contraste 
(NIC) tras la realización de una angiografía coronaria en pacientes con síndrome coronario agudo. El objetivo de este estudio fue 
evaluar la asociación entre el índice albúmina-creatinina (IAC) urinario y el desarrollo de NIC tras una angiografía coronaria en 
pacientes con síndrome coronario agudo. 
Métodos: Se analizaron pacientes internados por síndrome coronario agudo a quienes se realizó angiografía coronaria durante el 
ingreso, con el cálculo del IAC en las primeras 24 horas. Se determinó el mejor valor de corte por curva ROC (Receiver Operating 
Characteristic) del IAC asociado a NIC. Se compararon las curvas ROC de la escala de Mehran sola y con el agregado de la variable 
de IAC. 
Resultados: Se analizaron 148 pacientes. La mediana de la edad fue de 64 años (56-73), el 35% eran mujeres, el aclaramiento de 
creatinina fue de 86 ml/min (66-107) y el IAC de 5 mg/g (0-14). El 9,6% de los pacientes desarrollaron NIC tras la angiografía 
coronaria cuando su IAC fue ≥ 20 mg/g y el 1,6% cuando fue < 20 mg/g. El área bajo la curva ROC de la escala de Mehran para 
predecir el desarrollo de NIC tras la angiografía coronaria fue de 0,75 (intervalo de confianza del 95% [IC95%], 0,68-0,81); cuando 
se agregó la variable de IAC fue de 0,82 (IC95%, 0,76-0,87). 
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INTRODUCTION

Renal function impairment is associated with poor prognosis in 
patients with stable or acute coronary syndrome (ACS). One of the 
most common causes of acute kidney injury (AKI) in hospitalized 
patients is the nephropathy induced by the IV administration of 
contrast agents.1 Its incidence varies between 1% and 6%, and 
increases considerably in high-risk conditions like in the ACS 
setting. The reported frequency of post-coronary angiography 
contrast-induced nephropathy (CIN) goes from 12% to 46% in 
patients with ACS.2,3

There are several potential causes that trigger CIN in patients 
without a past medical history of kidney failure such as hemody-
namic instability, the IV administration of contrast agents, throm-
boembolic events, and adverse drug reactions, among others. Also, 
it is important to consider the type of contrast used, its osmolarity, 
the volume administered, and the lack of preventive measures.4-6

Because CIN is associated with poor prognosis in hospitalized 
patients, predictive scores have been designed to identify the most 
vulnerable patients who can develop this complication. The 
Mehran score is one of the most popular indices to estimate  
the chances of post-coronary angiography CIN.7

It is well-established that microalbuminuria is a predictor of 
kidney dysfunction mainly in diabetic and hypertensive 
patients.8-14 Also, there is a correlation between high levels of 
microalbuminuria and the poor outcomes seen in patients with 
ACS.15-16 Currently, microalbuminuria is estimated through the 
dosage of the albumin-to-creatinine ratio (ACR) through a simple 
urine sample.17

The objective of this study is to calculate microalbuminuria using 
the ACR as a predictive variable of post-coronary angiography CIN 
in patients with ACS.

METHODS

Population

Patients with ACS consecutively admitted to the coronary care 
unit of a community hospital were analyzed. Those undergoing 
an in-hospital coronary angiography with non-ionic, hyperosmolar 
IV contrast agents such as iopamidol, optiray or xenetix, were 
included in the study. The volume of IV contrast for each angio-
graphic study was calculated retrospectively. It was estimated that 

each injection of contrast material into the left coronary artery 
required an average 10 cc to 8 cc for the right coronary artery.

Patients with a past medical history of renal failure, macroalbu-
minuria, treatment with diuretics and patients with secondary 
angina were excluded from the study.

The urinary ACR was assessed in all patients included in the study 
using an immunoturbidimetric assay in simple urine samples within 
the first 24 hours after hospitalization.

Definitions

IV contrast-induced nephropathy (CIN) was defined as an increase 
in serum creatinine levels ≥ 25% 48 hours after performing the 
coronary angiography or an absolute increase of ≥  0.5 mg/dL 
compared to levels at admission.

Microalbuminuria was defined as an abnormal urinary albumin 
excretion rate between 30 to 200 mg/min or 30 to 229 mg/day.

The study protocol was approved by the center review board and 
conducted in compliance with the Declaration of Helsinki, good 
clinical practice guidelines, and local regulatory requirements. 
Informed consents were obtained from all patients. 

Biochemical considerations

A urine sample collected within the first 24 hours after admission 
(preferably during morning hours) was centrifuged at 3000 rpm and 
stored at -20° Celsius until biochemical analysis was conducted. 
The principle of the ACR test is immunoturbidimetry. This method 
is based on the reaction of human albumin antibodies to the antigen. 
Complexes are then measured after agglutination. The COBAS 6000 
analyzer (ROCHE, Switzerland) was used to process the sample. 
The analytical detection limits of the assay were between 3 mg/g 
and 400 mg/g. The test variation coefficient was 3.8%. 

Statistical analysis

The Kolmogorov-Smirnov test was used to analyze the distribution 
of continuous variables and their kurtosis-skewness measures. 
Data were expressed as mean and standard deviation or as median 
with interquartile range (25%-75%) and compared using Student’s 
t test or Mann-Whitney-Wilcoxon test for independent groups 

Abbreviations 

ACR: Albumin-to-creatinine ratio. ACS: Acute coronary syndrome. AKI: Acute kidney injury. CIN: Contrast-induced nephropathy.

Conclusiones: El IAC basal se asoció con el desarrollo de NIC tras la angiografía coronaria. Al añadirlo a la escala de Mehran 
aumentó la capacidad discriminativa. El IAC podría ser una herramienta de simple uso, bajo costo y amplia disponibilidad para 
detectar pacientes en riesgo de desarrollar NIC y adoptar medidas preventivas apropiadas.
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according to their parametric or non-parametric distribution, 
respectively. 

Discrete variables were expressed as percentages and compared 
using the chi-square test. The cross-product ratio was expressed 
as odds ratio (OR) with its 95% confidence interval (95%CI). The 
C-statistic measure was used to detect the best ACR cutoff value 
associated with the primary endpoint and compare the discrimi-
nation capacity of the Mehran score alone and with the ACR 
combined. 

A multivariable regression analysis will be built to predict CIN 
including ACR and adjusted using the Mehran score.

Both the IBM SPSS Statistics version 19 software and the MedCalc 
version 11.6.1 software (Mariakerke, Belgium) were used for statis-
tical analysis and to calculate and compare the C-statistic measure. 
To test the additional predictive value of ACR, the C-statistic meas-
urewas compared using the Mehran score alone and after adding 
the ACR information obtained.

RESULTS

Out of a total of 397 patients diagnosed with ACS, 148 (59.4%) 
underwent a coronary angiography during hospitalization and this 
was the study population. The mean age was 64 ± 12 years; 35% 
were women, 20% had diabetes, 54% dyslipidemia, 65% hyperten-
sion, and 42% were active smokers. The mean blood sugar levels 
on admission were 110 mg/dL (98-133 mg/dL), the median creati-
nine clearance rate (estimated using the MDRD) was 86 mL/min 
(66-107), and the ACR was 5  mg/g (0-14) (table 1). The patient 
comparison between these groups with or without CIN showed a 
higher rate of overweight and obesity, left bundle branch block, 
atrial fibrillation, and AMI Killip and Kimball class III-IV (table 2). 

The C-statistic measure showed that the best CIN related ACR 
cutoff value was 20 mg/g. Twelve patients developed CIN (8.1%) 
and the ACR of 22% of the patients was >20 mg/g. The rate of 
ACR > 20 mg/g among patients without CIN was 2.9% and 11.3% 
(P = .01) among patients with CIN. Contrast-induced nephrop-
athy was significantly higher when the ACR was ≥  20 mg/g 
compared to when it was <  20 mg/g (≥  9.6% vs 1.6%, res- 
pectively, P <  .001). When the ACR was added to the Mehran 
score, its predictive power went up to 0.82 (95%CI, 0.76-0.87). 
(Figure 1).

Using a multivariable regression analysis model the ACR > 20 mg/g 
turned out to be an independent predictor for CIN: OR, 3.2 (0.7-6.2); 
P = .01, adjusted by the Mehran score variables (age, women, body 
mass index, atrial fibrillation, Killip Class III-IV, and creatinine 
clearance rate).

DISCUSSION

Our study proved the association between the ACR and the devel-
opment of CIN in patients admitted with ACS.

Acute kidney injury in the ACS setting predisposes to more 
complications such as in-hospital and long-term mortality; 
therefore, predicting it is of critical clinical importance.  
A recent study reported that the rate of AKI was close to 17% 
in the ACS setting with significant peaks of cardiovascular 
complications. In this study, the ACR was not used as an early 
marker of AKI. The development of CIN was not specifically 
analyzed either as a post-coronary angiography compli- 
cation.18-22

Microalbuminuria calculated through the ACR obtained from a 
simple urine sample is also an established marker of endothelial 
dysfunction that has been validated to predict cardiovascular 
events and mortality in different clinical settings. A previous 
analysis of our group revealed that higher ACR levels are associ-
ated with significantly worse outcomes in patients with non-ST-seg-
ment elevation ACS, and with a higher rate of hard endpoints like 
mortality and/or non-fatal acute myocardial infarction at the 
long-term follow-up (12% vs 2.2%, P  =/< .0001).23 Also, other 
authors proved its utility to assess the risk of developing AKI, 
mainly in the ACS setting or while being exposed to cardiac 
surgery.24 Tziakas et al confirmed the significant correlation 
between AMI related higher ACR levels and the development of 
AKI after this event (area under the ROC curve 0.72; 95%CI, 
0.67-0.77). However, the authors did not report on the clinical 
impact of this complication on the patient’s clinical course or  
its association with the use of contrast during coronary 
angiography.25

Special attention should be paid to patients with post-angiographic 
AKI in the ACS setting. Several studies have shown that CIN 
negatively impacts the prognosis of hospitalized and long-term 
patients. In our population, mortality in patients with CIN was 
significantly higher compared to those without this disease (33% 
vs 1.8%).

The use of urinary ACR has been less studied in this context. 
Meng et al. reported that high microalbuminuria levels (ACR in 

Table 1. Baseline characteristics of the patients

Total number of patients N = 148

Age (years), median [25-75] 64 [56-73]

Women 35

Hypertension 65

Diabetes mellitus 20

Dyslipidemia 54

Smoking 42

Previous AMI 24.5

STEAMI 20.9

NSTEACS 79.1

Fasting blood glucose levels, mg/dL 110 [98-133]

Serum creatinine levels, mg/dL 0.9 [0.8-1.0]

Creatinine clearance rate, mL/min 86 [66-107]

Urinary albumin-to-creatinine ratio, mg/gr 5 [0-14]

CPK, IU/L 121 [73-264]

CK-MB, IU/L 16 [12-34]

Troponin T levels, ng/mL 0.01 [0.01-0.27]

Moderate to severe LVSF impairment 
(EF < 40%)

5.79

Unless specified otherwise, data are expressed as % or mean and standard deviation. 
AMI, acute myocardial infarction; CK-MB, creatine kinase myocardial band; CPK, 
creatine phosphokinase; EF, ejection fraction; IQR, interquartile range; IU, international 
units; LVSF, left ventricular shortening fraction; NSTEACS, non-ST-segment elevation 
acute coronary syndrome; STEMI, ST-segment elevation myocardial infarction. 
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between 30 mg/g and 300 mg/g) were associated significantly with 
the development of post-contrast acute kidney injury in patients 
undergoing coronary catheterization (12.1% vs. 5.0%; P = .005). A 
key point here that distinguishes this study from ours is that they 
included patients with scheduled coronary angiographies only and 
out of the ACS setting.26 Another relevant point is that the ACR 
cutoff value to develop CIN was determined from the analysis of 
the area under the ROC curve, and its value of 20 mg/g was even 
lower compared to the conventional standard threshold of 30 mg/g, 
a finding that was consistent with what other clinical studies 
reported.27

The rate of CIN and its impact on the clinical outcome of coronary 
patients triggered the development of predictive scores for this 
disease. One of the best known indices is the Mehran score that 
includes variables like age >  75 years, hypertension, functional 
class III/IV heart failure, diabetes mellitus, anemia, use of intra-
aortic balloon pump, volume of contrast administered, and past 
medical history of renal dysfunction and is capable of identifying 
who the most vulnerable patients are to develop post-coronary 
angiography CIN (the area under the ROC curve was 0.75). Adding 
the ACR to this score showed an even greater discriminatory 
power to predict post-coronary angiography CIN in patients with 
ACS. This would prove the practical utility of adding this index 
as a variable to the Mehran score.

CIN, one of the most common causes for acute nephrotoxicity, is 
a multi-factor event. Among its causes we should mention the 

direct nephrotoxic effect of the contrast substances used during 
endovascular procedures on the renal endothelium and the devel-
opment of acute tubular necrosis. It is estimated that the nephro-
toxicity of hyperosmolar contrast enhanced by the hemodynamic 
alterations produced by the ongoing ACS could alter vascular 
resistance with changes in the regulation of the release and 
balance of vasoactive substances like adenosine, endothelin,  
and nitric oxide. The damage perpetuates the slowing down of 
renal perfusion, spinal hypoxemia, ischemic injury, and ultimately 
cell death. In addition to reducing the clearance of oxidative stress 
products, the lower glomerular filtration rate levels increase the 
concentration of inflammatory mediators triggering structural 
alterations at renal tubular epithelium level like edema, vacuoli-
zation, and death.28,29

We believe that these findings could help identify patients at high-
risk of developing post-coronary angiography CIN in the ACS 
setting to promote preventive measures, behaviors, and strategies 
to avoid this complication.

Limitations

First, one of the main limitations of our work is its single center 
nature. However, we should mention that the population included 
was representative and covered the entire spectrum of patients with 
ACS admitted to our coronary care unit, which secures the internal 
validity and representativeness of our study. Secondly, the under-
powered sample may have conditioned the appearance of false 
negative results due to its alpha error or lower power and stopped 
us from performing a proper multivariable analysis. Finally, certain 
data such as the volume of contrast used in each study was  
calculated retrospectively with the usual biases of this type  
of analysis.

CONCLUSIONS

The albumin-to-creatinine ratio, a recognized predictor of renal and 
endothelial dysfunction, was also a marker of CIN in patients with 
ACS with an added value when it was included in a widely vali-
dated clinical score. These results may be the beginning of a 
hypothesis-generating study to be confirmed prospectively at  
a multi-center level.

Table 2. Comparison of patients with and without contrast-induced 
nephropathy

CIN - (136) CIN + (12) P

Age (years) 63.7 [55-74] 68 [61-76] NS

Women 25.3 16.7 NS

Hypertensive 67.7 58.3 NS

Diabetic 20 33.3 NS

Body mass index 26 [24-29] 29 [25-31] .05

Creatinine clearence rate mg/dL 85 [65-108] 74 [50-98] NS

Blood glucose levels at admission, mg/dL 112 [100-142] 143 [108-209] NS

Previous AMI 26 16 NS

Previous PCI 17 8.3 NS

Previous stroke or TIA 3.6 8.3 NS

NSTEACS 17.7 25 NS

STEMI 30.8 33.3 NS

Left bundle branch block 3.6 16.7 .02

Atrial fibrillation 0.9 8.3 .02

Killip and Kimball III-IV 4.1 22 .001

Unless specified otherwise, data are expressed as % or mean and standard deviation 
25%-75%.
ACEI, angiotensin-converting enzyme inhibitors; AMI, acute myocardial infarction; ARA 
II, angiotensin II receptor antagonists; ASA, acetylsalicylic acid; CK-MB, creatine kinase 
myocardial band; CPK, creatine phosphokinase; EF, ejection fraction; HR, heart rate; 
IQR, interquartile range; IU, international units; LVSF, left ventricular shortening fraction; 
NS, not significant; NSTEACS, non-ST-segment elevation acute coronary syndrome; PCI, 
percutaneous coronary intervention; SBP, systolic blood pressure; STEMI, ST-segment 
elevation myocardial infarction; TIA, transient ischemic attack.

Figure 1. Effect of albumin-to-creatinine ratio when added to the Mehran 
score. When the albumin-to-creatinine ratio was added to the Mehran score, 
its predictive power went up from 0.75 to 0.82 (95%CI, 0.76-0.87).
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